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INNOVATIONS IN REGIONAL TASKS
OF WATER PROTECTION AND UTILIZATION

The effects and impacts of human activities on hydrosphere components are
in many countries the subject of scientific research activities mainly in those with
developed economy. Mutual exchange and confrontations of findings, methcdo-
logical approaches and especially application of scientific data in practical soluti-
ons are everywhere of great significance. This holds specially true in actions tha-
in their conceptions and processing contain progressive innovation elements.

In this sense the presented contribution deals with those topics in which na-
tional efforts can bring the best results on international scale. It is based on the
fact that the problem is of interdisciplinary character and essentialiy belongs
into the field of geography; additional scientific disciplines and application fields
act as supplementary components.

1. Initial stage

The first, mainly analytical stage of increased till harmful damage of the
hydrosphere components can be characterized as the period of the recording of
damages, evaluation of causes and sometimes also of withdrawing from them. One
of the important results of research activities in this stage is the differentiation of
three categories of effects and resulting disproportions:

1. Harmful impacts of components of the socioeconomic field on the hydro-
sphere and especially on utilized or effectively utilizable water resources.

2. Harmful impacts and unbalanced interactions inside the hydrosphere main-
ly in the interactions between water management sectors.

3. Harmful impacts manifesting themselves from the hydrosphere outside,
especially by the activities of water management on other natural, economic anl
social sectors.

The first group includes impacts of objects or production complexes of the
primary and secondary sphere and effects of residential agglomerations as well
as of man as individual. They have a harmful impact on precipitation, soil, ground
and surface waters.

Shortcomings in interactions (category 2) arise, on the one hand, from activi-
ties of water management on the hydric base of the watershed and concern e. g.
exploitation exceeding the acceptable extent of natural resources, on the other
hand they are connected with the neglecting of hydraulic linkages existing between
the components of the hydrosphere; this holds especially true for the hydrodyna-
mic relationships of surface and groundwater.
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The third group includes, on the one hand, harmful impacts caused by water
as element, on the other hand local and regional effects of hydrotechnical structu-
res (dams and impounding reservoirs, bridges, drainage systems, etc.).

The analytical period brought also numerous findings for the solution ot
practical problems (Zajicek 1973), ol which it is necessary to emphasize mainly
the following ones:

- The majority of problems can be solved, some immedietely, others after
a longer time. Hence these problems can be tackled with a nct exaggerated opti-
mism.

-— In spite .of the fact that of the three mentioned categories the first is the
most imporiant, the hydrolegical and water management sector must arrange the
relationships indicated in items 2 and 3. Only then can it assert its interests be-
longing to category 1.

— The solution of practical tasks cannot be narrowed down to the pre-
tection of isolated water resources. It requires the application of a wider spatiai
strategy in the genesis, regime and utilization of the hydrosphere components,
especially in regions with intensive economic development. This means that the
solution must be based on the optimal arrangement of structures and processes
in space. Technological solutions are supplementary measures.

-- Every collision between hydrosphere and the economic field must be over-
come in its potential stage and on the principle of global optimisation, taking into
balanced account economic, technical and ecological aspects.

~- From the analytical phase it is necessary to exploit the maximum for
the qualitative improvement of the location theory principles and for the spatiai
organization of economic activities. From this arises also the requirement not ic
admit actions causing mistakes and disproportions for the future.

— One of the most important principles in this sense is to stop with the
prevailing one-sided exploitation approach to the hydrosphere components and
to respect their potential in the planning and management processes on the scale
of continents, countries and localities.

Under Czechoslovak conditions, the primary analytical research stage was
essentially concluded at the beginning of the 70 ’s. It has become the basis for the
synthetical solutions, and mainly for the permanent conceptional activity on this
subject.

2. Solution principles

in the present stage of work there exist already sets of lindings from the
solution of problems as well as from satisfactorily executed tasks of economic de-
velopment. Generally, in a cultural region the hydrosphere components maintain
the necessary quantitative and qualitative level only when three basic principles
are consistently consident in research as well as implementation field:

a) Hydrology permanently supplements its fund of findings, being able to
pravide in all situations necessary data, arguments as well as complex data.

b) Research develops and practice implements -hydrotechnical innovations,
which already take a balanced account of water management as well as interests
of .other sectors in the given region.

c) The factor water is included on all levels of planning activities among
the most important indicators; it serves mainly as location factor.
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2.1 Supplementation of the fund of hydrological findings

Although this first principle concerns the advance in hydrology as such, it
applies mainly for hydrological sectors effectively bound to the subject under
discussion. OI greatest importance are problems of the discharge regime and pro
blems of vulnerability of the different runeff components.

Water resources are mainly threatened under extreme runoff conditions,
especially during drought periods. For their evaluation in watersheds of different
size, dimensionless duration curves and additional characteristics arising from them
are used satisfactorily. This holds true mainly for Central Europe having relati-
vely small differences in the basic climatic parameters. As decisive factors in
the distribution of runoff act categories of rock media in the different watersheds
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1. Dimendionless duration curves of daily mean discharges for 30 to 364 days in the
year: a — Svitava—Letovice, b -— Labe State frontier, ¢ — Morava — confluenre,
d — Svratka below Bystrice, € — Somme: u, v — parameters referring to 355 day
water.

Selected duration curves in the Labe and Danube watersheds (Fig. 1) characte-
rize thus on regional scale the poor capacity of rivers to overcome dry periods on
a higher runoff level (Type d) in granite-gneiss regions; on the other hand they
exhibit a high cumulative potential of the mighty layers of sedimentary rocks
(Type a). With larger watersheds (Type b, c), the resultant characteristics corres-
pond to the shares of the partial watersheds of the preceding types. The abscissae
u, v in the range of low flows, e. g. in the ordinate of 355-day water (20 % Qa
in the case of the river Labe and 17 % Qa in the case of the river Morava) de-
termine for their tributaries the minimum limit of the necessary enrichment, rea-
ching at least the runoff level of the main watersheds. In places where to the
basic hydromechanical condition of the rock medium increased precipitation fre-
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quency (in higher mountain positions or in seaside regions) must be added, the
runoff characteristics in the range of 100 to 365-day waters are even more fa-
vourable. Under broader European conditions this can be seen in the case of the
river Somme (Type e), which is a representant of a Cretaceous watershed in the
French Atlantic zone. From this base we get further to the evaluation of runoff
in the necessary intervals determined according to the m-day scale; in a similar
way we process also floods in the n-day field.

Based on the duration curves of daily mean discharges, it is then possible
for the chosen watersheds to evaluate the runoff phase of groundwater in periods
without precipitation. In this case we deline the duration curve analytically by
m.ans ol an interpolation equation and we use the maximum of its derivation
cuive for the determination of the inflexion point of the tangent, which together
with the ordinate of the tangent is the tasic parameter for ihe calculation of
the groundwater runoff potential in periods without precipitation (Zaji¢ek 1973).
Again we see here the marked dilferences under conditions of the crystaliine
watershed (river Sdzava) and the accumulative active watersheds with sandstone
as prevailing rocks (river Plou¢nice), in both cases for parts of the watersheds
with an area ol about 1 000 km? (Tab. 1).

Tab. 1. Runofl potentiality of groundwaters in periods without precipitation.

Underground
River River Groundwater (i,?rf&cfl?;tozr runoff in spe-
profile runoff (mm) cific expression
of total runoff {1s—1km-2)
Sézava D. Séazava 28,7 8 0,85
Ponled 24,9 8 0,75
Chlistov 21,4 8 0,64
Svétla 17,5 7 0,53
Plou&nice C. Lipa 97,4 39 3,07
StruZnice 88,8 40 2,84
Benesov 76,9 34 2,45
Gsti 76,8 34 2,44

‘The function of the watershed with a higher storage capacity becomes mar-
kedly evident also in the evaluation of the underground component in the total
runoff from the watershed. For these instances it is useful to use the original met-
hod of separation (Kliner, Kné&zek 1974). Applying this method, the relation
between the actual variations of the groundwater table and the discharges in
a surface stream is used.

In watersheds with low retention capacity of the litho-and pedosphere, the
results of these analyses belong among the arguments for the construction of im-
pounding reservoirs, where contrariwise to the [ormer practice, there exists the
possibility to make use of additional innovation elements. So for instance, based
on regionally treated characteristics of showers, we consider regions from this
aspect extremely inclined to soil denudations and thus we contribute, in the pre-
design stage, to the selection of variants. In addition we devote attention to the
problems of larger water abstractions from reservoirs to cover the needs of other
watershed and especially to the problem of compensation measures for the initial
watershed, which we process using diurnal hydrographical data from long-term:
observation series (MaliSek et al. 1977). Numerical methods and suitable programs
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for large computers permit to overcome even problems ol complicated water mana-
gement systems. Thus we reach an incomparably more exact evalution than when
using methods based on monthly parameters.

All mentioned work procedures are based on data of hydrographical services.
In tasks requiring a more detailed knowledge of interactions (specially when
interconnecting quantitative and qualitative problems) we use also the results
of purposive research in small model watersheds. As example of a whole series
of similar studies we present briefly the conclusions from a study of principles
of nitrate load in waters. These results were obtained in the experimental water-

2. Zebrakovsky Brook. A — predominant type, B — exceptional type, Fi — {field, Fo —
-— [orest, M — meadow; (P. R.) — peneplain and etchplain relicts.
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shed of the Zebrakovsky Brook near Svétlsd nad Sazavou, a typical representative
of a peneplain region type, in which impounding reservoirs are situated in Cze-
choslovakia as well as in neighbouring countries.

Peneplain relicts are due to previous development in the Tertiary and Qua-
ternary covered by relatively permeable soils and are utilized by agriculture (Fig.
2). Residual nutrients escape into groundwaters and springs and also into sur-
face streams. Even relatively large percentages of forests on the slopes under
the peneplain relicts have only a slight ameliorating function. On the contrary,
where the forest reaches as far as the watershed divide (Type B) and the whole
process of infiltration and groundwater flow to the springs takes place in forest
areas, the water is of high quality (Tab. 2).

Tab. 2. Zebrakovsky potok (brook) — occurrence of NOs in water in typical zones.

Extreme values Average
Sector (mg.1-1) (mg.1-1) Remarks
Atmosph.
precipitation 2,6—14,0 - 58 ) -
Water in meadows '4,8—12,1 . 8,0 mainly in the upper

reaches of the watersheq

CGroundwater of . 26104 60

penepl. relicts example of higher load

Spring Tunoff gneiss and granite
from the forest i 0,0—26 ‘ 1,3 zone

This very briefly presented characteristic of the results of multiannual re-
search from a whole series ol scientific and applied disciplines led already to th
elaboration of principles for the adjustment of land and the organization of its
agricultural utilization, especially in water supply watersheds. The determination
of tolerance limits on the border of the two economic sectors brings considerable
effects also for agriculture and that in plant nutrition and economics.

2.2. Hydrotechnical innovations

In the preceding example we roughly demonstrated how the activity of the
partner sector in the region is organized in conformity with the interest of water
management. However, the reciprocity must appear also in the water management
field and that mainly by increased emphasis on ecological elements in technolo-
gical projects. In water power engineering this principle is met by pumped-storage
power plants, in hydro-ameliorations by regulation drainage, in waste treatment
plant technology by secondary utilization of slurries, etc. The example by which
we demonstrate this innovation approach in the field of water supply, is further-
more accompanied by positive effects on regional scale.

This is reflected in systems utilizing artificial recharge and storage of ground—
water. After successful construction of objects in Quaternary gravel-sand locali-
ties (Halek et al. 1971, Zajicek 1975) this system is applied at present in struc-
tures made up of mighty sandstones layers. Following field surveys — similar
as in normal water supply actions — in the preparatory stage of these projects,
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model simulation and preliminary evaluation is applied, which in turn leads to
the basic design of the system and its size category.

On the other hand, the solution proper of hydraulic processes in the ground-
water reservoir must include innovation elements, beginning already with the de-
termination of the necessary filtration and storage parameters exceeding the ex-
tent of current hydrogeological investigations. In the storage space and in the
zone between infiltration objects and the well recovery line, substancially non-
-stationary groundwater flow processes are encountered; this' can be described by
partial differential equations including the mentioned parameters. In concrete
cases it has been shown to be suitable to ‘aproximate partial derivations by dif-
ferential expressions for a rectangular network (Stransky 1975) and to, obtain
thus systems of differential equations, easily processable on a digital computer.
Formally these equations can be written in the form

Ay 'hi——l,j,nv+Ai,j—r—l chyyj—iun +Aisy - higyn + AL+
hi,j.n" hi,j,n—-l

~hyjin — Ay - by = ne — Wixy,),
At

where coefficients

A, ; — are expressions including the coordinates of transmissivity tensors in
the area studied,

h — groundwater table level in the nodes of the system (i,j),

n, — effective porosity,

W' — value expressing summarily outflow and inflow of groundwater in the
area studied,

At — time increment,

n — number of the solved time level n . At,

This simplified characteristic of the working procedure indicates that after
the preliminary evaluation of each locality, it is necessary to incorporate as inno-
vation link of the working procedure sectorial pilot-plant infiltration. Results ob-
tained from this process correspond to the physical characteristics of permeability
coefficients that, under conditions of sedimentary rocks, are dec151ve for very
important transmissivity parameters.

In the locality of Cerny dil near Mlad4d Boleslav with sandstone layers
about 100 m thick, this infiltration test led to the determination of the values of
the coefficient of permeability in the interval of the [irst half of the order of
107!m.s™!. For the underground reservoir (Fig. 3) we derived the acceptable
rising of the water table Hd by up to 40 m as well as the specific values of thc
recoverable quantity of q (I . s7!) in characteristical points between the original
(a) and raised level (b). The obtained graphical relation is defined analyticaliy
as an exponential function

q = 31,0069 Hq!'%7%%, -

From the given range of raised levels and possible drops below the natural
level is the optimal operational range in the interval Hy = 20 to 25 m. In such
a case the system capacity reaches 1000 1 . s™!, similarly as in the existing wa-
ter supply base at Karany. Another interconnecting link of the two systems is the
water source for artificial recharge — pretreated water from the river Jizera.
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3. Conditions for artificial recharge and storage of groundwaters in the locality of
Cerny ddl: a, b — original and raised groundwater table; ¢, d — infiltration and well
recovery line.

k — sandstone; t — marlstone; Hd — raised groundwater table; V — newly obtained
water volume. Illustration not to scale.

Water supply bases of this type provide water of better quality than surface
water reservoirs and, in comparison with them, they have very low space requirzs-
ments. Capital investments mostly do not reach even 50 % of the costs required
by reservoirs on surface streams.

2. 3. The greater importance of the factor ,water" in planning activities

The main principle for meeting this thesis, which is based on the results of
the preceding chapters, is the shift of water resources from the category of affected
factors to that of alfecting factors. In this sense it is naturally necessary to aban-
don the one-sided concept of the water management potential of the watershed as
source for drinking water supply and in all development tasks to consider it in
three basic [unctions:

— in the primary supply sense lor the resideriial and production sector,

— in the role of a sound receiving body, capable up to the critical loading le-
vel of the river to deal with the permissible pollution load from the residential
and production sphere, predominantly in the form of waste treatment plant
effluents;

— in the role of an positive urbanization factor with the compesition function
of a large water surface in residential surroundings.

The main development regulative is unequivocally represented by the se-
cond function, be it in the form of offer or limits for economic sectors. It is cha-
racterized as representing the reserve of the stream capacity arising from the
difference between the natural quantitative and qualitative base of the stream
and the tolerance limit for the acception of substances which are added as residual
pollution. This reserve is thus dependent on the sanitary, biclogical and chemical
iimits given by the water laws in different countries and on the discharge value-
in a given place or river reach. This concerns naturally mainly discharges warran
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ted even in dry periods. For this reason we dealt with them and their evaluatiou
in greater detail in the introductory chapter.

From this two basic conclusions can be reached for the application of the
innovation elements as well as in the managing and decision-making field:

1. National economic planning as well as lower planning categories must
bind their activities and presumed consequences ol the differnt actions to the
territory limited by hydrographical borders; this kind of procedure must be main-
tained even when the focus of the economic processes lies in otherwise bordered
territorial entities.

2. With a view to the safeguording of a healthy environment, it is necessary
in this connection to meet the principle of the critical loading level of rivers.

4. Water management conditions for the development of towns and industry — diagram
of watershed section. River zones of offer and corresponding watersheds: 1 — most
suitable, 2 —- suitable. Other areas and corresponding towns: 3 — little suitable (with
rivers of low order), 4 — unsuitable — spaces distant [rom rivers, 5 — fundamentallv
conflicting (infiltration and headwater areas), 6 -- divide.

In a certain watershed (Fig. 4) we can thus differentiate zones of ,offers”,
where conditions exist also for placing of more demanding users (territorial stri-
pes 1, 2), and other localities up to infiltration and headwater areals (zonc 5)
where aspects of water resources protection should dominate. These principles can
be naturally applied in various countries, mainly in developed or intensively de-
veloping countries. In Czechoslovakia, we have treated in this way mainly zones
of olfers (Zaji¢ek 1977) for the main watersheds. This was done in the interest
of their utilization for location greater economic activities and to elimit dispre-
portions, which occur in inliltration and headwater zones.
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3. Conclusion

The necessity to protect and suitably utilize water resources is an acknowled-
ged postulate in all countries all over the world. A problem, however, is the use
of rational and effective methods.

Good results can be obtained only when the protection of water and wate;
management is a part of complex tasks of environmental control in which the
natural base. and its economic function are maintained in a balanced state. Prin-
c1ples of protection must be reflected in national economic plans. This aspect
places in the foreground the condition of tolerance limits of rivers and their res-
pecting in the development of the region. This actually decides about the future
function of both running and standing waters in watersheds, regions and the
whole country. In a balanced state with this regional arrangement must also
act the technical factor — water and waste treatment technologies.

To reach these aims it is not possible to apply only traditional working pro
cedures. Therefore we incorporate innovation elements into the basic hydrolo-
gical evaluations and reflect them into the regional synthesis as well as into the
data used for technical structures. The broad range of this problem we demonstra-
ted on selected examples, characterizing in greater detail especially those working
procedures that are effectivly applicable also in other countries.
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Résumé
INOVACE V-REGIONALNICH ULOHACH OCHRANY A VYUZITI VOD

Referdat je zaclenén do tematiky nazvané ,Dhsledky lidské &innosti v prostfedi
hydrosféry. Je v ndm snaha o aktivni Fe&itelsky ptistup, jehoZ cilem je v rozhodujici
problémové oblasti prispét k docileni souladu mezi hospod&fskym rozvojem a vodnimi
zdroji. Rozumime jimi vodohospodéi'sky potencidl povodi, ktery se uplatiiuje ve t¥ech
z8kladnich funkcich, totiZ jako primérni vodarenské zdroje, déle jako recipienty, v nichz
se odpadni 1atky ze sidelni a vy¢robni sféry projevuji jen po mez tdnosnosti tokd, a po-
sléze jako kompozitni meqtolvorne prvky, zvlaste ve formé velkych vadnich ploch
uvnitt zéstavby.
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« Zdkladni podminkou pro dosaZeni uvedeného cile je rozpracoevani a postupné uplat-
fiovani potiebnych koncepénich principli pro - styénou oblast socidlné-ekonomickych
systémii a vodohospodafského sektoru. Prvni princip spatfujeme v posilovdni fondu
hydrologickijch poznaikid a ukazateld inovatniho charakteru, Gcelové. zaméfenych k re
giondlnim tdlohdm. Mezi né patfi napf. charakteristiky retencnich potencidld jednotli-
vych povodi (obr. 1) anebo ukazatele odtokové potenciality podzemnich vod v bez-
srdzkovych obdobich (tab. 1). Z kombinace detailn& studovanych procesi v modelovych
povodich (obr. 2) vyplyvaji poznatky o pfiCindch zatiZeni vodnich zdroji né&kterymi
neZadoucimi latkami, napl. dusi¢nany (tab. 2). Tim je i ukazadna cesta k zvladnuti pro-
blematiky.

Druhy princip spocivd v rozvoji a aplikaci hydrotechnickiych inovaci usmérnénych
nledisky krajinné ekologie. Jejich. typ1ck9m zdstupcem Jsou- podzemni nadrZe dopliio-
vané umé&lou infiltraci (obr. 3), kterou v naSich podmlnkach apllku]eme pedeviim v Fig-
nich terasdch d v’ kifidovych plskovcovycﬁ strukturdch.

Tteti zdsadou je podstathé zvydeni role vodnich zdraiu v pldnovaci éinnosti, prede-
v§im jejich pfesun z kategorie ovliviiovanych sloZek mezi faktory ovliviiujici. Hlavni
rozvojovy regulativ pfitom predstavuje unosnost toki, kterd je rezervou (nebo defici-
tern) mezi pritokovou a kvalitativni zdkladnou toku a toleran&nim limitem pro pfijem
iatek prichdzejicich ve formé rezidualnibo zneciSténi. UmoZiiuje ochranu pramennych
a dalSich zranitelnych Gzemi, ale i vyuZiti zon s dostate€nymi rezervami (obr. 4) pro
situovani vétS§ich hospodarskych aktivit. )

Uvedené zédsady a jejich aphkdce jsou nodany ;ako prlspevek k raciondlni organi-
zaci a rozvoji spole€enskych a vyrobnich aktivit v souladu s principy prostorové eko-
nomiky. U&inné se uplatiiuji ve stadiu piiprav rozvojovych tkold a tak umoZiiuji pre-
neseni -stietl mezi hydrosférou a hospodarskymi sektory do oblasti jejich potencialniho
vyskytu. Technologické prvky v systémech (zvlast€ Cistirny odpadnich vod a tdpravny)
jsou kvalifikovéany jako privodni &ldanky doplfiujici primédrni regiondlni feSeni. Z4sady i do-
kumentované pracovni postupy jsou analogicky pou21telné i v jingch rozvinut§ch
zemich.

‘

43



