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Labores pariunt honores (praca rodzi zaszczyty)

l l roku akademickim 2000/2001 na Politechnice Krakowskiej odbyly
si¢ trzy uroczystoSci nadania tytulow doktoréw honoris causa Uczonym, ktérych
dzialalno$¢ byla szczegdlnie zwigzana z dwoma wydzialami naszej uczelni, a miano-
wicie Wydziatem Inzynierii Srodowiska i Wydzialem Inzynierii Ladowej. Ale jak zwy-
kle, gdy spotykamy si¢ z niezwyklymi osobowosciami §wiata nauki — a takimi zawsze
s3 ludzie wyrézniani tym tytulem — ich dorobek naukowy nietatwo zakwalifikowa¢ do
jednej tylko dyscypliny. Dlatego s3 to wydarzenia dotyczace niemal calej spoteczno-
§ci uczelni. Zgodnie z naszg tradycja uroczystosci te odbyly si¢ na Uniwersytecie
Jagiellonskim w Collegium Maius, najstarszej polskiej uczelni. Dzigki temu niepo-
wtarzalna sceneria wnetrz, ktorych historia sigga 600 lat, przypomina nam o ciaglo-
$ci tradycji 1 zwigzkach krakowskiego §rodowiska naukowego 1 technicznego.

Tytuly doktora honoris causa otrzymali:

Dnia 8 listopada, James C. I. DOOGE z Irlandii

wybitny specjalista w dziedzinie hydrologii 1 hydrauliki. Jako miedzynarodowy au-
torytet naukowy piastowal odpowiedzialne stanowiska w ONZ, bedac zarazem ho-
norowym profesorem uniwersytetow w Wageningen, L.und, Birmingham 1 Dubli-
nie. Jest autorem fundamentalnych prac teoretycznych w swojej specjalnosci. Row-
nocze$nie jako czlonek Senatu Republiki Irlandzkiej 1 minister spraw zagranicz-
nych prowadzit wieloletnig dzialalnos¢ polityczng. Tytul, na podstawie opinii opra-
cowanych na Politechnice Gdanskiej 1 w Instytucie Geofizyki PAN w Warszawie,
nadano w wyniku przewodu przeprowadzonego na Wydziale Inzynierii Srodowiska.
Promotorem byt profesor Henryk Stota.

Dnia 30 maja, Artur WIECZYSTY z Polski

profesor Politechniki Krakowskiej znany nie tylko w naszym kraju specjalista
w dziedzinie inzynierii Srodowiska, zwlaszcza w zakresie systemow gospodarki
wodnej. Jest autorem wielu pionierskich prac w tej dziedzinie i wychowawca gene-
racji mlodych naukowcow przynoszacych chlub¢ macierzystej uczelni. Opierajac



si¢ na opiniach nadeslanych z Politechniki Warszawskiej i Politechniki Wroclaw-
skiej, tytul nadano po przeprowadzeniu przewodu na Wydziale Inzynierii Srodowi-
ska. Funkcje¢ promotora petnit profesor Jerzy Kurbiel.

Dnia 25 czerwca, John Tinsley ODEN ze Stanéw Zjednoczonych

profesor Texas University w Austin, znany w $wiecie naukowym specjalista
w dziedzinie mechaniki komputerowej, mechaniki cialfa stalego, plynow i1 mechaniki
konstrukeji. Autor dziet ttumaczonych na wiele jezykéw 1 czlonek prestizowych sto-
warzyszefi oraz redakcji naukowych czasopism. Otrzymal honorowe doktoraty uni-
wersytetu w Lizbonie 1 Wydzialéw Politechnicznych w Mons w Belgii. Po otrzymaniu
opinii z Instytutu Podstawowych Probleméw Techniki PAN w Warszawie 1 Politech-
niki Slaskiej tytul nadano w wyniku przewodu przeprowadzonego na Wydziale
Mechanicznym. Funkcj¢ promotora powierzono profesorowi Januszowi Orkiszowi.

Niniejszy tom zawiera podstawowa dokumentacj¢ uroczystosci — ulozona
w kolejnosci chronologicznej — prezentuje sylwetki doktoréw honoris causa oraz za-
wiera oryginalne teksty Ich wykltadow promocyjnych, wraz z tltumaczeniami na jgzyk
polski.

Aleksander Béhm
Prorektor Politechniki Krakowskiej

Krakow 2004



Labores pariunt honores (work is the parent of honours)

I n the academic year 2000/2001 at the Cracow University of
Technology three ceremonies of conferring the title of doctor honoris causa were
held. The titles were conferred on the scientists whose activities were particularly
associated with two faculties of our university, 1.e. the Faculty of Environmental
Engineering and the Faculty of Mechanical Engineering. However, as is usual
when we meet extraordinary personalities of the scientific world — and the persons
honoured with this title always are — their scientific achievements are not easily
classified under a single discipline. This is why these events involve nearly the
whole community of our school. Following the tradition, the ceremonies were held
in the Collegium Maius of the Jagiellonian University, the oldest Polish university.
The unique scenery of the interior, the history of which dates back 600 years,
reminds us of the continuity of tradition and close links among the Cracow
scientific and engineering community.

The titles of doctor honoris causa were conferred on

November 8, James C. I. DOOGE, Ireland

an outstanding specialist in the field of hydrology and hydraulics, an honorary
professor of the universities in Wageningen, Lund, Birmingham and Dublin. As an
international authority he has held responsible posts in the United Nations
Organization. He is an author of fundamental theoretical works in his disciplines.
At the same time, as a member of the Senate of the Republic of Ireland and
minister for foreign affairs he was involved in political life. The title was conferred
on the basis of the opinions provided by the Gdanisk University of Technology and
the Institute of Geophysics of the Polish Academy of Sciences in Warsaw, following
the procedure held at the Faculty of Environmental Engineering of the Cracow
University of Technology. The promotor was Prof. Henryk Stota.

May 30, Artur WIECZYSTY, Poland

professor of the Cracow University of Technology, a specialist of great renown in
Poland and abroad, an expert in environmental engineering, water economy in
particular. He was an author of numerous pioneer works in his discipline and



amentor of a generation of young scientists who are a credit to their mother
school. On the basis of the opinions provided by the Warsaw University of
Technology and the Wroctaw University of Technology the title was conferred
following the procedure at the Faculty of Environmental Engineering, CUT. The
promotor was Prof. Jerzy Kurbiel.

June 25, John Tinsley ODEN, the United States of America

professor of the Texas University at Austin, USA, specialist of world renown in
computational mechanics, solid and fluid mechanics, and structural mechanics.
An author of works translated into many languages, a member of prestigious
associations and editorial boards of scientific journals. He is an honorary doctor of
the University in Lisbon and Polytechnic Faculties in Mons, Belgium. On the basis
of the opinions provided by the Institute of Fundamental Technological Research
of the Polish Academy of Sciences and the Silesian University of Technology the
title was conferred following the procedure at the Faculty of Mechanical
Engineering. The promotor was Prof. Janusz Orkisz.

The present volume includes the basic documents of the ceremonies, in
the chronological order, and presents the title of doctor honoris causa conferees
together with the original texts of their conferment lectures and summaries in the
Polish language.

Aleksander Bohm
Vice-rector of the Cracow University of Technology
Cracow 2004
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Professor

James C.1. Dooge

Professor James C. I. Dooge was born in 1922 in Birkenhead, Cheshire,
England. He graduated in 1942 receiving his B. SC. and B. Eng. from the National
University of Ireland. In 1952 he gained a Master of Science from the same univer-
sity and in 1956 a Master of Science from the Iowa University in the USA.

He started his academic career in 1958. Between 1958 — 1987, he was
a professor of construction successively at the University College of Cork and the
University College of Dublin and a Visiting Professor at the Galway College. He
gave regular lectures at a number of European, American, Asian and Australian
universities. '

He holds 4 honorary doctor's degrees from the universities of Wagenin-
gen, Lund, Birmingham and Dublin.

The scientific activity of Professor J. C. I. Dooge made him one of the
most eminent specialists in the field of hydrology and hydraulics of the open chan-
nel. He authored many publications and monographs which have become a canon
of the contemporary hydrology and hydraulics. They include a paper entitled
A General Theory of Unit Hydrograph and a monograph entitled Linear Theory of
Hydprogeological Systems.

International scientific co-operation has benefited immensely from Pro-
fessor Dooge’s contribution. He has been active since 1980 on the International
Council of Scientific Unions of which he was Secretary General and President. He
was a member of the International Association of Hydrologic Sciences (IAHS) and
the office of International Union of Geodesy and Geophysics. He was active on
boards of Advisory Scientific Committees to the Secretary General of the United
Nations. He serves as a consultant to the European Council in evaluating the Envi-
ronmental Research Programmes.

Professor J. C.I. Dooge has also been a committed organizer. He is an
ordinary or honorary member of many professional and academic associations in
different countries. He is a scholar of, among others, the Institution of Civil Engi-
neers in London, American Society of Civil Engineers, which recognized him with
a prestigious Ven Te Chow Prize in 1997, American Geophysical Union (Horton
Award in 1950 and Bowie Medal in 1986). He is a member or correspondent mem-
ber of the Royal Irish Academy, of which he was a secretary and then President,
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Russian Academy of Sciences, Collegium Ramazzini in Bologna, Academia Galile-
iana in Padua and Spanish Academy of Sciences.

Professor J. C. 1. Dooge has also been involved in politics. He was a mem-
ber and Chairman of the Senate, member of the Presidential Council and Minister
of Foreign Affairs of the Irish Republic.

Professor J. C. I. Dooge’s links with Poland and the Cracow University
of Technology date back to 1968. Professor was a participant and member of the
Scientific Committee of the Symposium on Mathematical Models in Hydrology
which took place in Warsaw in 1971 and which started development of this re-
search field in Poland. The Summer School in Jablonna was of similar importance
— its proceedings were translated by the research group of CUT and published by
the Polish Academy of Sciences. Since then 6 Polish researchers worked during
long-term fellowships at the Univeristy College of Dublin and one of them ob-
tained a doctoral degree there. Professor Dooge is a foreign member of the Polish
Academy of Sciences. Every year or every second year he visits the Cracow Univer-
sity of Technology to consult the younger researchers. In 1976 he was a honorary
guest during the celebration of the 30th Anniversary of CU'T; in 1995 he was award-
ed a gold medal of the 50th Anniversary of CUT.

Profesor James C. I. Dooge

Profesor James C. I. Dooge urodzit si¢ w 1922 r. w Birkenhead, Cheshi-
re, w Anglii. Studia pierwszego stopnia (B. Sc. 1 B. Eng.) ukoficzyt w 1942 r. w Na-
tional University of Ireland. Stopien Master of Engineering uzyskal na tym samym
uniwersytecie w 1952 r., a stopien Master of Science na Uniwersytecie lowa (USA)
w1956 1.

Kariere uniwersytecka rozpoczat w 1958 r., piastujac w latach 1958-1987
kolejno stanowiska profesora budownictwa w University College Cork, University
College Dublin 1 Visiting Professor w College Galway. Rownoczesnie prowadzit re-
gularne wyklady na licznych uniwersytetach europejskich, amerykanskich i azja-
tyckich oraz w Australii.

Prof. J. C. L. Dooge jest doktorem honorowym uniwersytetow w Wage-
ningen, Lund, Birmingham i Dublinie.

Dzialalnos¢ naukowa stawia profesora Dooge'a w rzgdzie najwybitniej-
szych specjalistow w zakresie hydrologii 1 hydrauliki koryt otwartych. Jest autorem
wielu prac 1 monografii, ktére stanowia kanon wspélczesnej hydrologii 1 hydrauli-
ki. Do takich naleza: artykul pt. Ogolna teoria hydrografu jednostkowego (A Gene-
ral Theory of Unit Hydrograph) 1 monografia pt. Liniowa teoria systemow hydyo-
logicznych (Linear Theory of Hydrological Systems).

Wielkie zastugi polozyt prof. Dooge w mi¢dzynarodowej wspotpracy na-
ukowej. Od 1980 r. dziala w Migdzynarodowej Radzie Unii Naukowych (Internatio-
nal Council of Scientific Unions), ktorej byt sekretarzem generalnym 1 prezyden-
tem. Byl czlonkiem Migdzynarodowego Stowarzyszenia Nauk Hydrologicznych
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(IAHS), biura Migdzynarodowej Unii Geodezji i Geofizyki. Piastowal kierownicze
stanowiska w doradczych komitetach naukowych sekretarza generalnego Narodow
Zjednoczonych, UNESCO. Jest czlonkiem konsultantem Unii Europejskiej w za-
kresie oceny programéw badan ochrony srodowiska.

Niezwykle bogata jest dzialalno§¢ organizacyjna Profesora. Jest czlon-
kiem zwyczajnym 1 honorowym licznych stowarzyszen zawodowych 1 akademickich
w réznych krajach. Profesor Dooge jest stypendysta m. in. Institution of Civil En-
gineers w Londynie, American Society of Civil Engineers (gdzie uzyskal prestizo-
wa nagrode Ven Te Chowa w 1997 r.), American Geophysical Union (nagroda Hor-
tona w 1959 r. 1 Medal Bowie w 1986 r.). Jest takze czlonkiem lub czlonkiem kore-
spondentem Irlandzkiej Royal Irish Academy, ktorej byt sekretarzem, a nastgpnie
prezesem, Rosyjskiej Akademii Nauk, Collegium Ramazzini w Bolonii, Accademia
Galileiana w Padwie 1 Hiszpanskiej Akademii Nauk.

Profesor Dooge zajmowat si¢ rowniez dziatalnoscia polityczna: byt diu-
goletnim czlonkiem Senatu Republiki Irlandzkiej i przez pewien okres przewodni-
czacym tegoz Senatu, czlonkiem trzyosobowej Rady Prezydenckiej Irlandii 1 mini-
strem spraw zagranicznych Republiki.

Zwigzki Profesora J. C. I. Dooge’a z Polska 1 Politechnikg Krakowska da-
tujg si¢ od 1968 r. Profesor byl uczestnikiem i czlonkiem Komitetu Naukowego
Sympozjum: ,Modele Matematyczne w Hydrologii”, ktore odbylo si¢ w Warszawie
w 1971 1. 1 zapoczatkowalo rozwoj tej dziedziny badaf w Polsce. Podobne znacze-
nie miala szkola letnia w Jablonnie; materialy szkoly zostaly przettumaczone przez
zespot z PK 1 wydane przez PAN. Od tego czasu na dlugoterminowych stazach
w University College Dublin przebywato 6 Polakéw, w tym jedna osoba z PK uzy-
skala tam stopien doktora. Profesor jest czlonkiem zagranicznym Polskiej Akade-
mii Nauk. Rokrocznie lub co dwa lata jest gosciem Politechniki Krakowskiej, gdzie
udziela konsultacji miodym pracownikom nauki. W 1976 r. byl honorowym gosciem
na obchodach 30-lecia PK| zas w 1995 r. otrzymat Ztoty Medal 50-lecia PK.



James C. I. Dooge

The Occurrence and Movement of Water

Introduction

Rector, members of the Senate and members of the University, I am
honoured to speak to you today as a fellow member of Politechnika Krakowska im
Tadeusza Kosciuszki.

It is customary on such occasions for the new member of the University
to present a short lecture relating to his or her special field of academic interest.
Since my own concern as a professional engineer and a researcher has been based
on a fascination with water, the contents of my lecture will be concerned with some
aspects of that particular fascination. You may be relieved to hear that I shall
confine myself to three such aspects. Firstly, I wish to talk about the quite
surprising chemical and physical properties of this substance, which appears to
our senses as so simple and bland and innocent. Secondly, I intend to say
something about the social context within which water must be managed as a
human resource. Finally, I wish to say something of water in nature as a dangerous
physical hazard which in many instances can lead to human disasters.

1. The Science of Water
1.1. The Occurrence of Liquid Water

One of the features that distinguishes our planet Earth from its nearest
planetary neighbours in the Solar System (Venus and Mars) is the average surface
temperature of 15° Celsius and the consequent abundance of liquid water on the
surface of the Earth. It has been estimated that if the Earth were 5% closer to the
sun, all of the hydrosphere would be in gaseous form as in the case of Venus and
that if the Earth were 5% further from the sun, the surface hydrosphere would be
entirely frozen as in the case of Mars.

The occurrence of the liquid phase of water as of any other common
substance, depends on the conditions of temperature and pressure. The
temperature of the surface of any planet depends on its distance from the sun as
modified by the formation of a surface atmosphere produced by early out-gassing
from the interior of the planet. If the Earth were a black body without an
atmosphere, the average global temperature would be less than 0° Celsius and the
surface hydrosphere would be largely frozen. However, the development over time
of the Earth's atmosphere has produced a moderate greenhouse effect which raises
the global temperature from below zero to a global average of 15° Celsius which is
compatible with an abundance of liquid water. In the case of Venus, the initial
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temperature of about 50° Celsius was sufficient to cause a runaway greenhouse
effect which had the result of producing an average surface temperature two orders
of magnitude higher than this and a surface pressure two orders of magnitude
higher than that on Earth. In contrast, Mars with an initial temperature of around -
- 55° Celsius would not have been able to produce a liquid hydrosphere because any
initial hydrosphere would become frozen after only a rise of one or two degrees of
temperature, thus resulting in a surface temperature of around 50° below zero and
a surface pressure two orders of magnitude lower than that of the Earth.

The very occurrence of liquid water at 15° Celsius is itself surprising
since it involves an anomalous property of the common substance water which
appears so simple to our senses. As every schoolchild knows, the formula for water
is HzO or in more precise chemical terms that water is anhydride of oxygen. One
of the first things which we learn in chemistry is that elements which are grouped
together in the periodic table are expected to display similar properties. However,
if we look at the elements in the sixth column of the periodic table (oxygen,
sulphur, selenium, and tellurium) we find a peculiar anomaly. Table A lists these
compounds in descending order of relative molecular mass and gives for each of
these elements the melting point, the boiling point and the range of temperatures
for the liquid form.

Table A. Comparison of Group VI an Hydrides

st Melting Boiling 4
Compound Molecular Point [°C] Point [°C] Range [°C]
Mass
H.Te 129,6 -51 o4 47
H,Se 81,0 -64 -42 22
H,S 34,1 -82 -62 20
H,0 18,0 0) (100) (100)

If we did not know the value of these properties for water, which is given
in the last line of the table, we would be tempted to predict it on the basis of the
general tendency shown in the first three lines and expect water to be liquid over
a range of approximately 20° between about minus 90° and minus 70° Celsius. If
this were so, the hydrosphere of the earth would be almost entirely gaseous instead
of the liquid hydrosphere that we see all around us. It has already been mentioned
that oxygen and sulphur are neighbours in the periodic table but it would be hard
to envisage two compounds so different as water which is a virtually odourless
liquid and hydrogen sulphide which is a pungent gas. Liquids like water lack the
relative simplicity either of solids with their regular sized structure between
molecular neighbours or of gases in which the movement of the separated
particles may be assumed to be random.
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Physical chemists readily explain the above anomaly as being the result
of the non-coincidence of the centre of action of electrical charges at the molecular
scale. This gives rise to a weak type of bonding known as hydrogen bonding which
effects all elements in the fourth row of the periodic table. Thus at the very
beginning of our study of water we are faced with a surprising anomaly in regard
to the abundance of liquid water which affects our whole environment and our life
on this planet. The main lesson from the above anomaly is to be prepared for
further surprises as we go on to study the properties and the behaviour of water in
our environment at higher scales.

1.2. Other Anomalous Properties of Water

Beyond this particular difference from its chemical neighbours, water
has other important properties which are anomalously high in regard to virtually all
other compounds. These other anomalous properties of water affect not only its
chemical and physical behaviour but also may have important socio-economic
consequences. A selection of them are discussed below.

The surface tension of water is two or three times that of other common
liquids, even though it is one or two orders of magnitude lower than the surface
tension of liquid metals (such as mercury) in which different mechanisms are
involved. This anomaly is not merely a matter of chemical curiosity but is of
biological and social significance. During drought periods, the retention of liquid
water in the upper layers of the unsaturated soil is vital for the sustenance of plants
and of animals and hence for human survival. Since the surface tension of water is
anomalously high, more liquid is retained around the point of contacts of the soil
particles than would be the case for any other common liquid with the resulting
socio-economic effects referred to above.

Water has the highest latent heat of vaporisation and the highest
specific heat of any substance. Consequently the large scale evaporation of
water in the tropics, its conveyance towards temporal latitudes as water vapour
in moving air masses, and its precipitation in the latter regions is a most
efficient process which has the result of modifying the variation of climate with
latitude. This has the socio-economic effect of extending the amount of
territory available for comfortable habitation and efficient crop production.
Water has the highest thermal conductivity of any substance except mercury.
This property facilitates the redistribution of energy around the globe through
the major ocean currents.

The complex structure of water also enhances the solubility of charged
ions in water. The fact that water is an almost universal solvent makes it the main
carrier of both the nutrients required by living organisms and the toxins that are
inimical to elements of the living environment. In recent decades attention has
been turned to the environmental importance of the large-scale biogeochemical
cycles of elements such as carbon, nitrogen and sulphur.

16



Apart from the effect of these anomalously large values of various
properties, water shows anomalous variations with temperature and pressure
compared with other liquids. Most important of these anomalies is the fact that
water has a minimum molar volume (and hence a maximum density) at 4° Celsius
rather than at its freezing point of 0° Celsius. This has the effect of confining the
initial freezing of a water body to the surface layers with important consequences
for the biological systems in that body of water. Also of importance to biology is the
fact that the specific heat of water has a minimum between 34° Celsius and 35°
Celsius which is close to the body temperature of animals.

The subject of hydrology is by definition concerned with the occurrence
and the movement of water. It has been seen above that the occurrence of liquid
water at global temperatures on planet Earth arises from the properties of water at
a molecular scale of 10"’ metres. Such water molecules form molecular clusters
with a size of 10* metres which form and reform at intervals of 10 seconds.
Attempts to study the properties of the movement of water can be made by scaling
up using models of various types (uniformist, mixture, interstitial) from the
molecular cluster to scales nearer the human scale of the measurable movement
of water. In practice such upscaling by aggregation is extremely difficult. In
practice the study of the movement of water starts from considerations of
continuum mechanics applied to fluid flow. The continuum scale is defined as that
at which properties of a material may be assumed to be continuous and this may
be arbitrarily set in the case of water at a scale of about 10° metres.

1.3. The Movement of Water

A fluid is defined as a substance that will continue to move indefinitely
under a shearing force however small. It is said to be a pure fluid if it has no
memory, i.e. the stresses depend only on the present rates of deformation and the
thermodynamic properties of the fluid. A perfect fluid may be defined as one in
which the shear stress is a function of the rate of strain. The first basic approach
to the study of the movement of fluids relates the two-dimensional tensor of shear
stress to a local two-dimensional tensor of rate of deformation. The material
relationship between two such arbitrary second order tensors in 3-dimensional
space contains in general 81 (i.e. 3') elements thus presenting a problem of
enormous complexity. Even invoking symmetry only reduces the number of such
material parameters from 81 to 36.

However, by making one further assumption it is possible to reduce the
problem to a relationship depending on only 2 physical parameters which we know
as dynamic viscosity and bulk viscosity and which depend only on the
thermodynamic variables of density and temperature. This single assumption
consists in ignoring the basic feature of the water molecule which is non-isotropic
and assummg that water can be consxdered at the scale of the contmuum pomt as




the basis for the study of the laminar flow of fluids. Here we encounter a second
type of surprise in dealing with water. The basic assumption of non-isotropy that
explains the occurrence of liquid water on earth is directly contradicted by the
basic assumption of an isotropy that allows us to begin a rational study of its
movement. This should warn us of the importance of scale and the possibility of
apparent contradictions as we move to higher and higher scales.

There is an immense range of scales of importance to us in considering
the behaviour of water and its effects on individuals and on societies. In moving
from the water molecule at 10"’ metres to a continuum point at 10~ metres we have
traversed 5 orders of magnitude. If we now aggregate by a further 5 orders of
magnitude to a scale of 1 metre we arrive at the approximate scale at which
experimental studies on hydrologic processes such as the movement of water in
a column of unsaturated soil are carried out. When we move on further to the scale
of a catchment which is the natural unit of study in regard to the hydrological cycle
we have to traverse another 4 or 5 orders of magnitude. A complete science of
hydrology would have to be able to connect the results at all of these different
scales either by aggregation from smaller scales to larger or by disaggregation from
larger to smaller scales. The achievement of such a comprehensive science lies so
far in the future that one wonders whether it will be achievable before the present
hydrosphere comes to an end.

We can refer to the fundamental theorem of algebra, the fundamental
theorem of chemical valency, the fundamental theorem of natural selection etc.
The question arises as to whether there is any fundamental theorem which is valid
over the whole range of spatial and temporal scales of interest in the various
aspects of hydrology. In hydrology the equation of continuity meets the criterion
that (a) it is necessary for meaningful analyses at all scales, (b) it can be written in
an appropriate linear form at all scales and (c) it can be transformed from one
scale to another without the necessity of either determining at each level new
parameters in the aggregated non-linear relations or of selecting statistical
distributions for the purpose of disaggregation from a higher scale to a lower.
Hydrologists thus attack the key problems at each scale of interest by combining
the appropriate form of the equation of continuity with other theorems which may
be appropriate only to that single scale of interest.

Modern hydrology consequently embraces a number of approaches to
the phenomena involved with the movement of water. Firstly, at the scales between
1 metre and 100 metres it draws on fluid mechanics in order to predict the flow of
water in various natural flow processes: across the surface of the ground, through
small streams and rivers; by infiltration through the surface of the ground and by
unsaturated flow through the upper soil surface; as horizontal flow of groundwater
through porous media; and as evaporation from water surfaces, bare soil, and
vegetation. Experimental investigations at the same range of scales are concerned
with the physical parameters needed in order to use these equations and such
complex phenomena as the effects of heterogeneiety on the these parameters.
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When these hydrological processes are studied at the larger catchment scales of 10°
to 10° metres the degree of heterogeneiety becomes so great that it is virtually
impossible to apply the physical theory of hydrological processes. In recent
decades, recourse has been to the application of systems theory to hydrological
relationships at such scales. Thus, a catchment can be treated as the equivalent of
a black box with storm rainfall as the input and flood runoff as the output. Such a
systems approach involves both deterministic and stochastic methods of analysis.

2. Water as a Human Resource
2.1. The Context of Water Management

There is, as we have seen, no universal model for the behaviour of water
even in the physical sciences. Similarly, from the point of view of the biological
sciences and of the human environment there is no single simple meaning of
water. For the biologist, a clear understanding of the behaviour of water is essential
for the understanding of life processes. Equally a clear understanding of biological
principles is essential in hydrology and water resources development. To the
botanist, water is a transporter of plant nutrient and a filler material which
maintains the rigidity of the cellulose walls of the plant cells. The anomalously
high latent heat of fusion is a protection against freezing and the dielectric
properties are important for the solution of ionic compounds. For the zoologist
extra-cellular water in the animal body provides an internal environment which is
thermostatically controlled and chemically stable and within which the animal cells
can live and thrive. All the indications are that water in a cellular system is not just
an inert solvent but plays a specific role in which its special structure is of
importance. Just over half the water in the human body is intracellular water which
is rich in potassium and is unlike bulk water in many of its properties.

This complexity increases as we move towards areas where the social
sciences play a role alongside the natural sciences. The role of the social sciences
in regard to water problems has been increasingly recognised in recent years.
Social scientists are interested in the meaning attached to water and the use of
water resources by social groups and by individuals. To them water is an important
social factor either as a means of subsistence or as a form of transportation or as a
factor in technology or even as a symbol in ritual. Anthropologists and sociologists
are very interested in the place of water in prehistoric cultures, the growth of the
hydraulic societies of the ancient Middle East, the significance of water in tribal
societies in modern times and the management of water in developed societies.

In the world of to-day, the growth of population and the pace of
economic development have combined to produce an enormous increase in water
needs, so that many of the approaches to the allocation of water use which were
appropriate at earlier times need rigorous examination. Table B shows the growth
of water needs in the 20th century from a total of 579 x 10’ cubic metres in the year
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1900 to a total of 5190 x 10’ cubic metres in the year 2000, an increase of almost
800%. The largest consumer of water is still agriculture but the increase in
demand from other sectors is proportionately much greater.

Table B. Water Needs by Use

Type of use Water use [km’/year]
1900 1950 2000
Agriculture 525 1130 3250
Industry 37 178 1280
Municipal 16 52 441
Reservoir loss 0,3 6,5 220
Total 579 1366 5190

The development of water resources and the allocation of water use
present many problems in relation to living standards and the environment. The
input concerning water problems to the Rio Conference on Environment and
Development (UNCED) in June 1992 was the task of the International
Conference on Water and the Environment (ICWE), held at Dublin in January
1992. The latter conference collated a large number of inputs from UN
specialised agencies, governments and non-governmental organisations. The
working papers and the debates on them resulted in the Dublin Statement on
Water and Sustainable Development. This statement was based on four guiding
principles.

The first of these principles stated:

“Fresh water is a finite and vulnerable resource essential to sustain life,
development and the environment”.
and went on to stress the best means of dealing with this problem.

“Effective management of water resources demands a holistic approach
linking social and economic development with protection of natural eco-systems”.

The remainder of this section concentrates on the economic and social
structures and procedures that are needed if we are to take full advantage of our
scientific and technical knowledge in the field of water.

2.2. Appropriate Economics

The traditional attitude of considering water to be a free good has long
been abandoned by professional economists but persists in the approach of many
people to problems of water allocation and use. Another of the four guiding
principles of the ‘Statement on Water and Sustainable Development from the
Dublin UNCED Conference in 1992 dealt with the two key aspects of this matter.
Firstly, it emphasised that:
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“Water has an economic value in all its competing uses and should be
recognised as an economic good”.
and secondly, that:

“Within this principle, it is vital to recognise first the basic right of all
human beings to have access to clean water and sanitation at an affordable price”.

This characterisation of water as an economic good created some
serious opposition in Islamic countries because water is described in the Koran as
the source of all life and a free gift of God. Later debate distinguished between the
right of a person to abstract water at its source and the right of some authority to
charge for the service in developing that source and conveying the water to the
point of use. If the original principle had been phrased to refer to the provision of
water services being an economic good there would not have been such a reaction
and the difficulty would have been avoided.

The second element of the above principle is also of key importance.
The unregulated operation of free market forces in the area of water supply has
disadvantaged both the urban poor and the rural poor to an unacceptable degree.
It was reported at the Dublin Conference that in one South American city the cost
of water from private vendors was 100 times the cost of water from public supplies.
This resulted in those dependent on private vendors having to spend 20% of their
income on water even though their consumption was much lower than that of
persons serviced by public supplies. The health and environmental costs arising
from such a situation must far exceed the direct costs involved in remedying the
situation. A similar situation exists in many rural areas of the developing world
where the daily consumption of water per head depends critically on the degree of
availability of water.

The economic context for sustainable development was well discussed
by a group of prominent leaders of international industrial companies who
constituted the Business Council for Sustainable Development. Their report
which provided an input from leading multinationals to the UNCED conference in
June 1992 clearly stated:

“The market does not tell us where to go but it provides the most
efficient means of getting there”.
and goes on to draw the conclusion:

“Therefore society through its political systems will have to make valued
judgements, set long term objectives, implement measures such as charges and
taxes step by step and make mid-course corrections based on experience and
changing evidence”.

The Declaration of the Business Council for Sustainable Development
which was the core of their report deals with the relationship between competitive
markets and social objectives in the following terms:

“Open and competitive markets, both within and between nations,
foster innovation and efficiency and provide opportunities for all to improve their
living conditions. But such markets must give the right signals; the prices of goods
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and services must increasingly recognise and reflect the environmental costs of
their production, use, recycling and disposal. This is fundamental, and is best
achieved by a synthesis of economic instruments designed to correct distortions
and encourage innovation and continuous improvement, regulatory standards to
direct performance, and voluntary initiatives by the private sector”.

In a UNESCO publication also prepared for the Rio conference, the
noted economists Jan Tinbergen and Roefie Hueting wrote:

“The market works well but not all factors contributing to human
welfare are captured by it. Consequently, market prices and economic indicators
based on them, such as national income and cost-benefit analyses, send
misleading signals to society and therefore must be corrected. The factor for
which correction is most urgently needed is the environment”.

The above distinctions between the efficiency of market forces in
achieving agreed goals and the irrelevance of market forces in setting these goals
is too often blurred or ignored in present practice with short term gains for a few
individuals and organisations at the cost of a long term burden on the community
as a whole.

2.3. Appropriate Sociology

Over 150 years ago, John Stuart Mill in his Principles of Political
Economy wrote of the relationship between private rights and public policy as
follows:

“The earth itself, its forest and waters above and below the surface are
the inheritance of the human race. What rights and under what conditions, a person
should be allowed to exercise over every portion of this common inheritance cannot
be left undecided. No function of government is less optional than the regulation of
these things or more completely involved in the idea of a civilised society”.

Unfortunately, in the intervening years many administrations of various
types have either ignored this principle or given it only lip-service. Another of the
guiding principles of the Dublin Conference on Water and the Environment deals
with a similar point when it says:

“Water development and management should be based on a particip-
atory approach involving users, planners and policy makers at all levels”.
and continues by outlining the elements of such an approach:

“The participatory approach involves raising awareness of the
importance of water among policy makers and the general public. It means that
decisions are taken at the lowest appropriate level with full public consultation and
involvement of users in the planning and implementation of water projects”.

Such a participatory approach calls for new skills in communication and
a recognition that true communication is a two way process.

Adherence to the participatory principle places an onus on those who
have been trained in a particular discipline, not only to co-operate with scientists
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and experts in other disciplines but also with the many social groups that are
concerned with the social problem under discussion. Communication and co-
-operation between individuals and groups from diverse backgrounds and with
differing interests requires careful planning and hard work. The basic elements
for meaningful communication, whether at a social gathering or at a planning
session, are essentially the same. The main requirements may be described as: (1)
a common language known moderately well by all participants; (2) a well defined
common focus of real interest to all parties; (3) a willingness and an ability to talk
clearly to the main point at issue; (4) above all an ability and a willingness to listen
patiently to others on the basis of mutual respect. All four of these elements are
important.

The special jargon of each individual group, whether of experts or of
members of a local community, facilitates communication within that group but at
the same time makes communication with other groups more difficult. Experience
from interdisciplinary work in science indicates the vital need for sharp focussing
on a well-defined specific problem. The ability to speak clearly is important not
only for adequate communication to others but also for the organisation of one’s
own thinking. As for patient listening, this must involve a genuine effort to
understand based on parity of esteem and not consist merely of passive intervals
of recuperation between bouts of expounding one's personal viewpoint.

There have been interesting developments in this connection over
recent decades in relation to the growing involvement of various groups in the
planning of large hydroelectric projects. Prior to 1950 such projects were
planned by a design team of engineers followed by some post-design evaluation
by economists. Between 1950 and 1970 economists were brought into the design
team alongside engineers. Around 1970, there was a further advance in which the
project proposals prepared by such design teams of engineers and economists
were subject to post-design evaluation by environmental experts. In the late
1980s these environmental experts were brought into the design team and in the
following years there were post-design discussions initiated by non-
governmental organisations. By the end of the century the best practice involved
bringing such non-governmental organisations and representatives of the people
directly affected by the proposed schemes into the early discussions. A similar
process of enlarging the number of groups involved in the discussion of water
resource management has been seen in the past few years in Poland following the
disastrous floods of July 1997. In the discussions of the lessons to be learned
from these floods and the measures to be taken in the future (both structural
measures and non-structural measures), there has been a most welcome
interchange of views between experts in water resource management and local
communities.
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3. Water — Related Disasters
3.1. Nature of Hazards and Disasters

Water is not only an essential component of human well-being but is
also a potential source of danger. It is interesting to recall that Pliny the Elder in
discussing the phenomena of the Nile flood nearly two thousand years ago used
the recorded height of the flood as a social index. He equated a water level of 12
ells or less with widespread hunger due to drought, a level of 13 ells with
suffering, a level of 14 ells with happiness, a level of 15 ells with security, and a
level of 18 ells or over with disaster due to massive flooding. Today there is still
widespread suffering due to water related disasters in many climates and many
parts of the world.

Water-related disasters can be conveniently separated into three groups:
problems due to a surfeit of water, problems due to a lack of water and problems
arising from other water-induced hazards. In flooding there are distinct
differences between the characteristics and the consequences of (a) flash floods in
uplands areas, (b) synchronisation of flows on tributaries producing flooding over
a large area of the middle catchment, and (c) perennial low-land flooding near the
estuary of a large river. Droughts also differ in their characteristics and their
consequences between arid areas where the shortage of water is the norm and
semi-arid areas where droughts are intermittent. In arid areas with perennial
shortages, the number of the inhabitants and their life style tend to be in
approximate balance with the harsh environment. In semi-arid areas, the
occurrence of a wetter than average year or a short sequence of such years
encourages an increase in livestock numbers and as a consequence leads to both
increased losses and severe land degradation in any subsequent dry period. The
remaining water-induced natural disasters are not directly related to the total
amount of water in the system but to the critical effect of the presence of water on
some type of unstable geophysical phenomenon. Notable among these are water-
-related instabilities such as glacier outflows; mud flows and rock slides; storm
surges due to wind wave interaction.

Though earthquakes and wind storms account for two thirds of the
number of deaths due to natural disasters, the number of people affected by them
amounts to only 10% of the total numbers affected by natural disasters. In contrast
about 30% of those affected by natural disasters are the victims of flooding and
about 60% are victims of droughts. These figures relate to the 20-year period
1960-1979 and there are indications that the number of deaths due to flooding is
markedly increasing in recent years.

It is of vital importance to distinguish between a causal hazard, (which
may be geophysical or technological or man-made), and the resulting disaster with
its serious impact on a given group of people. In this connection, we can define a
natural hazard as:
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“[...]a threatening event, or the probability of the occurrence of a
potentially damaging phenomenon within a given period and area”.

This concept of hazard must be clearly distinguished from that of a
disaster which is the resulting impact of such an event on a given community. This
is normally defined in relation to various categories of damage. Thus the UN
Department for Humanitarian Affairs defines the risk of a disaster as:

“[...]expected losses (of lives, persons injured, property damaged and
economic activity disrupted) due to a particular hazard for a given area and
reference period.”

The link between the geophysical hazard and the potential for disaster
is the vulnerability of those impacted. Vulnerability may be defined as:

“[...]the characteristics of a person or group in terms of their capacity to
anticipate, cope with, resist, and recover from the impact of the natural hazard”.

It is being increasingly recognised that coping with natural disasters
depends largely on our ability to mitigate the vulnerability of the affected groups
through anticipatory actions based on improved risk assessment and planned
disaster preparedness.

3.2. Mitigation of Vulnerability

In considering the feasibility of mitigating the vulnerability of
communities to natural hazards, it is useful to compare the experience in relation
to different types of disasters, natural and man-made, water-related and others.
Though a wide variety of geophysical phenomena and of human activities are
involved, all types of disasters may usefully be analysed in a time sequence of five
stages. These five stages are: (1) the anticipatory phase, (2) the alarm phase, (3)
the impact phase, (4) the relief phase, and (5) the rehabilitation phase.

The anticipatory phase allows an opportunity for the identification of
communities at risk, the estimation of risk based on hazard probability and local
vulnerability, the mapping of risk for such areas, the establishment of codes of
practice, the design and implementation of structural measures, legislation on
planning control and insurance, organisation of information and training
programmes. The second phase concerned with warning of increased hazard
includes the continuous monitoring by experts of hazard indicators, the triggering of
advanced warning systems directed at local relief services and finally, a public alert.

The mitigation of vulnerability during the impact phase depends almost
entirely on local response and includes search and rescue efforts, emergency repairs
of services, and where appropriate evacuation. The following relief phase which may
involve external help, either nationally or internationally, is concerned with the provision
of emergency supplies, full restoration of services, temporary housing, and so forth.

The final rehabilitation phase, which may be prolonged, includes physical
reconstruction, personal rehabilitation, and the vital post-hoc evaluation of the
efficiency procedures under each of the five phases during this particular disaster.
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The fact that the mitigation of vulnerability offers us the best hope of
reducing the impact of water-related disasters give rise to a number of questions
in relation to the formulation of national policy and its local implementation in
regard to disasters. It is becoming clearer all the time that money which is spent
in advance on disaster mitigation can reduce both the human misery of a potential
disaster and the financial expenditure arising from this disaster in the longer run.
Thus in the area of disaster policy we also have the question of the precautionary
principle which has become a matter of some debate in regard to climate change.
This question of expenditure in the short term in order to avoid higher
expenditure and greater impacts in the longer run raises ethical as well as
economic questions. UNESCO has established a working group on ethics in
relation to fresh water which has been considering a number of aspects of this
general problem including the ethics of water-related disasters. A particular
difficulty arises from the fact that the need for the mitigation of vulnerability gives
rise to the need to balance the cost of preventive measures against the benefit of
reduced impacts. The perception of this balance depends critically on the proper
assessment of risk which is more difficult to assess in the case of disasters because
the impact is a combination of high intensity impact due to a rare occurrence.
Human perceptions of risk seem to evaluate more critically the risks of such a high
impact and rare occurrence compared with the risks of a more frequent event of
lesser impact which would in the long run have the same or greater average
impact. This problem of the gap between the perceived risk and the real risk raises
a number of problems that calls for a thorough dialogue between experts in an
effort to produce guidelines for decision makers and to inform the public.

3.3. Ethics in Relation to Disasters

The question of ethics in relation to disasters interacts with a large
number of problems of various types: scientific, economic, philosophical, and
political. In the past, ethical restrictions have taken the form of taboos or rites
which develop into customs of behaviour with the social sanction of the local
community. In more recent times, particularly in developed societies, ethical
restrictions take the form of behavioural rules which are ultimately codified in law
firstly at a national and subsequently at an international level. The basic elements
of any ethical position are: (a) the acceptance of a set of moral principles; (b) the
personal perception of the factual situation; (c) a system of decision making in
relation to the type of case under consideration. Certain moral injunctions which
are considered to be of vital importance, and are widely agreed to, may become part
of prohibitive legislation in a given society. Some of these are so broadly accepted
among peoples of different cultures that they become part of an international
treaty or even a universal treaty binding on the wide community of nations.

The question of ethics in regard to any social problem has to be considered
on four levels: the level of inter-personal relationship, the community scale, the
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national scale and the global scale of international norms. Since we are concerned
with a question of morality, the appropriate response to a threat or the reality of a
disaster is basically one based on individual attitudes and actions. However, the
development of an attitude and the promotion of action may be exercised by an
individual in various contexts, depending on the relationship of each individual to the
communities of various sizes of which he or she is a part. These include person-to-
-person relationships, family relationships, neighbourhood relationships, work
relationships, wider community relationships in a local area, political unit or region,
and ultimately relationships involving all of humanity and all of the living world.

The role of groups of various types in contributing to the development
and formulation of a disaster ethic is extremely important. Ethical preconceptions
of individuals can be refined by interactions with others and this is most fruitful
when this interaction takes place within a group which has a common focus of
interest. Many social groups are particularly vulnerable to disasters and
particularly disadvantaged during recovery. The leaders of such groups have a real
responsibility in regard to developing an appropriate attitude towards the risk of
disaster and to the ethical problems involved. Another type of group which can play
a key role is the professional group. However, there is a danger in relation to ethics
of exaggerating the influence of professional opinion which is a vital component
but not the totality of the input required.

The role of governments is also a vital one. Traditionally one of the key
roles of government has been to defend its citizens against armed invasion from
outside. It is hoped that the world community is close to reaching a point where
this responsibility can be transformed into a responsibility to defend its citizens
from both natural and man-made disasters. The UN Decade on Natural Disaster
Reduction of the 1990s has heightened the awareness of governments to this
problem. The Mid-Decade Conference held in Yokohama in 1995 noted that;

“[...]each country has the sovereign responsibility to protect its citizens
from natural disasters”.

The responsibilities in this regard are similar to those dealt with in
Agenda 21 which was adopted by the Rio Conference on Environment and
Development in 1992.

Conclusion

It is a long road from the chemical properties of the water molecule to
the ethical considerations of disaster preparedness but each of the steps along that
road is important for the development of attitudes and actions in regard to this
element so abundant on our planet and so essential to human well being. Every
step along that way has problems of interest and significance for members of the
academic community in their professional calling. Equally every problem
encountered along the way should have an interest and concern for every member
of the academic community in his or her role as a member of civil society.
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Woda i jej ruch

Streszczente

Przedmiotem szczegélnej fascynacji 1 zainteresowania Autora w trakcie
Jego kariery zawodowej pracownika naukowego 1 zarazem inzyniera praktyka byta
woda. Wodzie, a dokladnie trzem jej aspektom poswigcony jest wykiad wygloszo-
ny z okazji otrzymania przez Autora tytulu doktora honoris causa Politechniki
Krakowskie;.

Pierwszym ze wspomnianych trzech aspektow sa niezwykle chemiczne
1 fizyczne wlasno$ci wody. Autor omawia wlasnosci chemiczne i fizyczne wody,
podkreslajac wystepujace anomalie oraz wskazujac na ich réznorodne konsekwen-
cje, nie wylgczajac konsekwencji biologicznych i spoteczno-ekonomicznych. W dal-
szym ciggu Autor zajmuje si¢ zjawiskiem ruchu wody. Zwraca uwage na problem
skali wystepujacy przy opisie ruchu wody przez wspoéiczesng hydrologie i na fakt,
ze nie istnieje uniwersalny model opisu ruchu wody w naukach fizycznych.

Drugi z omawianych aspektow — to spoleczny kontekst gospodarki wod-
nej. Woda jest jednym z glownych bogactw naturalnych ludzkosci. Inne znaczenie
przedstawia jednak dla botanika, a inne dla zoologa. Sprawy ulegaja dalszej kom-
plikacji, gdy obok nauk przyrodniczych pojawiaja si¢ nauki spoleczne. Autor przy-
pomina przyjete podczas konferencji w Dublinie w styczniu 1992 r. definicje
1 okreslenia dotyczace wody jako bogactwa naturalnego i efektywnego zarzadzania
zasobami wodnymi, a nastgpnie koncentruje si¢ na istotnych aspektach ekono-
micznych 1 socjologicznych gospodarowania woda.

Trzeci aspekt — to zagrozenia, jakie stwarza woda dla czlowieka. Mozna
je podzieli¢ na trzy grupy: spowodowane przez nadmiar wody — powodzie; przez jej
niedobér - susze oraz przez wplyw wody na inne geofizyczne zjawiska, takie jak la-
winy blotne, skalne czy fale wywolane silnym wiatrem. Oméwione s3 nastepnie po-
jecia zagrozenia, katastrofy naturalnej, ograniczenia zagrozenia, zagadnienia etyki
w odniesieniu do katastrof naturalnych.

W konkluzji Autor podkresla réznorodnos¢ probleméw, jakie napotyka
pracownik naukowy zajmujacy si¢ woda. Sa one w kazdym aspekcie interesujace
z badawczego punktu widzenia. S jednak réwnie interesujace 1 wazne z punktu
widzenia badacza jako czlonka spoleczefistwa.
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Prof. James C. I. Dooge, doctor honoris causa is entering the assembly hall

Doktor honoris causa prof. James C. I. Dooge — wejscie do auli
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Profesor

Artur Wieczysty

Profesor Artur Wieczysty urodzit si¢ w 1929 r. we Lwowie. Burzliwe losy
wojenne rzucily Go do Krakowa, gdzie w 1955 r. ukonczyt studia wyzsze na Wydzia-
le Budownictwa Wodnego Politechniki Krakowskiej. Prace na Politechnice Krakow-
skiej rozpoczal w 1954 r. w Katedrze Budowy Zapor 1 Sifowni Wodnych. W 1961 r.
uzyskat stopien naukowy doktora nauk technicznych, a w 1968 r. — doktora habili-
towanego. 'Tytul naukowy profesora nadzwyczajnego otrzymat w 1980 r., a profeso-
ra zwyczajnego w 1988 r. W wieku 35 lat powierzono mu obowigzki kierownika Ka-
tedry Budowy Zapér 1 Sitowni Wodnych. Kierowat kolejno Zaktadem Ujec 1 Zaso-
bow Wody Podziemnej oraz Zaktadem Ujec 1 Transportu Wody. Nast¢pnie petnit
funkcje dyrektora Instytutu Inzynierii Sanitarnej i Ochrony Srodowiska
(1973-1981 oraz 1988-1991), kierownika Zakiadu Zaopatrzenia w Wode 1 Usuwa-
nia Sciekow (1962-1994), kierownika Katedry o tej samej nazwie (1994-2000),
prodziekana Wydziatu Inzynierii Sanitarnej 1 Wodnej (1970-1972), a nastepnie
dziekana tego Wydziatu przez pig¢ trzyletnich kadencji w okresie (1978-1995). Od
1978 do 2000 r. byl nieprzerwanie czlonkiem Senatu Akademickiego Politechniki
Krakowskiej.

Profesor A. Wieczysty polozyl ogromne zastugi dla uksztaltowania obec-
nej pozycji Wydzialu. Kiedy w 1978 r. rozpoczal swoja pierwsza kadencje¢ dziekan-
ska Wydziat byt jednokierunkowy (Budownictwo Wodne) 1 miat w swym skladzie
zaledwie 3 profesoréw. Kiedy konczyl swa ostatnia kadencj¢ (1995) Wydzial posia-
dal peine prawa akademickie 1 zatrudniat 10 profesoréw i 18 doktoroéw habilitowa-
nych oraz obejmowal swym profilem caly obszar inzynierii srodowiska. Wieloletnia
dzialalnos¢ na stanowisku dziekana zaowocowala dynamicznym rozwojem kadry
naukowej, uzyskaniem uprawnien habilitacyjnych, wykreowaniem obecnej pozycji
Wydzialu, co sprawilo, ze plasuje si¢ on w Scislej czolowce pokrewnych wydzialow
w kraju. Jako Senior Budowy Wydziatu w latach szescdziesigtych znacznie przyczy-
nit si¢ do powickszenia jego bazy lokalowe;.

Profesor byt wybitnym specjalist z zakresu inzynierii Srodowiska, znanym
1 wysoko cenionym w kraju 1 za granic. Jego zainteresowania naukowe s niezwykle
szerokie, a w szczegolnosci obejmuja hydrogeologie inzynierskg oraz systemy za-
opatrzenia w wode 1 usuwania Sciekow. W dziatalnosci naukowe; profesora wyraZnie
mozna wyrozni¢ dwa etapy. Pierwszy etap (1965-1978) zaznaczyl si¢ badaniami
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modelowymi i terenowymi zasobéw wod podziemnych i metod ich okreslania. Zna-
czacym ich rezultatem byt podrecznik akademicki: Hydrogeologia inzynierska. Stano-
wi on po dzi§ dzien podstawowe dzielo w zakresie teorii geofiltracji 1 jej zastosowan
w praktyce inzynierskiej. Dorobkiem naukowym Profesora na skale miedzynarodowa
s Jego prace badawcze poswigcone ocenie skutkow wplywu pigtrzenia rzek na tereny
przylegle. Profesor byl pomystodawcg 1 organizatorem cyklicznej migdzynarodowe;
konferencji: ,,Matematyczne modelowanie uje¢ wody podziemnej”. Drugi obszar
(1978-2000) obejmowal problematyke systeméw zaopatrzenia w wod¢ 1 usuwania
$ciekow. Ukoronowaniem tych dziatan bylo utworzenie przez Profesora ponadregional-
nej szkoly naukowej, ukierunkowanej na badania niezawodnosci i bezpieczefistwa tych
systemow. Obejmowata ona 21 wychowankéw profesora w pigciu osrodkach naukowych
kraju. Rezultatem prac badawczych tej szkoly sg liczne pierwsze, Swiatowe rozwigza-
nia dotyczace oceny i metod podnoszenia niezawodnosci tych technicznych systemow,
takze doktoraty 1 habilitacje. Z tego zakresu opublikowano 121 prac naukowych.

Lacznie dorobek publikacyjny Profesora obejmuje 238 prac naukowych
krajowych 1 zagranicznych, w tym 10 podrecznikow, 15 prac monograficznych oraz
8 norm PNB. Imponujace sg osiagniecia dydaktyczne Profesora A. Wieczystego,
ktory przez 45 lat prowadzit wyklady, ¢wiczenia, laboratoria 1 seminaria. Wypromo-
wal 16 doktoréw nauk technicznych, opracowal 68 recenzji doktorskich, habili-
tacyjnych i nominacyjnych. Potwierdzeniem autorytetu Profesora byl Jego
dwukrotny wybor na czlonka Centralnej Komisji ds. Tytutu Naukowego 1 Stopni
Naukowych (1996-2002). Bardzo istotna dla rozwoju nauki byla Jego dzialalnos¢
w krajowych 1 zagranicznych instytucjach naukowych. Byl wieloletnim czionkiem
Komitetu Inzynierii Ladowej 1 Wodnej PAN i1 Komitetu Gospodarki Wodnej PAN.
Zasiadal w wielu radach naukowych, radach redakcyjnych konferencji naukowych
krajowych 1 zagranicznych. Przez wiele lat byt czlonkiem International Water Asso-
ciation oraz czlonkiem The Science and Technology Foundation of Japan. Ponad-
to wspolpracowal z licznymi zagranicznymi oSrodkami naukowymi w Stanach
Zjednoczonych, Niemczech, Austrii, Rosji i na Ukrainie. Za wkiad w rozw6j wspot-
pracy naukowej z University of Texas otrzymat w 1985 r. godnos¢ Honorowego
Obywatela Miasta Austin. Bardzo znaczacy jest rowniez wkiad Profesora do prak-
tyki inzynierskiej. Wymieni¢ tu nalezy m.in. prace studialne 1 projektowe zwigzane
z zaopatrzeniem w wode wielu polskich miast (Krakéw, Poznan, Kielce, Bielsko-
-Biala, Rzeszow, Przemysl i1 inne) oraz przemysiu (Zaklady Azotowe w Tarnowie,
Rafineria Nafty ,Jedlicze”, Huta im T. Sendzimira i inne).

Mial ogromny udzial w uratowaniu Krakowa przed podtopnieniem wo-
dami podziemnymi, wywolanym spi¢trzeniem Wisly jazem w Dabiu. Byt projektan-
tem 1 weryfikatorem wielu zamierzen inwestycyjnych w zakresie inzynierii §rodo-
wiska. Posiadat uprawnienia Centralnego Urze¢du Geologii 1 rzeczoznawcy PZITS.
Otrzymal honorowg odznake Naczelnej Organizacji Technicznej za wybitne osia-
gniecia w dziedzinie techniki.

Za osiagniecia badawcze 1 prace naukowe Profesor A. Wieczysty zostat
wyrézniony jedenastoma nagrodami Ministra Nauki 1 Szkolnictwa Wyzszego 1 Mi-
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nistra Edukacji Narodowej. W 1985 r. zostat laureatem zespolowej Nagrody Miasta
Krakowa za wdrozony model matematyczny sieci wodociggowej, a w 2000 r. presti-
zowej nagrody AQUARIN, przyznawanej wybitnym tworcom prac naukowych ma-
jacych zastosowanie w praktyce inzynierskie;.

Za swa dzialalnos¢ otrzymat wiele odznaczen panstwowych, resortowych
1 regionalnych, m.in. Krzyz Oficerski Orderu Odrodzenia Polski (1996) oraz Me-
dal Komisji Edukacji Narodowej (1984).

Przedstawiajac sylwetk¢ Profesora Artura Wieczystego, nalezy wspo-
mnie¢ takze o Jego zainteresowaniach pozanaukowych. W przeszlosci czynnie
uprawial sport jako zawodnik pierwszoligowej druzyny koszykowki Klubu Sporto-
wego Cracovia. Odnosit liczne sukcesy w miedzynarodowych konkursach tanca to-
warzyskiego. Jako reprezentant Polski uczestniczyl wraz z zong Barbarg w mistrzo-
stwach §wiata 1 Europy (zdobywajac szesnastokrotnie mistrzostwo Polski). Intere-
sowal si¢ historig, zagadnieniami zwigzanymi z Lwowem 1 stosunkami polsko-
-ukraifiskimi.

Profesor cieszyl si¢ zasluzong opinig wybitnego uczonego, a takze dy-
daktyka, ktory wykreowat wiele karier naukowych. Jest uwazany za pierwszoplano-
wa postaé w inzynierii Srodowiska w Polsce. Jego nazwisko wigzane jest zawsze
z Politechnikg Krakowska, ktorej poswigcil cale swoje pracowite zycie.

Professor Artur Wieczysty

Professor Artur Wieczysty was born in Lvov in 1929. The turbulent
vicissitudes of the war years brought him to Cracow, where in 1955 he graduated
from the Faculty of Hydro-engineering at the Cracow University of Technology. He
started work at CUT in 1954 at the Chair of Water Dams and Power Stations
Construction. In 1961 he was conferred the degree of DSc, and in 1968 the degree
of PhD. He progressed through all the stages of the academic career. He was
granted the title of professor in 1980 to become full professor in 1988. At the age
of 35 he was appointed the head of the Chair of Water Dams and Power Stations
Construction. In subsequent years he held the post of the head of the Section of
Underground Water Intakes and Resources, and the post of the head of the Section
of Water Intakes and Transportation. Next he performed the duties of the director
of the Institute of Sanitary Engineering and Environmental Protection (1973-1981
and 1988-1991), the head of Section of Water Supply and Sewage Disposal
(1962-1994), the head of the Chair of the same name (1994-2000), vice-dean of
the Faculty of Sanitary and Water Engineering (1970-1972), to become dean of the
Faculty in 1978 and hold the post for five consecutive three year terms of office (in
the period 1978-1995). In the years 1978-2000 he was a member of the Academic
Senate of the Cracow University of Technology.

Professor Artur Wieczysty rendered immense services to the formation
of the present status of the Faculty. In 1978, when he began his first term of office

37



as dean, the Faculty ran only one degree course (hydro-engineering) with only
three professors on the staff. At the end of his final term of office (1995) the
Faculty had full academic rights and employed ten professors and eighteen PhD
holders, and its profile covered the complete area of environmental engineering.
Professor Wieczysty's activities as the dean of the Faculty succeeded in the dynamic
development of its research staff, obtaining the authorization to confer PhD
degree, achievement of the present status, which all places the Faculty among the
first ranks of the related faculties in the country. As the Faculty Development
Doyen in the 1960's he greatly contributed to the growth and improvement of the
Faculty premises.

Professor A. Wieczysty was an outstanding specialist in the field of
environmental engineering, known and highly valued both at home and abroad.
His extremely wide scientific interests were engineering hydro-geology, and water
supply systems and sewage disposal. In his research activities two areas can be
clearly distinguished. One of them (1965-1978) referred to model and site
investigation of underground water resources and methods of their determination.
An outstanding result was an academic handbook Engineering hydro-geology
which is still the basic work in the field of theory of geofiltration and its practical
applications in engineering practice. Professor's research on the effects of river
damming on the neighbouring areas is a contribution to science on the world
scale. He launched the idea and then organised a cyclic international conference
on “Mathematical modelling of underground waters”. The other area of Prof.
Wieczysty's scientific research (1978-2000) covers the problems of water supply
systems and sewage disposal. His activities were crowned with the formation of a
supraregional scientific school aiming at investigation of reliability and safety of
these systems. The school includes twenty-one disciples in five scientific centres
in Poland. The investigations run by the school resulted in original world-wide
solutions for assessment and methods of improving the reliability of these
technological systems. 121 research works have been published on the subject.

Prof. Wieczysty's publishing output covers the total of 238 scientific
works both in Poland and abroad, including 10 handbooks, 15 monographs and 8
Polish norms (PNB). Professor Wieczysty's teaching achievements are impressive.
For forty-five years he gave lectures, ran classes, seminars and laboratory training.
He supervised 16 DSc doctorates, wrote 68 DSc reviews, opinions for PhD and
nomination applications. His authority was confirmed by his re-election as
member of the Central Committee for Scientific Title and Scientific Degrees
(1999-2002). His involvement in Polish and foreign scientific institutions was
important for scientific development. For many years he was a member of the
Committee for Civil and Water Engineering of the Polish Academy of Sciences
(PAS) and the Committee for Water Economy, PAS. He was a member of
numerous scientific councils, editorial boards of home and foreign conferences.
For many years he was a member of the International Water Association and a
member of The Science and Technology Foundation of Japan. He also co-operated
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with numerous scientific centres in the USA, Germany, Austria, Russia and
Ukraine. For his contribution in the promotion of scientific co-operation with the
University of Texas he was credited in 1985 with the dignity of an Honorary Citizen
of the City of Austin, Texas, USA. Prof. Wieczysty's contribution in engineering
practice is also significant. This includes, among others, studies and projects
connected with water supply in many Polish towns (Cracow, Poznan, Kielce,
Bielsko-Biala, Rzeszow, Przemysl) and industry (Nitrogen Works in Tarnow,
Petroleum Refinery “Jedlicze”, T. Sendzimir Steel Works, to mention a few).

Prof. A. Wieczysty greatly contributed to protecting Cracow against un-
derground water-logging caused by damming the Wisla river by a weir in Dabie di-
strict. He was a designer and verifier of many investment projects in environment-
al engineering. He had the licence issued by the Central Office for Geology and
expert of the Polish Association of Sanitary Engineers. He was honoured by an
honorary badge of the Chief Technical Organization for outstanding achievements
in technology.

For his research achievements and scientific work Prof. A. Wieczysty was
awarded eleven times by the Minister for Science and Higher Education, and the
Minister for National Education. In 1985 he was the prize-winner of a team award
of the City of Cracow Award for the implemented mathematical model of a water
works network, in 2000 of a prestigious AQUARIN award presented to outstanding
creators of scientific works applicable in engineering practice.

For his activities Prof. A. Wieczysty was conferred numerous state hono-
urs as well as departmental and regional distinctions, Knight of Commander Cross
of the Polish Revival Order (1996) and Medal of the Commission for National Edu-
cation (1984), to quote only two.

Presenting Prof. Wieczysty's profile we must mention his interests out-
side the profession. He used to practice sports as a first league basketball team
player of the Cracovia Sports Club. He enjoyed numerous successes in internatio-
nal ballroom dancing competitions. As a Polish representative, together with his
wife Barbara, he entered the world and European championships (winning the
Polish championship sixteen times). He was also interested in history, issues
concerning Lvov and Polish-Ukrainian relations.

Professor A. Wieczysty enjoyed a deserved high opinion as a distingu-
ished scientist and teacher who promoted many scientific careers. He is consider-
ed the leading personage in environmental engineering in Poland. His name has
been and always will be associated with the Cracow University of Technology to
which he devoted all his diligent life.
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Artur Wieczysty

Magnificencjo! Panie Rektorze!
Wysoki Senacie, Szanowni Panstwo!

Kiedy Ojciec mdj odbieral wysokie odznaczenie miedzynarodowe
w dziedzinie kultury, a byl przeciez tylko nauczycielem tafica, powiedziat — Polsce
mozna stuzy¢ na kazdym stanowisku.

Mnie przypadl wielki zaszczyt, ze odbieram dzisiaj t¢ wielka, wartoscio-
wa godnos¢, ktorej cechg charakterystyczng jest oczywiscie honor. Honor, postawa
w zyciu... Nigdy nie spodziewalem si¢, ze takiej godnosci dostapi¢. Tym wigksza
jest moja rado$¢. 'Tym wigksza, ze w gronie Doktoréw Honoris Causa naszej Uczel-
ni, zwlaszcza pochodzacych z naszej Alma Mater, sg profesorowie najwigkszej mia-
ry. Znalazlem si¢ w tym gronie 1 jest to dla mnie wielkim zaszczytem.

Szanowni Panstwo! Droga czlowieka, praca czlowieka, jest wyznacznikiem
tego, kim on jest. Na pewno moge powiedzie¢ — bedac czlowiekiem skromnym - ze
bardzo duzo pracowalem. Moj obecny stan wzroku moze 1 z tego wynika. Nie bede
przedtuzal mojego wystapienia przed wykladem; powiem jedynie, ze zrobi¢ wszyst-
ko, co jest w mojej mocy, zeby jak najdtuzej by¢ zwigzanym z moja Uczelnia.

Ta Uczelnia jest moim jedynym — pierwszym i ostatnim miejscem pra-
cy. Mam tu przyjaciol, kolegéw, swoich uczniéw... Dostgpilem wielkiej godnosci,
za ktora bardzo Wysokiemu Senatowi 1 Jego Magnificencji dzigkuje.

Metody oceny i podnoszenia niezawodnosci
systemow zaopatrzenia w wode

Woda jest niezb¢dna do zycia. Nie jest przypadkiem, ze kiedy Swiat
wspolczesny szuka Sladéw zycia na innych planetach, szuka tam wody. Bo bez wo-
dy nie ma zycia — woda jest pozywieniem, warunkuje dzialanie przemystu 1 rolnic-
twa, umozliwia utrzymanie higieny, jest drogg komunikacyjna, lekarstwem, stano-
wi element krajobrazu — nie bed¢ dalej wymienial... Nie ma zycia bez wody. W dzi-
siejszej dobie staje si¢ coraz bardziej cenna. Prezydent Francji Jacques Chirac po-
wiedzial kiedys, ze wiek dwudziesty byt wiekiem ropy naftowe;j, a wiek XXI bedzie
wiekiem wody.

Na poczatku méwilem o wodzie jak o dobrodziejstwie, ale nie mozna
zapomnie¢, ze woda moze wywolywac kataklizmy 1 to nie tylko w skali makro, gdy
sg powodzie lub susze powodowane brakiem wody, lecz réwniez w skali mikro, gdy
lokalny wodocigg moze sta¢ si¢ no$nikiem powaznych zagrozen. Rozne mogg byé¢
tego przyczyny, np. awarie, ktére powoduja, ze wody nie ma, czy awarie, ktorych
skutki uboczne sg bardzo daleko idace, nieprzewidywalne. Przyktadowo, niedawno
pekla magistrala w Warszawie, podmyta torowisko kolei i Dworzec Centralny zostat
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calkowicie sparalizowany. Takich przypadkéw mogtbym wymieni¢ wiele, ale najgor-
sze, co nas moze czekac, to wyjatkowe, incydentalne zanieczyszczenia zrodet wody.
Rozwoj cywilizacji spowodowal, Ze cysternami przewozone s3 ogromne ilosci plyn-
nych srodkéw chemicznych wysoce niebezpiecznych lub produktéw ropy naftowe;,
a przy tym katastrofy drogowe sg teraz tak czeste... Gdybyscie Panstwo zajrzeli do
Internetu, to zobaczylibyScie, jaka jest waga takich zdarzen.

Zajmujac si¢ wodociggami 1 kanalizacja, patrzac na to wielkie zagroze-
nie, zainteresowalem si¢ niezawodno$cig — niezawodnoscig systemu zaopatrzenia
wwode. Stad tytul dzisiejszego wykladu jest nastepujacy: Metody oceny i podnosze-
nia niezawodnosci systemow aopatrzenia w wode. Kiedy zastanawialem si¢ jak
ten wyklad Panstwu przedstawié, to mialem zasadniczy problem: bo na sali mamy
wybitnych profesoréw techniki, dla ktérych zrozumienie tej problematyki bedzie
bardzo fatwe, ale jest bardzo wiele osob, ktore s3 humanistami, niektoérzy w ogole
nawet nie pracuja, jest tez moja Rodzina. Do nich chciatbym réwniez dotrzeé. Dla-
tego postaram si¢ méwi¢ w sposob prosty, zrozumialy dla wszystkich.

W zakresie tego wykiadu miesci¢ si¢ beda nast¢pujace tematy:
1. System zaopatrzenia w wodg, jego elementy oraz uwarunkowania techniczne.
2. Okreslenie niezawodnosci, bezpieczenstwa i ryzyka w odniesieniu do systemow
zaopatrzenia w wode.
3. Droga naszych badan — nasze dylematy i trudnosci.
4. Nasze osiaggnigcia.

Zaczng od okreslenia, co to jest ten system zaopatrzenia w wode. Po-
kaze¢ to na przykladzie Krakowa, tak bardzo mi bliskiego, cho¢ jestem Iwowianinem.
Na rysunku 1 pokazana jest kolorem niebieskim wstgga Wisly — az wstyd powie-
dzie¢, ze powinno si¢ ja narysowac kolorem czarnym. W §rodku znajduje si¢ obrys
naszego miasta. W tym systemie zaopatrzenia w wodg sa dwa zupetnie odr¢bne pod-
systemy. Jeden — to podsystem dostawy wo-

bucji wody (PsDyW). Podsystem dostawy <

wody dla Krakowa sklada si¢ z pi¢ciu ukfa-
dow zasilania w wode (UZW). Najwigkszym
jest uklad: Raba ze Zbiornikiem Dobczyc-
kim 1 z tranzytem ponad 20 km. Pozostate
ujecia opierajg si¢ na wodach rzek Rudawy,
Dtubni i Sanki oraz na podziemnym ujeciu
wody w Mistrzejowicach. Te zréznicowane
pod kazdym prawie wzgledem uklady zasila-
nia w wode lacznie tworza wiasnie podsys-

dy (PsDoW), a drugi - to podsystem dystry- Dlubnia{(

tem dostawy wody. Natomiast na podsystem e
dystrybucji skladaja si¢: sie¢ wodociagowa
w miescie oraz zbiorniki wody czystej. Rys. 1. SZW dla miasta Krakowa
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Jesliby na to spojrze¢ od strony technicznej, to popatrzcie Panstwo na
uproszczony profil wysokosciowy przedstawiony na rys. 2. W §rodku mamy miasto
(8), po lewe;j stronie zas rzeke, czyli Zrodlo wody (1), nast¢pnie uj¢cie wody, zaraz
obok jest studnia zbiorcza (2), ktora jest zarazem zbiornikiem czerpalnym dla
pompowni. Dalej mamy pompowni¢ niskiego ciSnienia (3), ktéra podnosi wodg
tak, zeby dostala si¢ do stacji uzdatniania wody (4). Uzdatnienie wody jest poka-
zane tylko w sposob symboliczny, ale tak naprawde, zaklad uzdatniania to wielka
fabryka, w ktorej jest wiele réznych urzadzen. Pézniej woda doplywa do kolejnych
zbiornikdéw (5) oraz (10), dokad jest podnoszona poprzez pompownie wysokiego
ci$nienia (6). I teraz, kiedy ludzie biorg malo wody, np. w nocy, woda plynie giow-
nie do zbiornika (10), a kiedy jest pobér bardzo duzy, to dostawa wody z pompow-
ni jest podobna, a brakujaca ilo$¢ wody jest uzupeiniana ze zbiornika.

—
PsDoW

Rys. 2. Profil wysokosciowy SZW

Na schemacie przedstawiono linie ciSnienia piezometrycznego. Dla nas
najwazniejsza jest w tej chwili linia (15), ktora si¢ zalamuje. Jest wowcezas taki od-
cinek (strefa) w Srodku miasta, w ktorym wartos¢ ciSnienia jest rowna zeru, to zna-
czy, Ze tam jest awaria 1 ze nie ma tam wody. A ta awaria jest zwigzana z zawodno-
$cig, czyli z czyms$ przeciwnym do niezawodnosci. Jak wigc Pafistwo widza, obiekty
wystepujace na schemacie SZW wspolpracuja ze soba, sa bardzo zréznicowane i to
zaréwno pod wzgledem spetnianych zadan, jak 1 pod wzgledem technologicznym.

W kolejnym kroku zdefiniuj¢ co to jest niezawodnos§¢ systemu. Otz
niezawodnos$¢ systemu zaopatrzenia w wode jest to jego wlasciwos¢, jego
zdolnos¢ do wypetniania funkcji dostarczania wody w dostatecznej ilosci, o odpo-
wiedniej jakosci, pod wymaganym ci$nieniem w kazdej dowolnej chwili, dogodne;
dla odbiorcow.
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Drugim pojeciem, ktore okazuje si¢ niezb¢dne, jest bezpieczefistwo.
Bezpieczenstwo jest to takze swego rodzaju spetnienie funkeji, ale z innego punk-
tu widzenia. Chodzi o takie funkcjonowanie systemu, ktore nie spowoduje wystapie-
nia powaznych zagrozef, zatru¢ czy nawet utraty zycia. Wodociag, ktéry dostarcza
nam t¢ wspanialg wode, w przypadku gdyby do sieci dostaly si¢ szkodliwe zanie-
czyszczenia staje si¢ niebezpieczny. Takie przypadki zdarzaly si¢ zarowno na calym
Swiecie, jak 1 w Polsce. Przyktadowo, przed kilku laty w miejscowosci Wiele, na pot-
nocy Polski, w sieci pojawil si¢ arszenik. Juz nie bede mowil, jak to si¢ stalo. Nikt na
szczeScie nie zginal, nikt si¢ nie zatrul, nikt si¢ ci¢zko nie rozchorowal — dzigki
spontanicznej 1 bardzo szybkiej akeji informacyjnej. Takie zdarzenia katastroficzne
wystepujg niezwykle rzadko. Dlatego zwigzany z tym brak informacji utrudnia ich
prognozowanie. Natomiast wigkszo$¢ przypadkow na konkretnym ujeciu wody to sa
zanieczyszczenia typowe, na ktore stacje uzdatniania wody zostaly zaprojektowane.
Dla takich mozna stworzy¢ odpowiednig baz¢ danych 1 j3 opracowywac.

I ostatnie pojecie, ktore jest najnowszym narze¢dziem w projektowaniu
— to ryzyko. Ryzyko jest po prostu miarg zagrozenia. I wobec tego moze by¢ repre-
zentowane albo przez prawdopodobienstwo pojawienia si¢ takich niebezpiecznych
zdarzen, albo przez powodowane straty, albo lacznie. Dzi§ Swiat projektuje, wyzna-
czajac ryzyko kazdego przedsigwzigcia i starajac si¢ je zmniejszy¢ do pewnego tzw.
akceptowalnego poziomu.

Kiedy 15 lat temu przystepowalem do prac nad opracowaniem modelu
niezawodnosci systemu zaopatrzenia w wodg¢, mialem przed sobg kilka dylematow.
Pierwszy dotyczyl problemu: czy tworzy¢ modele globalne typu ,,czarnej skrzynki”,
czy tez oparte na podejsciu systemowym. W takim globalnym modelu znane s3
wszystkie wejscia do systemu, to jest przyczyny i1 zagrozenia, ktére powoduja awa-
rie, oraz znane jest wyjscie z systemu, czyli znany jest stan wynikowy systemu. Jed-
nak samo wnetrze systemu, jego struktura nie s3 w ogole badane. Drugi dylemat
dotyczy! problemu: czy prace opiera¢ na rozwoju metod teoretycznych, czy ukie-
runkowac je na prowadzenie badan empirycznych. Trzeci dylemat zwiazany byt ze
stopniem szczegblowosci: na jakim poziomie dekompozycji systemu nalezy zakon-
czy¢ 1jakie parametry uwzgledniaé, aby uzyska¢ najlepsze wyniki.

Najpierw wybralem podej$cie systemowe, gdyz daje ono mozliwos¢ ba-
dania struktur elementéw systemu oddzielnie. Pozwala to na tworzenie modeli
czgstkowych, ktére nast¢gpnie mozna Iaczy¢. To podejScie wymaga jednak
uwzglednienia wszystkich uwarunkowan technicznych. Potem zdecydowaliSmy
si¢ pojs¢ rownoczesnie droga teoretyczng i1 droga empiryczng. PrzebadaliSmy
wiele obiektow, rozmaite ujecia wody, pompownie, przesyly czy zbiorniki wody.
Koszt byl bardzo duzy, jednak byta to najlepsza droga do zdobywania informacji
o uszkodzeniach, o wielkoSciach parametréw intensywnosci uszkodzen czy in-
tensywnosci odnow.

Kolejnym problemem bylo okreslenie, kiedy system jest sprawny, a kiedy
niesprawny. Sprawny to taki, w ktérym wszystkie odcinki sieci s3 sprawne — takie]
sytuacji praktycznie nigdy nie ma. System jest niesprawny wtedy, kiedy w szpitalach
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pojawiaja si¢ trudnosci z utrzymaniem czystosci 1 higieny, kiedy punkty zbiorowego
zywienia przestaja dziala¢, gdy warunki higieniczne gwaltownie si¢ pogarszaja. Ale
s jeszcze przypadki posrednie. W ich obrebie wyr6znilismy dwa przypadki: dopusz-
czalng awarig¢ 1 awari¢ szkodliwa. Ale te wszystkie progi sa plynne. Wobec tego przy-
jelismy, ze granice pomiedzy tymi przypadkami, czyli stanami systemu, sg zatarte.

I pierwsze co zrobiliSmy, to zaczeliSmy szukaé w literaturze Swiatowe;.
Doszedlem do wniosku, ze te prace, ktére w ogéle byly, a nie bylo ich zbyt wiele,
dotyczyly prostych obiektow dwustanowych 1 opieraly si¢ na prostych terminach.
Byly to: wskaznik gotowosci K, tzw. Sredni czas pracy mi¢dzy uszkodzeniami T},
$redni czas naprawy Ty, wskaznik gotowosci operacyjnej Ko. Byly tam metody jed-
noparametryczne, a pdzniej dwuparametryczne. Pierwsze, co zauwazylem, to ze
wynik dzialan matematycznych tych obliczen okresla prawdopodobiefistwo — my
mowimy — cz¢sto$¢ zdarzen. Natomiast nic nie wiemy o skutkach. Wobec tego od-
czulem i zrozumialem, ze w systemie zaopatrzenie w wode ta droga nie da si¢ da-
cyt wody (D), ktore powstaja wskutek awarii, byly to wszystkie rodzaje rezerw. Re-
zerwe moga stanowié np. objetosc wody surowej (Vy,,), dodatkowa objetos¢ wody
uzdatnionej (V). Moze to tez by¢ nadwyzka wydajnosci (40,) istniejgeych ukla-
dow zasilania w wode¢ (gdy projektujemy z taka nadwyzka wydajnosci albo tez jak
w Krakowie, gdy nagle spadlo zuzycie wody 1 ta nadwyzka sama si¢ ukazala). Wte-
dy oparli$my si¢ na uogolnionym wskazniku niezawodnosci K, ktéry zawieral in-
formacje zaréwno o prawdopodobienistwach, jak 1 o wszystkich negatywnych skut-
kach. Z innych miar mamy tu jeszcze ryzyko (R), mamy bezpieczernistwo (B).
A pdzniej zajalem si¢ jakoscig 1 wskaznikami niezawodnosci technologicznej. Taka
byta droga naszych badan teoretycznych. Reasumujac, zajeliSmy si¢ proble-
mem niezawodnosci iloSci wody, niezawodnosci jakosci wody i komfortu
sanitarnego.

Jezeli chodzi o jakos¢, to w krotkim czasie zorientowaliSmy si¢, ze klu-
czowg role odgrywaja tutaj technologie uzdatniania wody. Ale réwnoczes$nie bylem
Swiadomy, Ze sg takie zanieczyszczenia incydentalne, na ktore nie wszystkie
stacje uzdatniania wody beda mogly by¢ przygotowane. Nieprzygotowanie stacji
uzdatniania na takie sytuacje moze spowodowac utrat¢ bezpieczenstwa systemu.
Mozna zabezpieczy¢ si¢ na rézne realne zanieczyszczenia, aby bylo bardziej bez-
piecznie, ale koszty z tym zwigzane bylyby olbrzymie. Te ograniczenia ekonomicz-
ne udalo si¢ tutaj takze wykorzystac. Jesli chodzi o monitoring jakosci wody to,
krotko mowige, wprowadziliSmy trzy wazne pojecia: uklad wczesnego ostrzegania
(UWOs), uktad oposnionego ostrzegania (UOpOs) 1 uklad pognego ostrzegania
(UPOs). (Juz samo okreslenie ,,pdZnego ostrzegania” brzmi groznie). Na rysunku
3 wida¢ rzeke, ktorej wody ulegly niebezpiecznemu skazeniu. Grubg, czarng linig
oznaczono miejsca w systemie, do ktorych dotaria skazona woda 1 gdzie zostala wy-
kryta przez odpowiedni uklad ostrzegania. Jezeli taka woda dotrze np. do stacji
uzdatniania wody czy do rurociggéw przesylowych, to nalezy je opréznia¢, ptukac,
dezynfekowac. Oprocz duzych kosztéw skutkiem prowadzenia takich dzialan jest
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brak dostawy wody do miasta. Dzialania systemu pdZnego ostrzegania w pewnych
warunkach, zwlaszcza w malych miejscowosciach, moga by¢ realizowane poprzez
wysylanie radiowozow z megafonami 1 wzajemne ostrzeganie si¢ ludzi. Chodzi o to,
aby system zaopatrzenia w wode mial opracowane scenariusze dzialan, nawet na
najgrozniejsze sytuacje. Niestety, nie zawsze tak jest.

Na to, aby rozwiaza¢ calos¢ tego zagadnienia, tzn. aby okresli¢ nieza-
wodnos¢ systemu zaopatrzenia w wode, najpierw nalezaloby okresli¢ nieza-
wodnos$¢ uktadow zasilania w wode. Kazdy z tych ukladéw ma strukture sze-
regows, ale elementy tych ukladow maja skomplikowang wewnetrzng strukture
niezawodnos$ciows. I rézne moga by¢ metody wyznaczania i podnoszenia nieza-
wodnosci systemu.

Jesli chodzi o struktury niezawodnos$ciowe, to przedmiotem naszych
badan byly réznego typu obiekty:

1) ujecie wody powierzchniowe;,

2) ujecie wody podziemne;j,

3) pompownia wody,

4) przesyl wody,

5) zbiorniki wody (surowej 1 uzdatnionej),
6) sie¢ dystrybucj,

7) instalacje wewnetrzne,

8) monitoring jako$ci wody.

Jesli chodzi o metody wyznaczania niezawodnosci, to stosowaliSmy:
1) metody jednoparametryczne (przegladu, blokowania, analityczne),

2) metody dwuparametryczne (oparte na funkeji czesto$ci uszkodzen, na mini-
malnych przekrojach niesprawnosci, czy na drzewach uszkodzen),

3) metody oparte na wartoSci oczekiwanej niedoboru lub deficytu wody,

4) metody masowej obstugi,

5) metody Monte-Carlo.

Jesli chodzi o podnoszenie niezawodnosci, to oméwi¢ tylko dwa proste
przyklady.

Pierwszy przykiad — dotyczy studni nowej generacji. Jest to studnia
szybowa o duzej Srednicy, ze Srodka ktérej wychodza promieni$cie ulozone dre-
ny poziome. I teraz przykiad problemu: jak podnies¢ niezawodnos¢ takiego
obiektu. Sg dwie mozliwosci: albo projektujac obiekt, dodajemy w kazdym drenie
dodatkows dtugos¢, albo je po prostu rezerwujemy, wprowadzajac jeden czy dwa
dodatkowe dreny.

Drugi przyklad - dotyczy stosowania monitoringu. Jest to element, kto-
ry chcialbym obszerniej oméwi¢, bo on wlasciwie méwi o istocie problemu Na
rysunku 4 mamy rzeke wraz z ujeciem wody.
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3

Uktad wczesnego ostrzegania (zrodto wody)

4l
)

Uktad wczesnego ostrzegania (zrédio wody i przesyt wody surowej)

Uktad p6znego ostrzegania (przesyt wody uzdatnionej)

Uktad péznego ostrzegania (sie¢ wodociggowa)
Linie pogrubione wskazujg na zasieg niebezpiecznych skazen wody

Rys. 3. Monitoring jakoSci wody

46




Vsur dodatkowe zasilanie

Rys. 4. Stacja ostonowa SO oraz zbiornik wody surowej V,,,,
jako sposoby podniesienia niezawodnosci SZW

W przypadku gdy proby wody do analiz pobiera si¢ raz na dobg, istnieje
duze zagrozenie. Zagrozenie, jesli pomi¢dzy tymi rzadkimi analizami w rzece po-
jawi si¢ fala groznych, incydentalnych zanieczyszczen. Pewne oznaki skazenia rze-
ki — lawice martwych ryb, jaki§ dziwny kolor 1 spienienie wody, moga ujs$¢ naszemu
wzrokowi — zwlaszcza w nocy. Jezeli mamy monitoring 1 wigczona jest automatycz-
na stacja ostrzegania (SO), to wielokrotnie w ciggu doby s3 wyznaczane najwaz-
niejsze wskazniki jako$ci wody. Przekaz informacji z SO umozliwia podjecie decy-
zji o koniecznosci zamknigcia ujecia wody. Skutkiem bedzie brak wody, ale skazo-
na woda nie bedzie ujmowana. Dodatkowym sposobem podniesienia niezawodno-
§ci jest otwarty przeplywowy zbiornik wody surowej o objetosci V.. Nawet mala
ilo§¢ wymiany wystarczy, aby woda byla zawsze swieza. W sytuacji, w ktorej analizy
SO wykazaly zblizanie si¢ fali szkodliwych zanieczyszczef, nalezy zamkna¢ gléwne
ujecie wody 1 czerpac z tego zbiornika. Teoria niezawodnosci pozwala nam tak za-
projektowac potrzebng objetosc tego zbiornika (V,,), aby wystarczyla ona na prze-
widywany czas przeplywu fali zanieczyszczen.

Stosujac rozumowanie systemowe, przechodz¢ do podsysteméw syste-
mu zaopatrzenia w wode. Pierwszym z nich jest podsystem dostawy wody
(PsDoW). Wybierajgc droge budowy modeli czastkowych, opierajac si¢ na struktu-
rze niezawodno$ciowej i charakterze kazdego obiektu, potrafili§my wyznaczy¢ je-
go niezawodno$¢. W kolejnym etapie mozna bylo przystapi¢ do obliczania nieza-
wodnos$ci podsystemu dostawy wody. W tabeli 2 jest przedstawiony sposob prowa-
dzenia obliczen dla trzech ukladow zasilania w wode (dane zamieszczono w tab.1).

Dane:
UZW % K
Tabela 1. 1 <l SOSQn] 0,99
Dane do przykiladu wyznacza- 2 40 0,98
nia niezawodnosci PsDoW 3 35 (),97
Razem 130
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Tabela 2. Tabelaryczny sposéb wyznaczania niezawodnosci PsDoW

1 k 1 2 3 Pt 51 Ni Ni-Pi
[%Q0n] [%Qn] [%Qn]
1 0 1 1 1 0,941094 130 0 0
2 1 1 1 0 | 0,029106 95 5 0,14553
3 1 1 0 1 0,019206 90 10 0,19206
-+ 1 0 1 1 0,009506 75 25 0,23765
5 2 1 0 0 | 0,000594 55 45 0,02673
6 2 0 1 0 | 0,000294 40 60 0,01764
i 2 0 0 1 0,000194 35 65 0,01261
8 3 0 0 0 6E-06 0 100 0,0006
Razem 1 Razem 0,63282

1
E(N)=) Ni-Pi Ku=1-E(N)/Qn=0,9936718

i=1

W poziomych wierszach tabeli dotyczacej metody przegladu zupeinego
znajduja si¢ wszystkie mozliwe stany PsDoW, ktore wynikaja z uszkodzenia istnie-
jacych ukladéw zasilania w wod¢. Sg to przypadki, ze albo wszystkie UZW sg
sprawne, albo tylko jeden jest uszkodzony, albo dwa uszkodzone itd. Uwzglednio-
ne s3 wszystkie mozliwe kombinacje. Jesli ukladyjsq dwustanowe (sprawny, nie-
sprawny), to liczba mozliwych stanéw wynosi/ = 2 = 8. Dla kazdego stanu moze-
my wyznaczy¢ prawdopodobiefstwo jego zajscia (Pr) oraz niedobor (V7). Jesli
w systemie istnieje zbiornik wody czystej, to wyznaczamy deficyty. Wobec tego mo-
zemy obliczy¢ warto$¢ oczekiwang niedoboréw lub wartos¢ oczekiwana deficytu
wody. Warto$¢ oczekiwana niedoboru (deficytu) podzielona przez potrzeby w pew-
nym okresie czasu daje po prostu zawodno$¢. A jesli mamy zawodnos¢, to mamy
takze niezawodnos$¢. Te niezawodnos¢ ukladu zasilania w wode wyraziliSmy warto-
$cig uogdlnionego wskaznika niezawodnosci K,,, ktory zawiera w sobie 1 prawdopo-
dobienstwa, 1 skutki.

Pozostal jeszcze do omdéwienia podsystem dystrybucji wody
(PsDyW). Ten podsystem byl bardzo trudny do oceny pod wzgledem niezawodno-
$ci. Wiasciwie nie bylo zadnych modeli, my zbudowalismy dwa. Pierwszy model
opieral si¢ na metodzie hierarchicznej. ZakladaliSmy w nim awarie przewodow ma-
gistralnych, czyli tych, ktére maja wielkie Srednice. SzukaliSmy takich uszkodzen,
ktore pociagaja za sobg najwigksze szkody, najwigksze niedobory 1 ukiadalismy to
hierarchicznie. Obliczenia prowadzilismy podobnymi metodami jak poprzednio.
Bylo dla nas oczywiste, ze tu si¢ moga pojawi¢ bariery bardzo duzej liczby przypad-
kéw. Praktycznie rzecz biorae, uszkodzenia odcinkéw magistralnych sg niezalezne
od siebie. Mozna wigc bylo uwzglednia jedno, dwa lub trzy uszkodzenia, bo praw-
dopodobiefistwa zaj$cia wigkszej liczby takich zdarzen réwnoczes$nie s zaniedby-
walnie mafe. Drugi model opieral si¢ na wielowymiarowym rozkladzie Poissona.
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Zastosowanie go wymaga jednorodnosci. Przewody sieci majg zréznicowane Sred-
nice — przykladowo w Krakowie od 80 mm do 1200 mm. W zaleznosci od $rednicy
1 materiatu réznie si¢ uszkadzaja. Dlatego nalezalo prowadzi¢ obliczenia oddziel-
nie dla kazdego zakresu Srednic. Poniewaz srednie odleglosci pomiedzy dwiema
zasuwamli, ktore zamykamy podczas naprawy odcinka, sa podobne, wi¢c przyjeto
stale intensywnosci uszkodzen poszczegolnych odcinkéw w danej grupie. Laczac
modele dla wszystkich $rednic, otrzymano model dla calej sieci. Dzigki wielowy-
miarowemu rozkladowi Poissona doszli§my do bardzo praktycznej metody, dajace;
realistyczne wyniki. Ta metoda jest najnowsza — prezentowaliémy j3 w Brnie na
Miedzynarodowej Konferencji: ,,System Approach to Leakage Control and Water
Distribution Systems Management”.

No 1 dalej, 2najgc niezawodnosci tych dwoch podsystemow (tj. PsDoW,
PsDyW) potrafilismy wyznaczyc niezawodnosc systemu SZW. WykazaliSmy, ze
niezawodnos¢ systemu jest iloczynem tych dwoch warto$ci, sprawdziliSmy to jesz-
cze metodg przegladu zupelnego.

Wydawalo mi si¢, ze ta metoda jest juz kompletna, az w pewnym mo-
mencie zorientowalem si¢, ze przeciez jeszcze jest jedna trudno$¢ w ocenie nieza-
wodnos$ci badanego systemu, tj. zachowanie si¢ jego operatora — czlowieka, ktory
moze popelniac bledy. Czlowiek popelnia bledy. Nie moge tutaj (chcialbym zmie-
rza¢ ku koncowi) rozwing¢ tego watku. ZaczeliSmy od rozpoznania literatury. Oka-
zalo si¢, ze bardzo wiele w tym zakresie zrobiono — zwlaszcza dla celow wojskowo-
$ci 1 astronautyki. Rosjanie poszli droga niepraktyczng. Utworzyli katalog roznych
pozycji, w ktorych czlowiek pracuje. Ocenili zawodnos¢ pracy obstugi technicznej
w zalezno$ci od niewygody wynikajacej z pozycji. Inne wyniki uzyskano na Zacho-
dzie. Tam zainteresowano si¢ rodzajami biedow operatora przy pulpicie sterowni-
czym. Uwzgledniono w badaniach wielkoS¢ napisow, przyciskow oraz wielkosc
1 uklad Swiatelek sygnalizacyjnych. Dla wielu przypadkéw podano warto$ci wspol-
czynnikoéw niezawodnosci pracy dyspozytora. OparliSmy si¢ réwniez na innych ba-
daniach, np. wytrzymalosci czlowieka, zaleznosci wydajnosci jego pracy od czasu
pracy w ciggu dnia, od diugosci czasu jego aktywnosci zawodowej. Okazalo si¢, ze
istnieja zaleznosci pomig¢dzy tymi wlasciwoSciami a zawodnoscia czlowieka. W mo-
mencie, w ktorym uwzglednia si¢ czlowieka, rozpatrywany jest nie system tech-
niczny, lecz system biotechniczny.

Na koniec mogibym zadac¢ takie pytanie: co nam daje znajomo$¢ nieza-
wodnosci systemu? Po pierwsze: moze stanowi¢ kryterium wyboru przy poréwny-
waniu wariantow projektowych. Tutaj wybor jest najprostszy. Po drugie: moze ula-
twi¢ odpowiedZ na pytanie: czy 1 ewentualnie w jaki spos6b modernizowac system?
Ten problem wiaze si¢ z przyj¢ciem tzw. wymaganego poziomu niezawodnosci K,
dla systemu. Jest to poziom, ktéry mogiby by¢ traktowany, w cudzystowie, jako
»normatywny”. Znajac wartosci K, mogliémy sprawdzi¢ relacje: jesli wyliczona
przez nas warto$¢ niezawodnosci systemu jest wigksza od wymaganej wartosci, to
wszystko jest w porzadku; jesli jest mniejsza, to nie pozostaje nic innego, jak mo-
dernizowa¢ system w celu podniesienia jego niezawodnosci. Ale dzigki temu, ze
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wybrali$my droge strukturalng, mozna teraz wroci¢ do ukiadéw zasilania w wodg
1 szuka¢ najstabszych ogniw. Opracowali§my szereg scenariuszy podnoszenia nie-
zawodnosci (rys. 5).

Uzwz2 A

UzZwW3

J=1 Vgu=0 J>1 4Q, =

UZW2 ‘

R
ﬁﬁ)q UzZW3
J>1 4Q,>0 LZb > Mg, wl)
223 3z4 : IH

Rezerwy strukturalne SZW1 + SZW2

l> Kombinacja
metod

Modernizacja PsDyW

Rys. 5. Scenariusze metod podnoszenia niezawodnosci SZW
w odniesieniu do ilo§ci wody
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Typowa technologia

Sanitarna ochrona zlewni

D

2745 Sz

Rezerwy strukturalne

o

Nowoczesna technologia

Vsur dodatkowe zasilanie

Alternatywne technologie

Kombinacja
metod

Rys. 6. Scenariusze metod podnoszenia niezawodnosci SZW
w odniesieniu do jako$ci wody
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Objasnienia do rysunkéw:

Zasieg wody skazonej

Zrédto dody (rzeka) m=== W systemie zaopatrzenia
: w wode
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wyplyw wody X Stacja ostonowa
podziemnej na teren) (ostrzegawcza)

Ujecie wody = - - - Zdalny przekaz informacji
Pompownia : Punkt obserwacyjny
Stacja uzdatniania wody rai N

Zbiornik wody uzdatnionej . > ) Obszar ochrony sanitarnej
N

Zbiornik wody surowej

L B 0 Alternatywna technologia
Ujecie wody ze zbiornika uzdatniania wody
wody surowej

Rurociag Struktura
niezawodnos$ciowa

obiektu
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Méwiac najproSciej, niezawodno§¢ mozemy podnosi¢ przez wymiang
elementow na bardziej niezawodne oraz przez rezerwowanie. W odniesieniu do ja-
koSci problem byl ten sam (rys. 6). W rezultacie opracowalismy wiele podobnych
scenariuszy 1 mozliwosci zmniejszenia zagrozen w systemie.

Chcialbym wyraznie si¢ zastrzec, zZe nie zajmowalem si¢ niezawodnoscia
konstrukeji, tylko niezawodnoscia funkcjonowania. To jest specyficzne, praktyczne
podejscie, gdyz przy projektowaniu s3 nam potrzebne wiasnie takie informacje.
ZajmowaliSmy si¢ rowniez bezpieczenstwem i ryzykiem. OpublikowaliSmy pewne
prace, ale musz¢ podkresli¢, ze Pan Prof. Kempa jako pierwszy zajat si¢ ryzykiem.
Generalnie rzecz ujmujac — zamiast metod jedno-, ewentualnie dwuparametrycz-
nych stosowaliSmy metody tréjparametryczne i czteroparametryczne, co bardzo
rozszerzylo zakres informacji o systemie.

Podsumowujac — co uwazam za najwazniejsze?

Po pierwsze — na pewno to, ze stworzyliSmy wspanialy zespol, rodzily si¢
doktoraty, habilitacje. Jest zapal, ludzie chcg pracowac, i cho¢ s3 w réznych jed-
nostkach, to mamy staly kontakt. To jest przyjemnos¢, to jest sukces, o czym mo-
ge powiedzie¢ z duzg satysfakeja.

Po drugie - to jest to, co osiggnelismy. Efektem prac jest kilkanascie mo-
nografii, ponad dwadzieScia artykuléw przedstawionych na migdzynarodowych
konferencjach, kilka doktoratow 1 kilkadziesiat artykuléw opublikowanych w kraju.
Nie bede ocenial czy te prace sg dobre, czy zle. To nalezy do krytykow. Ale bez fat-
szywej skromnosci moge powiedzieé, ze na pewno takich calo$ciowych modeli nikt
nie opracowywal. StworzyliSmy catkowicie oryginalne metody badania niezawodno-
$ci SZW. Na nich opierajg si¢ praktyczne metody projektowania. I musze¢ dodac, ze
im dluzej pracowalem, im wiecej wiedzialem, tym czuje si¢ skromniejszy i tym
ostrozniej patrz¢ na uzyskane rezultaty. Ta praca nie jest zakonczona; i tak jak kaz-
da praca nie zostanie ukoniczona nigdy. Ale jest to jaki$ krok do przodu.
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I wreszcie — co dalej? Jezeli wzrok mi pozwoli, to cheiatbym pracowac da-
lej nad systemem kanalizacyjnym. On jest trudniejszy, bo pojawiajg si¢ w nim jesz-
cze dodatkowe problemy hydrologiczne. Juz pewne prace z tego zakresu zostaly
opracowane 1 opublikowane, ale to jest zadanie na nastepne kilkanascie lat.

Takie prace dotyczace niezawodnosci 1 bezpieczefistwa systemu zaopa-
trzenia w wode, czy systemu kanalizacji, sg bardzo potrzebne. Zawsze bedg istnia-
ly rézne zagrozenia, np. wynikajace z rozwoju cywilizacji. Droga zabezpieczania
si¢ przed nimi poprzez okreslanie niezawodnosci, bezpieczefistwa i ryzyka jest na
pewno droga wlasciwa.

Bardzo dzigkuje Panstwu za uwage



Methods of Assessment and Improvement of Water
Supply Systems Reliability

Summary

The research carried for over fifteen years has resulted in the
formulation of theoretical bases for measurable assessment of functional
reliability, safety and risk of water supply systems, and their objects and
installations. The new methods, in a systems approach, include the random
character of various phenomena occurring in the system.

During the research works many types and structures of various water
supply objects were examined. Partial models were devised of objects such as
surface and underground water intakes, water pumping stations, water transfer,
crude and treated water reservoirs, distribution network, internal water supply
installations, water quality monitoring, human factor - an element of a biotechnical
system. Moreover, besides the operating and malfunction states valid so far,
intermediate states, i.e. allowable failure and hazardous failure states were
introduced. Another achievement was the introduction and practical
implementation of a number of new, resulting from the specific nature of water
supply systems, measures of water supply objects reliability. The measures can be
determined by means of certain methods allowing a one-, two-, three- or four-
parameter assessment of the system.

The knowledge of reliability can be a selection criterion for evaluation of
design alternative variants that meet all the technological requirements. It can
facilitate the answer to the question whether/and how the system should be
modernised. The decision making should be based on the comparison of the
introduced required reliability level and the actual reliability of the given system.

Finally, Prof. A. Wieczysty's most important success was the formation of
a research team consisting of members from various R&D institutions from all
over the country. The team has worked out completely original methods of
assessment of water supply systems reliability, as well as a most comprehensive
bibliography. These methods are a basis for practical methods of design and
assessment of water supply objects reliability. The development of adequate
methods is the proper way of providing protection against many hazards that result
from the civilisation progress.
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Doktor honoris causa prof. Artur Wieczysty

Prof. Artur Wieczysty, doctor honoris causa

Rozpoczecie uroczystosci — od
doktor honoris causa prof. Artur I
prof. Jan Kmita, prof. Michat Zy

prof. Wiadystaw Mu

prof. Roman (

Opening ceremony — from right:

Prof. Artur Wieczysty, doctor honoris causa,
Prof. Jan Kmita, Prof. Michal Zyczkowski,
Prof. Wiadystaw Muszyriski,

Prof. Roman Ciesielski




Nadanie godnosci doktora honoris causa prof. Arturow: Wieczystemu
przez JM Rektora prof. Kazimierza Flage
Prof. Artur Wieczysty is conferred the title of doctor honoris causa
by Prof. Kazimierz Flaga, the Rector

Stuba Communis — gratulacje

Stuba Communis — congratulations
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Stuba Communis — gratulacje

Stuba Communis — congratulations

Doktor honoris causa p - Wieczysty 1 prof. Kazimierz Furtak — pod tablicq pamigtkowq

Prof. Artur Wieczysty, doctor honoris causa and Prof. Kazimierz Furtak by the commemorative plaque
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Professor

John Tinsley Oden

Professor John Tinsley Oden was born in 1936. In 1959 he obtained his
BSc in Civil Engineering from Louisiana State University. He earned the MSc in
Civil Engineering in 1960 and the PhD in Engineering Mechanics in 1962 at Okla-
homa State University. He has held visiting professor positions at other universi-
ties in the USA, England, and Brazil. Presently he holds the Cockrell Family Re-
gents' Chair #2 in Engineering at the University of Texas at Austin; he is founder
and Director of the Texas Institute for Computational and Applied Mathematics.

Professor J.T. Oden is a world recognized authority in the broad field of
computational mechanics including solid and fluid mechanics as well as structural
mechanics. His special field of interest was and is the finite element method, its
mathematical foundations, with emphasis on error analysis and adaptive appro-
aches. His current research involves the development, analysis, and implement-
ation of new adaptive-control strategies in computational mechanics and draws
from several disciplines, including acoustics, the theory of partial differential
equations, numerical analysis with emphasis on a'priori and a'posteriori error estima-
tions, and meshless methods. Application areas of special interest are microme-
chanics of composite materials, computational fluid dynamics, computational
structural acoustics, contact and friction in solid mechanics.

Professor ].T. Oden has authored or co-authored 24 books and 54 book
chapters on computational mechanics, applied mechanics, variational methods,
and first of all, on the finite element method. His treatise, Finite Elements on
Nonlinear Continua (1972) was translated into Russian (1976), Japanese (1980),
and Chinese (1981). He co-authored the fundamental six volume series, Finite
Elements (1981-1986). He has compiled, edited and co-edited 25 other volumes
in these areas, as well as has authored or co-authored 250 journal publications
completed by 115 papers in conference proceedings, 210 technical reports, and 284
invited oral presentations delivered in variety of places throughout the world.

Professor ]J.T. Oden serves on the editorial board of twenty international
journals including the posts of a US Editor of “Computer Methods in Applied Me-
chanics and Engineering”, and Associate Editor of the “International Journal of
Engineering Science”. He is an editor of the series “Finite Elements in Flow Pro-
blems” and of “Computational Methods in Nonlinear Mechanics”.
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Professor J.T. Oden is a Member of the US National Academy of Engi-
neering, a Fellow and a former President of the American Academy of Mechanics,
and the Society of Engineering Science, as well as a Follow of the American Socie-
ty of Mechanical Engineers, the American Society of Civil Engineers Science, and
the British Institute for Mathematics and its Applications. He is a Founding Mem-
ber and a former President of both the International Association for Computation-
al Mechanics, and the US Association. He served as Chairman of the Executive
Committee of the Engineering Mechanics Division of the ASCE and as Chairman
of the US National Committee on Theoretical and Applied Mechanics.

His research achievements and activity brought him a variety of both na-
tional and international honour awards including the titles of Honorary Doctor of
Science conferred by the Technical University of Lisbon and the Faculte de Poly-
technique de Mons in Belgium.

Well known is his co-operation with young researchers arriving from
many countries to work with him. He supervised 31 MSc, 39 PhD degrees, as well
as many Post-Doctoral Research Fellows.

His longtime research co-operation (1979-present) with numerous
young scientists coming to Austin from the Cracow University of Technology
needs stressing here. Results of this co-operation include one full professorship,
3 completed “habilitations” and two PhD degrees, as well as 34 scientific journal
publications, 33 technical reports, one book and five co-authored chapters publi-
shed, and 6 other books edited. This co-operation is still in progress.

Profesor John Tinsley Oden

Profesor John Tinsley Oden urodzit si¢ w 1936 r. Studia inzynierskie na
kierunku Inzynieria Ladowa ukoniczyt na Uniwersytecie Stanowym w Luizjanie
(1959), za$ studia magisterskie na Uniwersytecie Stanowym w Oklahomie (1960).
Na tym samym Uniwersytecie uzyskal stopien doktora w dziedzinie mechaniki
(1962). Jako ,visiting” profesor pracowat na kilku innych uniwersytetach: w USA,
Anglii 1 Brazylii. Obecnie pracuje jako profesor na Uniwersytecie Teksas w Austin
majac ,,Cockrell Family Regents' Chair in Engineering #2” na Wydziale Inzynierii.
Jest zalozycielem 1 dyrektorem TICAM - Teksanskiego Instytutu Matematyki
Komputerowej i Stosowanej na tym Uniwersytecie.

Profesor ].T. Oden jest Swiatowej rangi autorytetem w dziedzinie szero-
ko pojetej mechaniki komputerowej, mechaniki ciala stalego i mechaniki ptynéw,
a takze mechaniki konstrukeji. Swoje gléwne zainteresowania skierowal na metode
elementow skoficzonych, a zwlaszcza na jej matematyczne podstawy, analize bledow
1 podejscie adaptacyjne. Jego aktualne prace badawcze s3 poswigcone rozwijaniu
analizy 1 komputerowe;j realizacji strategii adaptacyjnego sterowania w mechanice
komputerowej. Obejmuja one takze akustyke, teori¢ réwnan rozniczkowych czast-
kowych, analiz¢ numeryczng ze szczegélnym uwzglednieniem estymacji bledow
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a'priori 1 a'posteriori oraz metody bezsiatkowe. Zastosowania tych prac obejmuja
mikromechanike, kompozyty, dynamike plynéw, zagadnienia obliczeniowe akustyki
konstrukeji oraz problemy ksztattu i tarcia w mechanice ciala stalego.

Profesor ]J.T. Oden jest autorem lub wspétautorem 24 monografii oraz
54 rozdzialow w innych monografiach. Sg to dzieta z zakresu mechaniki kompute-
rowej, matematyki stosowanej, metod wariacyjnych, a przede wszystkim metody
elementdw skonczonych. Jego monografia o nieliniowej mechanice osrodka ciagle-
go (1972) zostala przetlumaczona na jezyk rosyjski (1976), japoniski (1980) oraz
chinski (1981). Jest wspotautorem fundamentalnego, szesciotomowego dziela na
temat metody elementéw skonczonych (1981-1986). Pracowat jako redaktor lub
wspdlredaktor 25 monografii z powyzszej tematyki. Jest autorem lub wspétautorem
250 artykulow publikowanych w czasopismach naukowych oraz 115 w materiatach
konferencji naukowych, 210 raportéw z prac badawczych oraz 284 referatow wygta-
szanych na zaproszenie rozmaitych instytucji.

Profesor jest czlonkiem redakeji dwudziestu migdzynarodowych czaso-
pism naukowych oraz redaktorem naczelnym czasopisma ,,Computer Methods in
Applied Mechanics and Engineering” 1 wspéiredaktorem ,International Journal of
Engineering Science”. Jest rowniez redaktorem serii ,Finite Elements in Flow
Problems” i ,,Computational Methods in Nonlinear Mechanics”.

Profesor Oden, byly czlonek US National Academy of Engineering i by-
ly przewodniczgcy, a obecnie czlonek American Academy of Mechanics oraz Socie-
ty of Engineering Science jest réwniez czlonkiem stowarzyszen American Society
of Mechanical Engineering, American Society of Civil Engineering oraz British
Institute for Mathematics and Its Applications. Byt zalozycielem 1 przewodnicza-
cym miedzynarodowego stowarzyszenia International Association for Comput-
ational Mechanics oraz jego amerykanskiego oddziatu; przewodniczacym zarzadu
stowarzyszenia Engineering Mechanics Divisions of the ASCE oraz US National
Committee on Theoretical and Applied Mechanics.

Osiggniecia naukowe 1 aktywno$¢ przyniosly mu bardzo liczne honoro-
we nagrody 1 wyr6znienia, tak amerykanskie, jak 1 mi¢dzynarodowe, w tym dokto-
raty honorowe Uniwersytetu w Lizbonie 1 Wydzialow Politechnicznych w Mons
w Belgii.

Dobrze znana jest wspoipraca naukowa Profesora z mlodymi badaczami
przybywajacymi z wielu krajéw, aby pracowa¢ pod Jego kierunkiem. Byt promoto-
rem 31 prac magisterskich, 39 ukoficzonych przewodéw doktorskich. Sprawowat
opieke naukowg nad wieloma stazystami-doktorami. Nalezy tu podkresli¢ Jego wie-
loletnig (od 1979 r. do chwili obecnej) wspdiprace naukows z Politechnikg Krakow-
ska. Rezultatami jej s3 m.in.: 1 tytul profesorski, 3 ukonczone przewody habilita-
cyjne i 2 doktoraty, wspolne publikacje prac badawczych w czasopismach nauko-
wych (34) oraz raportow (33), wspotautorstwo jednej monografii oraz pigciu roz-
dzialéw w innych monografiach, a takze wspélna redakcja szesciu innych monogra-
fii. Wspotpraca ta jest nadal rozwijana.
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John Tinsley Oden

The Promise of Computational Engineering
and Science: Will it be kept?

1. The Promise

Computational engineering and science, the discipline concerned with
the use of computational methods and devices to simulate physical events and en-
gineering systems, is being heralded as one of the most important developments
in recorded history. Computation is now viewed as a new pillar of science, standing
beside the classical pillars of theory and observation, as a fundamental underpin-
ning of scientific inquiry and a new component of the scientific method. It has cre-
ated a revolution in engineering, dramatically expanding the scope and fidelity of
engineering analysis and design. It has enabled the study and prediction of a my-
riad of events, including the behaviour of aircraft, ships, automobiles, trains, and
space vehicles; of electrical circuits, computer chips, waveguides, and antennas; of
machine parts, piping systems oil reservoirs, submicron. devices, semiconductors;
of galaxies, supernova, black holes; of biological and biomedical systems, blood
flow, of cellular structures; of ocean currents, geological events, the atmosphere
and weather; every conceivable product in modern technology and all natural phe-
nomena in the physical universe. It will thus impact virtually every aspect of human
life, our health, communication, security, transportation, and quality of life and it
will open vistas not available before to the human species. This is the great promi-
se of computational engineering and science.

2. Keeping the Promise
Will this promise be kept?

An immediate answer is that the fulfilment of the great promise has the
potential of being met at various levels: at the lowest, computational science will
provide very qualitative information on certain events, useful, but not to be com-
pletely trusted as an alternative to more traditional approaches, testing and physic-
al experiments. At the highest level, it will displace countless laboratory tests and
will be a major factor in making decisions that affect human life and well-being, in
making possible great advancements in technology, and in furthering our under-
standing of the physical universe.

Which level is achieved depends upon two factors: first and most impor-
tant is reliability, the measure of confidence that can be assigned to computer
simulations — their accuracy and the perseverance of quality of predictions of
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behaviour under numerous parameter changes. Second, the level achieved will
obviously depends upon the continued development and advancement of the
subject itself and its tools of implementation. This embodies the perpetual enrich-
ment and expansion of the mathematical theories and methods of science and
engineering, on the mathematics of approximation and numerical analysis, on
algorithms, data structures, architecture, on enabling computer science technolog-
ies, and, fundamentally, upon the continued development of computers and com-
putational devices capable of treating problems of increasing size and complexity.
Yet, the great promise will not be fulfilled by simply developing larger and faster
computers — these are of limited value if the simulations themselves are unreliable.

3. Dissecting Reliability

What does reliability of computational results mean and what factors
affect it? A fact that must be understood that all computer simulations are im-
perfect and are, in a sense, wrong. They must be based on imperfect characteri-
stics of nature and they contain inherent error due to the necessary rendering of
these characterizations to discrete forms manageable by digital computers.
Thus, reliability has to do with how much these inherent errors can be quanti-
fied and controlled: Reliability, in a real sense, should be quantifiable; it may be
measured in terms of the probability that a predicted event will be actually ob-
served in the real world. Reliability may thus be understood in the following way:
given data defining a model of an event of interest, this data itself being available
only in some statistical form, determine the probability or level of uncertainty of
the computed outcome, its variances and confidence bounds. These provide
a measure of reliability. If all data is assumed to be deterministic, then reliability
reduces to a measure of the accuracy of the computed prediction; that is, the
difference between the computed outcome and what is perceived to be reality
based on observations, including experiments, of the natural events, the error
being measured in some appropriate manner.

The reliability of a computer prediction depends upon three basic fac-
tors: 1) the particular goal or goals of the simulation; 2) the mathematical model
used to depict the phenomena of interest, and 3) the accuracy with which the mo-
del is solved. Mathematical models are the abstractions of reality characterized by
mathematical formulas and operations designed to communicate and represent
theories of natural events and engineering systems. Centuries of research have
provided a plethora of such models, many with remarkable richness and predictive
value that depict certain phenomena with amazing accuracy. They provide the lan-
guage of science; they provide the vehicle with which precision is given to theory
and to the mental processes used to establish and perpetuate what is known in
science and engineering. Different mathematical models may be used to charac-
terize different events, and the selection of a model is unquestionably the most
important and primitive step in the entire process of computer simulation. The
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selection is traditionally the responsibility of the analyst and is based on exper-
ience, judgement, empirical evidence, trial and error.

The process of determining whether a selected model is appropriate for
a particular computational goal is called validation. It is, in general, a physical
process, often requiring careful laboratory experiments, testing of components of
the theory, observations of natural events, imaging, and other observational modal-
ities. Validation may also have a mathematical side: is the model mathematically
well posed? Does it involve parameters that admit to experimental determination?
Are these determined values reproducible in a series of experiments? Is this mod-
el, in other words, stable with respect to changes in the parameters that character-
ize it? Also, validation is fundamentally a statistical process. The underlying para-
meters defining a model can only be determined within certain bounds and are
thus dependent on random variables. It is in this sense that the ultimate predic-
tions of the model are themselves random events and can only be interpreted
within some probabilistic sense. Validation stands as a process crucial to the success
of computer simulation. Advances in validation will be necessary if the great pro-
mise of computational engineering and science is to be fulfilled.

Once a goal of computations has been identified and a mathematical
model is selected and validated to the satisfaction of the analyst, the reliability of
the computation is still far from assured. Next comes the third component of re-
liability: the degree with which the model selected is solved correctly. This step is
called verification. Verification is essentially a mathematical subject embracing
approximation theories, numerical analysis, and, to many practitioners, software
engineering, the technology dealing with the production of reliable software. How-
ever, verification is not totally concerned with the computational model - the
discretized or digitalized version of the basic mathematical abstractions, although
the fidelity of the computation is viewed as a verification concern by some analy-
sts. It is, as defined above, a discipline aimed at determining if the mathematical
model has been reliably solved. It too must necessarily deal with error, as the
computer is incapable of delivering results which exactly agree with the solution
provided by the model. But even if the computational model is solved with infini-
te precision, the results may be unrelated to those predictable by the mathematic-
al model. The goal of verification is to quantify, control, and, when possible,
minimize the approximation error, that is, the difference between the possible
predictions of the model and the computed predictions.

Thus, the great promise of computational engineering and science de-
pends upon the reliability of computer simulation which in turn depends upon the
assessment and control of errors inevitable in the computational process — model-
ling errors due to the impossibility of capturing all of nature with mathematical
abstraction and approximation error due to the impossibility of solving exactly the
mathematical models of science and engineering. The level which the subject can
ultimately attain depends upon how well these intrinsic errors can be measured,
estimated, controlled, and minimized.
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4. Computation as a Pillar of Science

Computational engineering and science is no more independent of the-
ory and experiment than is a successful scientific theory independent of observa-
tion. The highest levels of achievement and value will be attained only through an
ambitious, aggressive program of research that intermingles all components of
computer simulations that affect reliability. This suggests that testing, observ-
ations, and computation must be ultimately integrated into some unified effort
that can dynamically assess error, and make changes in the modelling and the
computation to control it. Already, primitive versions of such systems exist in we-
ather prediction and in other areas. These issues represent challenging but very
worthwhile goals for science and engineering. Any progress toward meeting them
will move us closer to fulfilling the great promise at the highest level.



Obietnica nauki i inzynierii obliczeniowej:
Czy zostanie dotrzymana?

Ttumaczenie
1. Obietnica

Nauka 1 inzynieria obliczeniowa, dyscyplina parajaca si¢ zastosowaniem
metod 1 narzedzi obliczeniowych do symulacji zjawisk fizycznych 1 systemow inzy-
nierskich, jest zaliczana do najwazniejszych osiagnie¢ w historii. Obliczenia sa
obecnie traktowane jako nowy fundament nauki, na réwni z klasycznymi funda-
mentami teorii 1 obserwacji, jako zasadnicza podpora badafn naukowych 1 nowy ele-
ment naukowej metody. Spowodowaly one rewolucyjne przemiany w inzynierii,
ogromnie poszerzajac zakres 1 dokladnos¢ inzynierskiej analizy i projektowania.
Umozliwily badanie i1 przewidywanie miliardow zjawisk, takich jak: zachowanie sa-
molotow, statkow, samochodow, pociagéw 1 pojazdéw kosmicznych; obwodow elek-
trycznych, uktadow scalonych, falowodow 1 anten; cz¢Sci maszyn, rurociggdw, z16z
ropy naftowej, urzadzen submikronowych, polprzewodnikow; galaktyk, superno-
wych, czarnych dziur; ukladéw biologicznych i biomedycznych, przeptywu krwi,
struktur komérkowych; pradéw oceanicznych, zjawisk geologicznych, atmosfery
1 pogody, kazdego wyobrazalnego produktu nowoczesnej technologii 1 kazdego zja-
wiska przyrody w §wiecie fizycznym. W ten sposob wycisng swoje pi¢tno na kazdej
dziedzinie ludzkiego zycia, naszym zdrowiu, wymianie informacji, bezpieczen-
stwie, zdolnosci przemieszczania si¢ 1 jakoSci zycia, otwierajac nowe mozliwosci,
nigdy wezesniej nie dostgpne rodzajowi ludzkiemu. To jest wielka obietnica nauki
1 inzynierii obliczeniowe;.

2. Dotrzymujac stfowa
Czy obietnica ta moze zosta¢ dotrzymana?

Bezposrednia odpowiedZ jest nastgpujaca: wypelnienie tej wielkiej
obietnicy moze by¢ dokonane na réznych poziomach: na najnizszym - nauka obli-
czeniowa dostarczy bardzo jakoSciowej informacji o pewnych zjawiskach, przydat-
nej, ale niegodnej absolutnego zaufania, jako alternatywa bardziej tradycyjnych
sposobéw postepowania, testow 1 eksperymentow fizycznych. Na najwyzszym po-
ziomie — zastgpi niezliczone doswiadczenia laboratoryjne 1 bedzie gléwnym czyn-
nikiem w podejmowaniu decyzji majacych wplyw na ludzkie zycie i samopoczucie,
w umozliwieniu wielkiego postgpu w technologii i w pogl¢bianiu naszego zrozu-
mienia Swiata fizycznego.

To, ktory z poziomow zostanie osiggni¢ty zalezy od dwoch czynnikow:
pierwszego 1 najwazniejszego — wiarygodnosci, miary zaufania, ktére moze by¢
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pokiadane w wynikach symulacji komputerowych — ich dokiadnosci 1 utrzymywania
wysokiej jakosci przewidywanych zachowan pomimo zmiany wielu parametréw. Po
drugie - osiggniety poziom bedzie w sposob oczywisty zalezal od cigglego rozwoju
1 postepu samego przedmiotu i narzedzi jego zastosowania. To umozliwia ciagle
wzbogacanie 1 rozw0j metod i teorii matematycznych stosowanych w nauce i inzy-
nierii, podstaw matematycznych aproksymacji 1 analizy numerycznej, algorytmoéw,
struktur danych, architektury, technologii nauk komputerowych i, zasadniczo, cia-
gle zwigkszanie mozliwo$ci komputeréw 1 urzadzen obliczeniowych, ktore beda
w stanie upora¢ si¢ z problemami o rosngcych rozmiarach 1 poziomie skompliko-
wania. Pomimo to, wielka obietnica nie zostanie spelniona przez zwykle konstru-
owanie wigkszych 1 szybszych komputeréw — one maja ograniczong wartos¢, jesli
symulacje same w sobie nie s3 wiarygodne.

3. Analizujac wiarygodnosé

Co oznacza wiarygodnos¢ wynikéw obliczen 1 jakie czynniki majg na nig
wplyw? Faktem, ktory musi zosta zrozumiany jest to, ze wszystkie symulacje
komputerowe s3 niedoskonale i w pewnym sensie blgdne. Musza by¢ oparte na
niedoskonalym opisie natury i opatrzone s3 nieuniknionym bl¢dem wynikajacym
z koniecznoSci przedstawienia tego opisu w postaci dyskretnej, dost¢pne; dla
komputeréw cyfrowych. Tak wiec wiarygodno§¢ musi mie¢ do czynienia ze stop-
niem, w jakim te nieuniknione bledy moga by¢ kwantyfikowane 1 kontrolowane.
Wiarygodnos¢, w rzeczywistym sensie, powinna by¢ kwantyfikowalna; moze by¢
mierzona stopniem prawdopodobienstwa, ze przewidywane zjawisko bedzie mia-
to miejsce w Swiecie rzeczywistym. Wiarygodno§¢ moze wigc by¢ rozumiana w na-
stepujacy sposob: majac dane opisujace model interesujgcego nas zjawiska, gdy te
dane dostepne sg jedynie w postaci statystyk, nalezy oceni¢ prawdopodobienstwo,
lub poziom niepewnosci obliczonego efektu koncowego, jego wariancje i1 granice
zaufania. Te czynniki dostarczajg miary wiarygodnosci. Jezeli wszystkie dane ma-
ja charakter deterministyczny, wiarygodnos§¢ sprowadza si¢ do miary doktadnosci
obliczonego rozwigzania; to jest roznicy pomig¢dzy obliczonym wynikiem i tym, co
jest odbierane jako obiektywna rzeczywisto$¢ na podstawie obserwacji, wiaczajac
eksperymenty, naturalnych zjawisk, przy bledzie mierzonym w pewien wlasciwy
sposob.

Wiarygodno$¢ rozwigzania numerycznego zalezy od trzech podstawo-
wych czynnikéw: 1) konkretnego celu lub celéw symulacji, 2) modelu matematycz-
nego zastosowanego do opisu zjawisk bedacych przedmiotem zainteresowania,
3) doktadnosci, z jaka wyznaczono rozwigzanie modelu. Modele matematyczne sg
idealizacja rzeczywistoSci opisang przez wzory 1 dzialania matematyczne, majace na
celu przedstawienie 1 przekaz teorii dotyczacych zjawisk natury i obiektéw inzynier-
skich. Stulecia badafi dostarczyly mnéstwa takich modeli, w tym wielu zaskakuja-
cych bogactwem i zdolnoScig przewidywania, pozwalajaca na opisanie pewnych zja-
wisk ze zdumiewajaca dokladnoscia. To one stanowig jezyk nauki; dostarczaja Srod-
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ka za pomoca ktorego precyzowane s3 teoria i proces myslowy stosowany do ustana-
wiania oraz uwieczniania tego, co znane w nauce i inzynierii. Rozne modele mate-
matyczne moga by¢ uzywane do opisu réznych zjawisk 1 dobor modelu jest niewat-
pliwie najbardziej podstawowym oraz istotnym krokiem w calym procesie symulacji
komputerowej. Dobor ten, zgodnie z tradycja, jest dokonywany na odpowiedzialno$¢
badacza, na podstawie dos§wiadczenia, oceny, danych empirycznych, prob i biedow.

Proces oceny: czy wybrany model, ktory jest odpowiedni dla konkretne-
go celu obliczeniowego nazywa si¢ walidacjg. W ogdlnosci jest to proces fizyczny,
cz¢sto wymagajacy pieczolowitego przeprowadzenia badan laboratoryjnych, wery-
fikacji komponentow teorii, obserwacji zjawisk przyrody, obrazowania i innych spo-
sobow obserwacji. Walidacja moze roniez mie¢ stron¢ matematyczng: czy model
jest matematycznie dobrze postawiony? Czy zawiera parametry, ktore podlegaja
wyznaczeniu na drodze eksperymentu? Czy tak wyznaczone wartosci s3 powtarzal-
ne w serii eksperymentow? Innymi stowy — czy ten model jest stabilny ze wzgledu
na opisujace go parametry? A zatem walidacja jest, zasadniczo, procesem staty-
stycznym. Podstawowe parametry definiujace model moga by¢ wyznaczone jedynie
w pewnych granicach, czyli zaleza od zmiennych losowych. To wiasnie w tym sen-
sie ostateczne wyniki uzyskane dla modelu s zjawiskami losowymi 1 mogg by¢ in-
terpretowane w sensie probabilistycznym. Walidacja jawi si¢ procesem podstawo-
wym dla sukcesu symulacji komputerowe;j. Postepy w walidacji beda konieczne, je-
zeli wielka obietnica nauki 1 inzynierii obliczeniowej ma zosta¢ spelniona.

Nawet w chwili gdy cel obliczen zostal okreslony, model matematyczny
wybrany 1 dokonano jego walidacji, ku satysfakeji osoby prowadzacej obliczenia,
wiarygodnos§¢ wynikéw ciagle jeszcze nie zostala zapewniona. Teraz pojawia si¢
trzeci skladnik wiarygodnosci: stopien, do jakiego model zostal poprawnie rozwia-
zany. Ten etap nosi nazwe weryfikacji. Weryfikacja jest zasadniczo przedmiotem
rozwazaf matematycznych obejmujacych teori¢ aproksymacji, analiz¢ numeryczng
1, dla wielu praktykow, inzynierie oprogramowania, technologie prowadzacg do uzy-
skania niezawodnego oprogramowania. Jednakze weryfikacja nie jest zwigzana
wylacznie z modelem obliczeniowym — zdyskretyzowang lub cyfrowa wersjg pod-
stawowych abstrakeji matematycznych, chociaz wierno$¢ obliczen jest traktowana
jako pewien problem weryfikacji przez niektorych badaczy. Jest to, jak zdefiniowa-
no powyzej, dyscyplina ukierunkowana na stwierdzenie, czy model matematyczny
zostal rozwigzany w sposob wiarygodny. Rowniez ona, z koniecznosci, ma do czy-
nienia z bledem, jako ze komputer jest niezdolny do dostarczenia wynikéw, ktore
SciSle zgodza si¢ z rozwigzaniem okreslonym przez model. Jednakowoz, jezeli na-
wet model obliczeniowy zostanie rozwigzany z nieskonczong precyzja, wyniki mo-
ga odbiega¢ od przewidywalnych przez model matematyczny. Celem weryfikacji
jest kwantyfikacja, kontrola 1, jesli to mozliwe, minimalizacja biedu aproksymacji,
czyli réznicy pomig¢dzy mozliwymi wynikami modelu i wynikami obliczonymi.

Tak wigc wielka obietnica nauki 1 inzynierii obliczeniowe;j zalezy od wia-
rygodnos$ci symulacji komputerowej, ktora z kolei zalezy od oceny 1 kontroli bledéw
nieuniknionych w procesie obliczeniowym - biedow modelowania wynikajacych
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z niemoznosci uchwycenia opisu natury w calym jej bogactwie z matematyczng
abstrakcja 1 biedu aproksymacji wynikajacego z niemoznosci uzyskania Scislego
rozwigzania modeli matematycznych stosowanych w nauce 1 inzynierii. Poziom, na
jaki mozemy si¢ wznie$¢ ostatecznie zalezy od tego, jak dokladnie te wewnetrzne
biedy moga by¢ mierzone, szacowane, kontrolowane 1 minimalizowane.

4. Obliczenia jako fundament nauki

Nauka i inzynieria obliczeniowa zalezg od teorii i doswiadczenia w stop-
niu nie mniejszym niz poprawna teoria naukowa od obserwacji. Najwyzszy poziom
osiagni¢c 1 najwigksza wartoS¢ zostang osiggniete jedynie poprzez ambitny, agre-
sywny program badan, faczacy wszystkie komponenty symulacji komputerowej ma-
jace wplyw na wiarygodno$¢. Sugeruje to, ze testy, obserwacje 1 obliczenia musza
by¢ ostatecznie polaczone w jedng calos¢, w ktorej bedzie mozna dynamicznie sza-
cowa¢ blad oraz dokonywa¢ zmian w modelu 1 obliczeniach w celu utrzymania go
pod kontrola. Juz obecnie istnieja proste wersje takich systeméw w dziedzinie pro-
gnozowania pogody 1 w innych obszarach. Zagadnienia te przedstawiaja trudne, ale
warto$ciowe cele dla nauki 1 inzynierii. Jakikolwiek postep w kierunku ich osiggnie-
cia zblizy nas ku wypelnieniu wielkiej obietnicy na najwyzszym poziomie.

Ttumaczenie Michat Pazdanowski
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