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11.3. Water as a prodotiozi factor 

1• 
Abstract 

!'Water is essential for human survival; the terrestrial eao- 
system cannot function Without it. In addition to drinking and 
personal hygiene, water is needed for agricultural production, 
industrial and manufacturing processes, hydroelectric power 
generation, waste assimilation, recreation, navigation, enhance-
ment of fish and Wildlife-, nk a variety of oher purposes. 
When a resource is used for so many diverse purposes, it is 
important that it be developed and used rationally and. .aff i-
ciently". 
Mostafa Xma1 TDLEA, Executive DirectoxTJEEP - 

With the increasing ue of water resources and change of the 
natural hydrological  róglme of Surface and groundwater the 

/ . vulnerability of cociety with regard to .fluctuations i1i supply 
due. to c1iniatic variability is likely to increase. It j, 
theiefore, important to know more about the relatioit climate - 
hydrology - water resources, taking iito account man's in-
fluance on the hydrological cycle. Pundamental principles, of 
weather, climate and water balance are discussed in chapter 3.1. 
Groundwater is the main resou.rce for drinking water supply. 
Important problems are the hydrologic' properties of aquifers 
and contaminant migration into Subsurface waters (chapter 3.2.). 
3u.rface water is the main resource for irrigation and indusirial 
water supply. Measurement, an&lysis, prediction drid simulation 
of streamfiow (surface runoff) are important prb1eme of water 
resourceS asseamemt, monitor.ng and management (chapter 3.3.). 
Water is an important factor In the relationship climate, soil 
and vegtatiori (chapter 3.4.). In many countries irrigtion and 
drainage are a vital necessity for agricultural production 
(chapter 3.50. As more water is uSed, more waste products are 
being discharged to water bodies, which reduces the watei 
quality and thus water available for future usc. Problems of 
water quality, water related diseases transmitted by insects 



or other vectors, water treatment for drinr1n water supply 
and wast.e water treatment are discussed in chapter 3.1 . The 
water problems may be solved only by reliable assesanent and 
monitarina of water resourcea and' demands (chapter 3.7.). 

11.3.0. 	Thtrodtction 

Water holds a,unique position among various natural resource8 
of our planet. The ever-lasting process of the hydrological  or 

water cycle implies a unity of natural vat ár all over the world.. 
The hydrological cycle involves eli kinds of water resources, 
i.e. watór of the atmosphere, ocean, earth'a crust and bio-
sphere. 

The relationehip between clismte and the water-resource system 
on the earth is unique in the sense that parts of the bydrologi-
cal cycle, naiflely precipitation and evaporation, are at the 
same time inherent parts of the climate and important character-
istics of it. Purthermore, the hydrological cycle is the very,  

basis of water resources. It is possible to consider hyd.rologi-
cal processes as a ttansf or function from the climate system to 
the water resource system at vice -versa, the. functici being 
undex d.ifterent circumstances part of either one of the two 
syatema. 11, 2, 8, 9, 10/0 

Water, as an essential factor of life, Is also the most ml-nRge-

able natural reaource. This renewable res.irce is capable of 
diversion, transport, storage and recycLixig. Because of these 

properties water is very useful forman. Its quality and die-
ti4ibution in time and apace are highly variable, but the total 
amount of usable water remains constant. Thus, man is faced 
• with a wid.Q range of choices in wanMgiñg his water resources. 
At the same time, however, many of these choices are mutually 
exclusive. Therefore any proposed course. çf action involving 
water resources should not be aadëin isolatj.on but in full 
Ewarenéss of associated jzydrological and ecological effects 
and under consideratien of the other courses of action which 
would be excluded. 
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An intene development ot industry and agricu].ture, popu-
:Lation growth, àultiv&tion of new land haye resulted in a 
great inoease in 'water use all over the world, and in the 
change of the natural bydrologióal reie. of water bodies. 

There aze no lal'ge rivers in densely populated areas where 
runoff is. not affeoted by man's activity to some extent. 
Today water consumption makes up about 3,000 km 3Jyear while 
it was 400 ka3/year at the beginning of: thia century—Eval- 

ol the amount of "irretrievable" rater losses (i.e. 
• 	water lost by evaporation, tmnepiratlon or as part of a 

fifal.produot, that in water which does not return to the 
water source)'is one of the most iinportaxi -t topical problems 
in water resource aBsesment and water management planning. 
These processes cause a decrease in water amount which might 
be used for other needs within a particular river basin. 

Man's activities have an even greater effect on the 'uality 
of water in rivers, lakes, reservoirs and aquifers. Thday a 
pronounced doteriora'tion of water quality is observed in 
many rivers, lakes and aquifers all, over the world !  The ob- 

• 	jective oZmauidnd in t reduce the amount of 'the progressive 
• 	irretrievable water óonsumption to maintain the proper water - 

,qality in rivera and lakes, to p'revent -water deficit and 
loss of soil, fertility. The only way out is the development 
and planned realizaiou of measures on the ratinal use of 
water risources available and their protection against 
pollution and depletion. This problem may be sol'Ved only by 
a reliable and properly organized assessment and monitorIng 
of water resources and demands. Data on water resources and 
taei.ruse, on the hydrologIcal regime of water bodies and 
their chemistry are the basis for any present and future 
planning of water resources development, project, construc-
tion and operation otnu)nerois hydraulic-engineering struc-
tu.res on rivers, lakes and reservoirs and devqlopment of land 
uäe practices /1, 3, 5, 6, 8/. 	 I 
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11.3.1 • Cljy&te and the hydrological pycla 

11.3.1.1. Weather aM.-oliiate 
I 

11.3.1.1.1 • Pundainental principles, 

Introduction 

The atmosphere of the earth is an important environmenta]. 
factor. All people, animals a d-piixte are higblr influeneed 
by the atmospheric air, and the atmosphere can be conscidualy 
influenced by man. 

Meteorology Is the science of the air and the atmosphere. 
Applied meteorology is most important for ecological purposes. 
anehes of applied meteorology are: 

- bydrometeOrology 

- bioeteorolog\ (agricultural meteorology, forest 
meteorology, human biometeorology) 

- technological meteorology (constructional meteorology., in-
dustrial meteoro].ogy, transport meteorology). 

Weather: the atmospheric conditions at a definite moment or 
during a shorter period. 
Clinte: the totality (synthesis in tine) of all weather 
conditions over a longer period (20 to 50 years) 

Radiation 

Radiation laws: 

- Radiation as a function othe temperature of the- 
emitting body 	-. 

- 	R 6. T4 _/It emitted radiation (Win2) • 
- 	T absolute temperature (E) 

6' constant value 
(e 5.67 . 10 W/m2 - . t) 
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- influence of temperature on the wavelength of radiation 

A.max T=c 
Amx• 	 - wavelengt. of maximum energy 

P 	- absolute temperature(K) 

c 	- constant value.(=0.29czn K) 

Two different radiation fluxs oa' be found in the atmosphere, 
solar radiation and terrestrial radiation. Solar radiation is 
a shortwave radiation. surface of the sun is very hot 
(6,000 K), consequentlyA, will be small. Contrary to this,max 
the radiation of the earth and of the atmosphere (terrestrial 
radiation) is a longwave radiation, because the temperature of 

• 	these boies is low (-100 to 100 K). 

Solar radiation 

Rsoiar Roolar beam + 	- Rreti ex , 

beam . sky  

The ratio Rroflex/RgIcal  e.g* thè.refle&ivity of the earth's 
• 	surface, is called albedo. Water Surfces and forests show low 

• 	

' 	albedo values (5  to 20%), fields medium vaj.ued (15 to 30  

anpwcover high values 160 to 90  

Terrestrial radiatiofl 

1 terr Rcotex. - 1 Outgbing 	Rreflex (Long) 

'counter of the itmoaphere ~ ii emitted by dust particles, clouds, 
water vapour, CabGn dioxide, and ozone. R. 	is emitted, by outroing 
the earth's surface. Rfj•X (1) is the reflected longwage 
radiation. 

Net adiati9n; Net radiation is the sum 01 all shortwave (solar) 
and longwave (terrestrial) radiation components. 
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Wnd 	
.. 	I 

- Wind directio s the direction, where the wind comes from. 
WULd velocity rises with increasing height above the earth's 
surface. 

Wind yjem in tropical clisates: North east winds pzevail r 
north of the equator, south east winds south of it, especially 
over oceans. At the equator these "trade" winds form the in-
tertrppiçal convergence zone (ITC). 	0 . 	. . 

• Soutl? West winds are observed near the equator, over the con-
tinentS during the summer season. They are the monsoon winds. 

High wind velocities can be found on the iummits of moun-
tains,, over, open fields and in the countryside., low winds in 
valleys, forests and towns. 

Wind is not an even, parallel, constatit flux of air. It corn-
prises pulsations and eddies. This wind property is called 
turbulence. Rurbulence causes exchange processea of heat, wa-
ter and trace substances. iese turbulent transport. proc'eses 
are directed both horizontally and vertically. 

Heat balance 	 - 	-. 

The equation of beat balance of the earth surface is 

	

B H + S + ET' 	(W/m2 ) 
R radiation  
H convective..heat flux  
S soil heat flux  
ET'. evapotransp,rstion (expressed as. energy 

quantity). 

Ne4ation (see 1.1.2.1 is the input quantity of the heat 
balance of the eáth's surface. This input i subdivided into 
3parts: 



I 

Th.e conveve heat Llu.x is the heat éxcbnge between the earth' a 
auxtace and the atmosphere. By day the air is heated by the earth's 

• 

	

	surfaqe and aadends. Bynight, a heat flux from the atmosphere to 
the surface Is observed. 

The soil heat flx Is the heat excbaxige bereen the interior of 
the soil and the earth's surface. By day, the heat flows from 
the warm \eath's surface to the cold desper layers, by niht 
vice versa from thq interior of soil to the cooler earth's aura. 
face. The long-te±m mean of soil heat flux will be .  0. 

vapotraption of water is a process requiriiga certain 
supply of heat. In order to evaporate a. certain amount of water 
ET the amount of•heat ET' is required: 

ET' = r •ET . 	 (2) 
r 	heat of evaporation. (2,500.kJI) 

Evapotranspiration appera both in heat and water balance 
- equations. It forms the liiiic between heat and water balance. 

If men -causes changes in heat balance, then oorreponding 
- charg'es in water blance will automatically result (and fle-. 

versa). 

11.3.1.1.2. -, Climate and eeoystmms (exs.mpies) 

Coxnpr1aon of forests and fields 	 1 

In tropical countrIes large forest areas are traxlsfQrmed Into 
agriou.ltural tacts. This causes the folleing meteorological t 
changes: 

The net radiation of the landscape decreases, forests have a 
• 	higheP net radiation tJiap  open fields. This phenomenon is 

attributed, first, tothe lpwe' albedo of foreta and,second, 
to the lower.su.rface temperure Of foreate durIng day time. 

The conective heating of the air is inbreased. In fields the 
vegetation cover of which is thinnerthari that of forests 
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Bolar radition is converted 14t0: convective heat in aamall 
volume. This leads to a more intenSive surface heating and 

an increase in air temperature. 	 * 

The =Rotranspiration of forests is bigher than that of 
fields due to increased net radiation and reduce4 convective 
heat flux. Therefore the evapotranspiz'ation of the laidscape 
generally decreasea by deforestation. This oocura above all, 
in the peripheral areas of the tropics. 

The wind velocity is increased to a high extent over fields. 
Consequently, the wind erosion (wlairuing up of dust) of the 
ground increases, in partici4ar,  thiring periods when( tle agri-
cuJtural tracts are bare of any vegetation. The turbidity of 
the atmosphere increases correspondingly. 

In order to mai.ntain the favourable cliomtic influence of 

• forests the. eatablishmnt of shelterbelte is recougnended. As  • 	 .• 
regards the windbree 1 t1e effect, the effected range of aMl-
terbdlto on the Windward side has an extension equalling 
5- to 10-fold tree height, on the lee-side about the 20 to 
30-fold tree height. The turbulence of the wind, exerts in-
fluencea on the, extension of the effected range ofahelter-
belts. 

On the high-altitude -mountains of the tro1os, at an altitude 
of about 2 19 000 to 3,000 rn, forests filter large amounts of 

• water ut of the clouds as foj,pitation (see 1.3.1.). 
TheSe "cloud forests" must be preserved by all means, as' 
they are of great significance for water onthgement, forestry 
and protection against soil erosion 

gicultural measure - 

The nlant density influences the cliontic conditions over 
agricultural crops. Different vegetation covers may haye 
different albedos. The level of soil albedodepends on the 
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density of the cultivated plants. Light-coloured soils make 
the aJ,bedo increase if the density of the. vegetation cover 
decreases. For inStance, overgrazing irifluencea the aibedo 
(destruction of the vegetation by animals trampling on it 
or eating it).. In the Sahel zone (southern border of the 
sahara Desert) the reduced density of plants caused an in- 
crease in the hlbedo lea4ing to a fall in temperature, hence 
to a decrease of thermal upw:Lnds, cloud formation and preci-
pitation. This means, that the drought is favoured. 

Irrigation measures influence not only the water balance, but 
also the beat balance of the irrigated area. The convective - 
heat flux from the earth's su.rface to the air is reduod. 
Contrary to this, evapctranspiration is increased in the 
tropics. 	

- 

Drainage has the opposite effect of irrigation. The albedo 
is likewise influehced by melioration measures. 

Intermediate cultivation also exerts climatic iiffluencèe. The 
annual evapotranspirationis increased, whereas the convective 
heating of the air. in decreased. Intermediate cultivation 
preventu, bowever,the whIrling up of duet and the increase of 
the atmospheric turbidty. Changes of 'albedo and, consequently, 
of net radiation are possible. as a result of intexaedjate 
cultivation. 	 . 

Town climate 

The clinate in towns is, in principle, characterized by the 
follàwing basic features as compared with that of the coun-
tryside: 

- deteriorated air quality (due to'industry and traffic) 

- reduced- solar radiation (partially With inäreased short-
wave radiation input, and increased net radiation) 

- lower wind velocity. - 

S 
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- higher temperatures, particularly in the evening 

- reduced evapotranàpiration 

- increased convective heat flux 

- increased precipitation 

in the hot humid tropical clLmates protection against  sul-

trineso and heavy rain is recommended by constructing, wide 
streets, light pierced walls, projecting roofs and verandas. 
In the hot dry climate of the subtropics protecflcn against 
salar radiaticn and eandetarme can be provided by narrow 

.reet'g, thick walls and Shadowy courtyards. 

Climate and man (human blometeorolo) 

POr laseifying the great variety of atmospheric influences 
oti man, the following groups of effects are applied; 

Aiqua]4 	The eil;uation is particularly favourable with 
regard to the iimertropical climate, where frequent rains 
and high air turbulence Clen the air. The hot dry subtrop-
ical climate is le8a favourable, because the intensive solar 
radiation promotes the formation of smog and turbulent ex-

change processes are lees prozouneed 

Ueat balance: Radiation, wind velocity, temperature and 
humidity contro] the heat baance of, the human body. If the 

heat flux from the hurnmi body. into the atmosphere is toe 

all, sultriness wiU eeult. Sultriness is a typical fea- 

turh of the inneliropical climate, but not of the subtropics. 
I Radiatian and wind can be influenced by trees and biildind. 

Radiation: Excessive solar radiation may be prevented ty 

trees nd artificial sunshades. 



11 

11.3.1.1.3. Tkeatmos.pheric comonsnts of the watercyole 

c.ttation = 

• The giWitz of Preca italiozi depends on two factors: first 
on the vextica1 wir&' velocityath, second,, on air humidity. 
However, the deciEive..faotor i.e the vertical wind e]city. 
JpYd.nds lead to cooling of air, dondensation of water vapour, 
formation of. clouds and peoipitation. Upwinde are caused by 
cyclones, convergenoes, relief and friction effects on the 
air stream. The relief effect explains the fact that the 
amount of precipitation riseewith increasing altitude. 
Furthermore, an intensive/convective beat flux favours thermal 
upwindu. 	I  

The inziertrqp ice]. c1ite is evermoist. However, two peaks 
can be':observed during the annial pourse of precipitation.. 
They result from the 1  changing position of the ITC. 
In the external tropics rain falla during the summer season, 
when the ITO has its greatest distance from the equator. The 
monsoon climate is the moat important example for this. The 
b'oical4ry zone shows very low precipitation values in-

oludinE deaerts and steppes. Finally, the external sub-
tropics are characterized by rainfall during the period of low 
sun height. 	 . 

For hydrological purposes the meaàuring error of the pre-
cipitation gauge has to be taken into account. It depends on 
the microclimate at 1the measurtug station and is caused by 
wind (sweeping effect, the number of raindrops entering the 
gauge is too small) and evaporation losses frcm the interIor 
walls of the gauge. In temperate climates the error for 
rain amounts to about 10 %, in subtropical climates it may,  
be over 20 %. Unforttuiately, up to now there is not enough 
1nfrmation available concerning the measuring error in 
tropical climates. 
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ecp,ttatioziie obeirved in forests in fogy glite 
- This type Of precipitation has to be taken 

Into acocut in 'tropical aoutain cltsates. The Ki1j.man-
Jaró is a weflia.known sxa*pl'e. 

Dew playa an important role in the water cycle of Ary sib-
tropica]. cliea'es. 	. 

When precipitation lzite theplanta, it is subdivided into 
3 componenta throughfail T, stemj S and interception .1; 

a 	P1+S+I. 

The quantities of these terms depend on, the properties of 
leaves, twigs, branches and stems. The interception of a 
spruce fórest amountS to about 251. 

A].!jean v&s of precipitation on be calculated, by 
dl fierent methods The simplest method is based on the ,arith-
ietic men. The isohyetal metLoft requirea the coñsiructtho 
of lines of equal precipitation and planimetering the area .• 	 F 
between the iohye.a. The Thiessen polygon method uses special 
polygons constructed' around the measuring point and the 
correponding area Lnclosed by the polgon. 

Evapotransp[rati_n 

Evapotranapiration (E) is the water transport process from 
water, -soil and plants ibo the atmosphere. It can be sub-
divided into three components; ' 

ST = B + T + I  

Evaporaion B: The water transport from waters and from tallow 
soil into, the atmosphere. 

Tranapiation Ti The water transport from the interior of 
the plants into the atmosphere caused by the living prooeaea 
of plants. 	 , 

I 

/ 
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Interceptil: The water transport from plant surfaces / 
into the atmosphere caused by the precipitation catcbin 
process (Gee Precipitation). 

The process of evapotranspiration reqiireB heat supply 
(see Heat ba).anoe). 

In order to separate the atmosphoic influences on.eva-
potranipiration from those on soil, and plants the term of,  
poten.tial evapotranspiration is defined.. Potential evapotrana-
piration E] meanethe upper limit, i.e. the thaxiinun( value of 
real evapotranspiration ETr•  STP  occurs whenever the process 
of evapotanapiration is not limi.tedby defioient water 
supply in soil and plants, in other words,whenever the soil 
is saturated with water. For instance, in deserts BTp is very 
high, but ST. is very low as tberó ieno essential water 
supply. For water surfaces ET and ETr  are equal. 

ETp  depends on rad.iation, wind velocity and air humidity. Dry 
winds cause large values of ET. In subtropical countries ETp 
is higher than in the inner tropics because of the long 
duration of solar ralation  and J.ow air bumidity. 

ET can be obtained by calculation formulas (P11WAW,  TtJRC) 
or by ineasuZent of the water level in evaporation pans. 

ETr  depends on ET, soil moisture and plant mass. ETr  appro-
aches ET2 , when. precipitation increases to an uslinited: ex-
tent.ETr  approachia precipitation,' when E'4 increases to an 
unlimited, extent. Contrary to the behavior of ET, ETr is 
higher in the innez'tropical clieStes than in the subtropics. 
This is due to the high amount of precipitation in the inner 
tropics. 	- 

There are soffle methods br which H. pan be deteained: 

- water ba1aEc a of catebsient a 	- 

- heat balsaciof the earth's surface (see Heat balance) 
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--turbulent qxchange in the atmosphere (see. Wind) 

- lysimeter 	 - 

- calculation using E1' and precipitation or soil moisture 
• (for exasple the B.AGROV method) 

I 

11.3.1.2. 	The byd lo&icÜl cyç,le and the water balance 

II. 3.1.2.1. 1  Water and_limate 

The fundamental hydrological phenomenon is the hydrological 
cycle, the continual changes in the state and location of 
water under the influence of mdiatlon of the sun and gravity. 

The hydrological cycle is regarded as a c losed water cirçu1 
joneyyatem on earth. As shown by Pigure II. 3-1, this cycle 
can be split into three main phases: Precipitation, evapora-
tion and runoff (aur!ace and subsurface). In each of these 
phases, wter transport, temporary storage and a change of 
state occur at different points (Pig. 11.3-2). Storage, or the 
mean reion time, differs widely in duration at the diff e-
rent points and ranges from 10,000 years in the polar ice caps 
azxl 2, 50O years in the oceans down to 9 days in the case of 

• 	atmospheric water and 12.days in the case of river water (7). 

• The majoi'ity of pràeessea involved in the h.ydrologi-ca1 cycle 
are of periodic stochastic nature. The periodicity is of physi- 

• 	cal origin due to astronomical cycles; the stochastic behaviour 
is caused by the various sources of coincidence in, on and 

around the earth, particularly by changes in the permeability 
of- the atmosphere. 
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11.3.1.2.2. Water balance 

The quantitative description of the water cycle leads to a 
water balance in wiioh the water balance quantitie, i.e. 
precipitation F, evapotraxispiration ETO runoff R and change 
in storage AS, are balanced in the form of a simDlë contin-

'uity equation, the water 	12eQuat.jon 

P = ET + R +S 	mm14 t 	(4). 

The water balance quantities are generally stated in mm water 
column related to a defined area and a defined period of tijie. 
Part of the precipitation falling on a regiou flows ofZ above 
and beneath the surface of the earth wider the influence of 
gravity. The runoff from an.area during a defined period is, 
assuming that distributioii is even, called the runoff depth 
(R) and is expressed in mm water colwen'per unit time, e.g. 
in mm/a, mm/d, or mm/h. The -noff resulting from the precipi-
tation in the region concentrates in the stream channel network 
and runs off through the discharge . cross section. The voiwie-
trio flow per unit time flowing through the cross section of a 
river is called the discharge (Q) and is measured in I/s or 
1n3/8. 

Since subsurtaoe water can also flow out of a drainage area, 
the total volumetric flow per unit time leaving the drainage 
area, eithet above or below the ground., through the cross sec-
tion o the valley at the measuring-  point or, below the ground, 
at other points is denoted as runoff (R). The teiin "runoff" 
will be used to describe both the process typicalfor th1a' 
quantity in the water balance and for the volumetric flow in 
the sense described above. 

Water balances are elaborated for defined regions which, in 
some oases, are identical to the natural river basins. A 
drainage basin (As ) measured in km can be assigned to each 
river cross section. A drainage area is the size of the area, 
measured after projection onto a horizontal plane, of a 
region in which the discharge flowing through a defined river 

• cross section originates. It is bounded by basin divides. The 
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water divides can be constructed on a topographical map with 
contourE (isohypses). The basin divide runs at right angles 
to the contours, beginning at the river cross section (Pig. 
II. 3.-3.). The water divide constructed on a. topographical 
map bordel's only the surface basin whereas the groundwater 
runoff is governed by the subsurface basin. These two, basins 

are not always identical (Pig. II. 3. -4.) /11, 12, 14/. 

11-3. 1 • 3. 	Fundasientals of hydrology 

11.3.1.3.1. D e f i n i t i o n 

Hydrology is the science That deals with the proceasea governing 
the depletion and replenishment of the water resources of the 
land areas on the earth and treats the various ph&aes of the 
hy'dro].ogic cycle. 

It starts witk  the observation dLnd meaaurmefrt of certain phy-. 
sical phenomenS, analyses their relationships, and aids at 
the discovery of their und'erlytj causal structure. Thus, 
izydrology not only describes what happens in the various stages 
of the hydrologic or water cycle, but it also tries to explain 
how and why things happen. 

11.3.1.3.2. Basic physical princ4ples  of hydrology' 

( 

Two basic principles govern the anount and distribution of 

water on the earth 

Mass conservation 	- 

Energy conservation 

The principle of mass conservation can be illustrated by the 
hydrological czycle or by the water budget for an arbitrary 
volume of soil with surface area A and depth d (fig. 'XL 3. -5.). 
We can write the conservation equ. for a period of time t: 

P+W=Qs+QB+SD+AG+U+ET rrira/t 
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as 

AG 

Fig.: 	Principle of mass conservation 
1L3.-5 
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P - Precipitation 

W 	Water imported by nn 	- 

- net surface runoff (surface runoff leaving A 	' 

less surface ruioff entering A) 
Q - net latexa1 outflow (groundwater, unsaturated flow) 

Q - net total basin runoff 

4D - increase in surface storage (depression and 
detention storage) 

A G - increase n soilwa -ter and groundwater storage 

- increase in basin storage 	- 

U - net vertical outflow in soil or roo] (deep percolatiou) 
ET - Evaporation and Transpiration 

If We can neglect water import W andi deep percolation U .t!len. 
we obtain for the catchment area or rIver basia the water 
balance equatimn (4) wLth Q R. 	r  - 

The amount of evapotrazispiration at any site in. controlled by 
the supply of energy and water from the atmosphere and their 
tmusforaation by the soil, and by the ,vegetation characteristics 
of the site. This .transforntion of energy and water by the 
atmosphere determines the amount of actual evapotranspration 
-ET in equ. (4). Equ. (1) and (4) are linked by the evaporation, 
terms.. 

- 	 I 	 - 	 - 

For the coheervation of energy at the layer of .aoil and air 
in ihieh plants grow the fàlloWing equation holds, expressing 
the relation: - 

Net rate of incoming e1ergy per unit area net rate of ott- 
going energy per unit area  

W/rà2  
• 	.B (1-a.) 	R + r.ET + H +:S 	j1CM205 	(6) 
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with R R (1-o) - 	and k given in eqti. (1), flux den- 
sity of total short wave radiation of the ground u.rface 48. 
albedo of the ground surtnoacc, net flux deisity of long 
wavà radiation RL• T' is converted by  equ. (2). 

The potential evapotranspfxation can be calcuJated by 

R 	J((cm2.a) cm 
S 	J/g.g/cm3 	a 

Changes in heat storage in the vegetation and the heat used 
in photoantheais have been'ignored.in equ. (6). They would 
be about P % of Be. The magnitude of the terms i equ. (6) 
may vary substantially. If the soil au.rface is wet or covered 
by actively transpiring vegetation, most of the available 
solar energy may be used to evaporate water. If the soil sur-
face.is dry, most of the mooning energy.may be used to heat 
the air. 

;ti. . 1.3.3. Quantitative deecriptio of hcLrologicajqyates 

The natural reference sy8temè used in hydrology are drainge 
he areas, catoents and river , 	The bastn. 	quantitative descrip- 

tion of hydrologically relevant basin properties f eras an im-
portant basis for the analysis and aodeUng of the hydroló-
gloal prooesseB taking place within ariverbasin. 

Brdrological vat erahed moels incorporating parinet ers which 
are measurable or ca4 be derived from the basin properties 
permit conclusions to be drawn regarding the progress of 
hydrological proóéae8 which have received no or only little 
attention and enable predictions to b! made regarding the 
effects of ohangee in the basin properties on the hydrological 
processes. 

Tb.e syatea of waters (river basins) caused by fluvia]. erosion 
and denuda'tion processes can be considered, as open dynamic 
ayatema which endeavour to reach a steady state- of operation 
(PL. II.3.-6). :An open systea -imports and exports energy and 
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NI 

matter across the. system boundaries. It must continually- con-
vert energy to maiiitih this process. Erosion, the transpoft 
of mattei and material conversion processes cause the con-
tinuous movement of matter out of the basin. In particular, 
excess prec1pitatioi water and minerals leave the system as 
water and matter discharge through the outlet cross section. 
The potentialènergy of the site is converted into the-kinetic 
Onergy of water and matter and into beat. 

Quantitative geOmorhological methods are used for the analysiS 
and quantithtive. description of the river basin structures. We 
distinguish in a -rIver basin between three main vertical eh-
systems: 

- surface system (ground surface and vegetation, stream channel 
system and'lakes (open waters), land use);- 

- aoil system (aeration zone); 

:- groundwater system. 	- 

Quantitative geomorphologdcal. methods are used for the ajalysis 
and quantitative •cription of the geomorpholoical struotr. of 
the surface system: 

- stream-channel system (concept of stream orders, stream lengths) 

- basin areas 

- slope values (channel slope, ground-surface gradients, mean 
slope of the basin area) 

- basin shape 	- 

- land use (vegetation, urbanizatiOn). 

S6i.l sciee provides the description (pammetrs) of the soil 
system and hydrogeology provides the quantitative deaoriptioll of 
the groundwater system ol.a basin. Methods to be applied depend 
on the objec,tive and scale of the analysis. 
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1.3.4. rein hdro]bical processes in, ra1a11-runoff 
relations' 

Wain phases ana subüytewè 

The sam. hyô2àlogioal• pocessea are parts of the trenfo$on 
of precipitation into runoff.• I this transformation we distin-
guish between three sainp. 

ti. Runoff formation in the basin (land phase) 
ôw mndh of A. storm rainfall or snowmelt rtins off immedóately 
as djrctrunuffl 

RWIOff concentration (discharge foZnEtion in the stream 
• cb.anmel system of the runoff fo,rining basins, channel bed 
phase) - What is the time diatribution of therunoff at the 
catchmnent Outlets (shape of the kydrogrspb)? 

Iischarge proceac in the channel syStem (flood propagation 
or save attenuation phase) 
What is the deformation and flow 	 ownstre

w.  
flood bydrographa? 

/ 

The three. Subsystems resulting from the vertical 'subdivision of 
a river basin mentioned above contain three main runoff. 

Overland flow or surface runoff (sieet flow, rill flow, 
quick return ±low). 

Interfiow (lateral flow component in the soil). 

3 Groundwater 110w or discharge (base flow. 

The catobment' area Using a horizontal sutrdiv1,jon comprmee 
three diffeent runoff contributing areas: 	. 	f 

I • open water surfaoee (rivere, lakes, reservoirs) 
2. Wet or saturated areas, impervious surfaces (quick return' flow) 

'Retention areas (infiltration and groundwater .'echarge). 
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The size of the different ruioff contributing areas ia#arisbe].. 
It depends on the saturation degree of the basin (soil moisture, 
groundwater tabel),In most cases the sur.ace runoff originates 

from areec I and 2 only (i'ag. XL 3. -7). 

Infi1trat1onnd.surface stprage 

Infiltration is the movement of water into the soil through 
the ground surface. As snow melts or rain falls the soil in-
filtatiqn gqverlls t1I amount of water that will enter the 
soil and thereby greatly effects the amount of surface runoff. 

V -Thei maximum possible infiltration, intensity of a given soiL 	V 

under definite moiste an4 other conditipns is called infil-
tration. CaRaci  f0 • If the actual infiltration intensity is 

V 

 ç tba f fi. 
V 	

V 

When i rains after a dry period, the rate of infiltration into 
the boil is reiatively high. DuriUg this Vfjrst phase the infil- 

• 	trating rainfall saturates the soil and the infiltratirni rate 
V 	is equal to the intensity of preoipitation, IfVPX <.f. But as 

V  the rainfall continues, the surface soil becomes saturated at 
• 	the time 'tp (ponding 'time), when the rainfall rate starts to 	V 

exceed'the rate to which the soil will accept wter (i.e. the 
stat.of the ef:tective rainfall) and the rate of infiltration 

V 	 decreases with time and ultinately reaches a constant value 
(Pig. 11.3-8). 	V 

if the rainfall infiltration is of such ea intensity and 
duration aato result in surface runoff, it can be divided into 
two phases. V 

The isaturated phase withOut surface runOff at tC tp 
The saturate, or recession piiaeeast 'tp when surface 

runoff is generated.. 
If the intensity of iniltration t is equal to the infiltra-
tion dapacity  t0 , then we have no unsaturated phase, and sur-
face runoff is generated from time t = 0 (?ig. 113.-8). - 
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The rate of infiltaton mainly depends on the rainfall inten- 
sity, the state of the soil varying directly with the soil 
moisture deficit, the type of soil being higher Into Sandy 
soils thant into clays.  Infiltration rates lso depend on 
the vegetation, the higiest• pates being obtained for forest 
cover and the lowest for bare, compacted soil (Fig. II.3.-9). 
Soil compaction by machinery and the trampling of livestocic 
decrease8 infiltration. The porosity and poresize distribution 
of the soil substantially eftect infitratIon rates. The most 
important parameter for the infiltration process is the rel-
tion of rainfall intensity P1 to the saturated hydraulic 
conductivity of the soil, K If the rate 01 precipitation 
exceeds the rate of infiltration, wai'e.r will be stoed on the 
gra:nd surface (detention or depression storage). 

'- If aU of this detention sto'age is fil3,ed, the excess of 
precipitation over infiltration and evaporation Will flow 
over the surface with the slope .qf the ground twarda the. 
nearest open drains or ditches (overland flow).s 

Infiltration theory based on the thebry of unsaturated flow 
or two phase flow in porous media has provided a basis for 
tinderstanding irifiltratioii behaviour /1, 6, 101. 

S?il water Inov.eme2it 1  

The water will move in the soil in response to molecular, 

tillary and gravitational forces. The movement of water in 
larger soil passages is governed by gravitational forces. 

The water in transIt is called gravIty water. The . unsatrat ad. 
soil Is cà$ble of holding a certain5 amorit of water against 
gravity by means of the capillary forces. The miiaximum amoul2t 

of water which Can be retained against the force of gravity 
and represents the storage capacity of capiliary water' is 
called the field cappci1y PC of the soil. The amount depends 
upon the soil texture. Plants can not utilize all of: the 
capillary waterjstored in the soil. The lcier limit 6f 
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utilisation of the soil moisture is clled the permanent 

wilting- point (PWl'). The difference between the soil water 

•con.tsat at field capacity and the wilting point represents 
the availab1ewater (AW) for.tianspiration -  and body building 
of vegetation (Pig. II.3.-0). In most oases the lower layers 

of the soil are less permeable than .tbe upper. Therefore the 

infiltrated, water is stored) beyoid field capacity toward 
saturation above layers with low permeability. This causes a 
lateral flow oomponent in the- upper layers which is known as 
izi'Lórflow. 3inoe, in most caBes it is difficult to distinguish 
etyeen overland flow and the quick component of the interfiow 

in upper layers, the two components are combined and described 
as surface or direct storm runoff fi, 14/. 

Groun.dwater reohanga 

Infiltrated waterwhich percolates downward in the unsaturated , 

zone and arrives at the water tabel of the groundwater is 
called natural groundwater rechargg. The groundwater can be 

regenerated naturally only from precipitation as a result of 
the natural groundwater reohargeor by seepage from surface 

waters as a result of bank filtration. The groundwater ±e-
charge is only partly compensated for by artificial renewal for 
water supplies. The remainder returns to the surface part of 

the hydrological cycle by means of evapotranapiratioll and sub 
srface runoff which ultimately discharges into a surface 
water body. The planning and the exploitation of groundwater 
resources dvailable require the determination, of the 
long term means and the variations in natural groundwate,r re- 
charge. For lowland regions anc plains where the groundwater 

table is deep and there is no significant surface runoff, we 
can regard the runoff 17 as identical to the groundwater runoff 
which, in turn, corresponds to the long term natural ground- 

• water recharge GWR. 

Thus, the water balance equation for long term means 

• 	applies'in the'.form 

mm/a 
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The mean natural groundwater recharge' represents the upper 
limit of the available natural groundwater . This quantity 
may be raised, for restricted periods by taking water from he 
static groundwater resources an the condition that these 
ree9urces wil bereplenished by Surplus natura] groundwte 
recharge during periods when extraction rates are low.. 

Then planning zneanuree £br extracting groundwater. in sub-
ata,ntial.quantitiee, the hrdrologioal situation must be used 
asa starting point to determine the yield ofthe atmta and 
rocks containing the groundwater  by, means of geohydroingical 
meaureinent' and calculations. Watier ba1ance àalculations must 
then be performed to. enauie that the groundwater recharge ob-
tained from prec1p.tat.on or by bank £.ltration will be equal 
in magnitude.to the water extraction. Furthermore., It is 
necssary to estimate the effects on surface Dunoffas a re-
sult. of seepage due to bank filtration and as a result of the 
reduced discharge of groundwater Into surface waters 

'12,  

XL 3.2. Groundwater 

Groi.thdwater, i.e. underground water which fully saturates the 

8011, Is the most important resource for di'inkin water supply 
in several countries. The upper surface of such a body of 
water is known as water table. When the groundwater level is 
high enough relative to the drainage system of the catchment 
bain4 groundwater will enter the' drainage channels and 4  con- 

• 	tribute, to the iunoZf as base flow. In htmid and temperate 
'.area, this base flow pràvides the long' sustained flaw 'during 
the dry periods. There the groundwater level is low or ground-
water is 'absent, there will be no base flow and the streams 
of the basin carry water only for a short period after rain-

fall' (ephemeral streams). 	 I  

'Groundwater may be lost from the basin by deep penetration 
through permeable rooks. A natural formation which yields its 
water easiJj is tailed' an aquifer /11, 12, 15,, 16/. 

* 



II. . 2. 1. H.ydrologo proerties of aquifers 

- The main hydrologic properties of porous media are: 

Porosity, 	- he ratio of pore volume to the 'total 
* 	volume of a given sample of material 

I and 
Permeability 	measure of the ease with which f'uids 

pass through a porous material. 

Since the resistance to te flqw of water is related to the 
size of the individual pores the void ratio really does not 
precisely desqribe the soil material. The coefficient assigned ' 
to scale the permeability is called the "Intrinsic Permeabiljty. 
A porous medium has an Intrinsic or Specific, Permeability 'ic' 
of unity if it will transmit a uni volume of water at unit 
visCO8jty within a unit t,ime through a cross eection of unit 
area under a unit hydraulic gradient: 

Q..9 	fdhT1  
(-1 	mm2 	(8) 

Where Q is the fluid volume discharged per unit time throiLh 
a porous medium of cross—sectional area 4., 17 is the kinematc 
viscosity of the fluid, S is the fluid mass per unit volume, 
is the acceleration due to gravity, and dhJd•is the hydraulic 

gradient in the direOtioxiof flow. 'k' isa property o!'he 
porous medium and is usually expressed in dai4cye (1 dei-cy 
0,987 x 10 .  ox2). The hydraulic conductivity is a property ,  

of both the medium and the vizcoua properties of the water. 
.he porous thedium has a Hydraulic Cpduc,yity of unit length 
per unit time, if it will tramnitlà unit volusteof water at 
the prevailing vioosityJ( in unit period through a unit 
cross section of porous medium under a unit hydi'aulic gradient: 

lc.g.g 	Q 
- 	K - 
	= 	

in st/s 
A(dh/dx)  
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Bernoulli inerity theorem 

!rhe potential function governing the ground.water flow in 
porous inedJ.a is, in units of energy per unit fluid mass: 

g • z + 	 : 1/2 v2 	(10) 1 0  
- Where is the hydrauliq pot eittial at a given point, z is 
the elevation of the given point .bove datum, p is the 
êaue pressure (i.e. absolute pressure minus local athospheric 
pressure) at the point, p is the atmospheric pressure, and 
v is the fluid velocity. The kinetic energy term 1/2  v2 , is 
usually negligible for the case of fluid flow througIi porous 
inediao 

By defining h =/g and setting p0  -0 (i.e. local atmospheric 
preasu.re = zero gauge pressure) and letting p 	g \. 1 

1.o. neglecting the variation of S with pressure, the Berv,ullL 
• 	energy theorem my be rewritten a!: 

h=z+3L1 	(11) 

Where h Is the hydraulic or plezometer head, z is the elevatio-
naJ. hMd. and P in the pressure head. Théref ore the water level, 
Ii, measured in a piezometer placed at a point of elevation s 
the sum of the heads due to the elevation and the hydraulic 
pressure at that point. 

Daroy's law 	- 

Tha principle relates the veloci-ty in the porous medium to. 
the hydraulic conductivity and has already been stated in (8): 

dh 
• 	 • _x.- 	inm3jm2 . s 	(12) 

dx 

Where q = Q/A in (B) and is. lQiàwn as the Deroy or filter 
velocity or 'the specific discharge, and K, ,is the hydraulic 
conductivity in the x direction. 
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The- mean velocity of water in thepore (average pdre-water or 
groundwater velocity) ' must also sonaider the porosity n. of 
the formation: - 

q 	.dh 
V = - 	- 	in rn/s 	(13). 

n . 	nd.x 	. 

To.determine V the effective purosit fl IE often used which 
may be defined, as that volume oZwjter, as a percentage of 
the total fully saturated voi4 space, which can drain from 
a saturated sediment or rock under gravity. 

The pore-water velocity V is responeibla for the transport of 
contaminants within an aql\lifer /11, 12, 15, 161. 

The tanamission of groundwater in. many major aquifers is not 
by intergranular flow through pores but by 'fracture or fissure 
flow'. throuh systems of separated planar or semi-planar Bur-
faces. The frictional resistence to flow through such fraãtura 
systems may be considerably le8s -than through an equivalent 
length of aquifer in which intergrenular flow occurs, conse-
quently fracture permeabiLLties maybe significantly greater 
than intergranular permeabilitiea/15/. 

11.3.2.2. Contaminaui migration into subsurface waters 

Groundwater contaminants may -enter an aquifer in various 
ways (Pig. II. 3.-li) /12/: 	. 

Contaminants deposited in bulk on the ground surface may enter 
water-table aqiAfers'by vertical Infiltration. Liquid contamin-
ants may infiltrate directly. The soluble components of solid 
wastes tend to become dissolved in rain water or irrigation water 
-and to percolate to the aquifer. 

Other contaminants may enter the subsurface from conta-
minated surface waters, where, the water levels or rivers or lakes 
are higher than the local water table. Under natural conditions 
this situation is uncommon. The pumping of groundwater may, how-j 
ever, lower the water table and consequently encourage the in- 
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Table  ______ 	obable effect 'of varibua proceaeson the 
itobility of .cnatithenta ±n sub surfa&e waters 
cot*ited by waste dlepoal UNESCO (1980) 
(Ie&ifiedZromLangmuir (1972)5. 

Physical POOeBeC 

I}ispereio'n - Causes dilution of wastes The dispersive 
capacity of a oroua or fractured medi.um is dLiectly 
d.ependent on the ground later velocity and the hetero- 

• 

	

	geneity of the aquifer nteria1a, and is inversely 
proportional to the porosity. 

Pi1tratin - FarrO reduotion In amounts of .subatthices 
• associaled with colloidal or larger-sited particles. 
Most effective in olay-rich.materials. Last effective 
in gravels or fractured or cavernous rook. 	- 

Gas movement - Where it can occur, favors aerobio .breakdown 
oforganic subatances, and increased rates of decompo- 

• sition. 0ontjtuets mobile wider oxidized condjtions 
will then predominate. Restriction of gas movement by 
impermeable, unsattu'ated materias or by  saturated 

• 	materials, can produce an anaerobic state, and reduced 
• 	ratos.of.organlo.decay. hiswiU mtlize substances, 

• 	soluble underanaero$ic conditins. 

Geohemioa]. Processee 

• 	Coniplexal ion and ionic strength - Complexçs and ion pairs 
• most oftn form by combination of ions including one or 
1more multivient ions, increase in amount with increased 

• 	'40unts of ions involved. Ionic, strength Is a meau'e of 
the- total ionic species dissolved in ground water. Both 
ioniO strength and complexation increase the total amount 
of species. otherwise limited by-processes such as oxi-
dation, precipitation, or adsorption. 
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. Acid-base reactions - Ic,atoonstituentS increase in aqlu-

bility and .tlius in mobility with decreasing pJ. Ii organic-

rich, wate 	H' rs, the lower ps(4-) are associated with high 

values o carbonic acid and often also of organic acids. 
These will be most abundant in moisture-satwated soila 

androck. 	. 

Oxidation-reduction -Many elements can exiat in more than 

one oxidation state. Conditions win often be. oxidized or 
onLlj partially reduced in unsaturated soils and ground wa-

ter recharge areas, ut will become .reduced uilder satüratei 

condi -Uois wbeh excess organic matter is present. Iiobility 
depends on the element and pH i3vo1ve6 chromium is most 

mobIle under oxidizing conditions, whereaB iroti and manga-
ner are most mobile under those reduced conditionS in 

winch dissolved oxygen and H 2S are absent. 

PrecipitationLdiaaoluti011 - The abundance of anions such as 
carboiaate,phosphate, silicate, hydroxide,.or sulfide may 

1eádto preipitation especially of multivalent cations as 
insoluble compounds. Dilution, ,or a change in oxygen content 
where.preçipitation has involved oxidation r reduction, may 
return such constituents to solution. 

. Adsorption-desorption - Ion exchange, can. withhold, usually 
temporarily, cationsand to a lesser extent anions, on the 

suraces of clays  or other collOida1-ized materials. 

Amounts of adsorbed metal cations will increase with jj 

creasing pL Molcular speOies may be weady retained 'on 

colloidal-size materials by physical adsorption. The much 

OF ., 	stroger binding forces due- to chemisrption result in 
the formation of surface compounds involving metal ions 
mineral grains. Depending on the nature of the adsorption 
bond adsorbed species may return to sölut ion when more dilute, 

moisture comes j.n contact with the colloidal matrial 
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BiocheicalProcesse 

Decay and reapiration - Microorganisms can break down in- 
soluble fate 1  carbohydrates, and proteins, and in so 
doing release their conètituents as echutee or particu-
latea to subsurface waters. 

(Jell syntheia - N,C,, S, and P, and some minor elements 
re required for growth of .órganiuma, and can thus, be 
retarded in their movement away from a waste disposal - 
site. 

I 

( 
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• £iltmtidn. of polluted surface Water into aquifers.. A sim1ar 
situation can develop along coast1iries where the intrzsion of 
..a1t water into fresh-Water aquifers may be a cnisequenceof 
.o'verpwnping /16/. 

3.. Contaminants may.migrate into aqu±e.zsdueto the hydrQ-
geologic effects of man)s activities, eg. 

waste-water storage 1agoon or tankaon th surace; 
ôlarification ba4ris aug into the growi; 

a) subsurface storage tanks, oil and gas pipelines; 
d).dispo8al 'wells. 

4. Finally,coitamination may increase at depth due to the 

Interaction of foreign or exoic materials, and surface or sub-
surfaóe waters. For example, water-logged 'sand, clay and gravel 
pi.ts and abandoied mXies may become filled with wastes. As a 
result of the disposa1 of large amounts oZrubble froi bl4ldings 
(.g. after the Second World War) he sulpb te conçent of ground-
waters may inoreas1 because of decomposition of plaster /12/. 

I4ain human activities generating contaminants are 
- agriculture (inorganic and organió fertilizers pesticides, 

livestock, silage) 
- mining (solid and liquid wastes) 	' 
- household, oommerci4l and industrial solid wastes 

- household, commercial and industrial liquid wastes (raw 
sewage, septic tanks, sewage treatment', sewage slude' storm 

• water drains, varioa induetial wastes). 

I 	 - 
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11.3. 3. 	Sijrfece water 

Surface water is the w&ter, flowing in torrents, ri4iers and 
streams and the stan&in water in ponds and Jakes. Surface 
water and groundwater are closely coupled in most cases. Sur-
face water is the main resource of water supply for industry 
and irrigation. A natural stream or ,a lake cloaeby are the 
most economic source of water for a city. To judge tie suit-
ability of the surface water we have to apply two criteA'La 

- the dependability of the flow, and 
- the ivaiity of the water. 

Since the quality and/or dependability of surface water often 
is insufficient for drinking water o  the main source for the 
latter in general is groundwater. - 

Without storagecapacity, the water demand of the city plus 
downstream ri:parian-reqi.lirements should be iess than the low, 
flow occuring with a given probability. Important factors in 
the dependability of trearn flow are the size of the draihage 
area, the climate and the charactei'istics of the drainage basin. 
The larger the drainage basin and the wetter the climate, the 
larger the dependable flow. 

If the dependable flow of ariver basin is insufficient to 
satisfy the estimated demandi, but the average flow is aiple, 
the demand may be met by constructiig a; reservoir. 

11.3.3.2. Factors infJuer.icng the surface runoff 

The hydrologic regime of a stream is the rest of the formation 
and concentration of runoff in its.basin. The characteristics 
of the basin are the main factors influencing the surface runoff. 

They may be devided into two groups; geographical factors and 
gebmorphological factors. 	. . 
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Gegrpbical factors 

- Climate (precipitation, radiation, heat, air motion, 
evaotranspiration) 

The velocity is measured on several points by counting the 
number of revolutions of a current meter during a short time 
period. 

Discharge measurements are needed for different water stages 
of the river to construct the rating curve rf the river profile. 
This is the relation between water stage H and discharge Q. The 
individual discharge measurements may deviate from a mean 
relation Q = f (H), because of insteady flow, variing aquatio 

- growth with seaan, influence of variable back water, changes. 
in Cross section. 

Other discharge measurement methods are trace methods, indirect 
methods, acoustic flow measurement. 

11.3.3.3. Streamflow calculations 

To assess the quantity of water available ma streead generally 
the following levels Of streamlcw data. are utilized: mean 

.al runoff, the man monthly diechargea, and the mean daily 
discharges. 

Methods of calculating stream flow are based on the following 
main sonsiderations. WMO (1975). 	- 

Variations in natural river flow during the relatively 	-• 
short period of hydrometric observations and the exiBtence 
of the planned structure are assumed to be randOm variations 
about a stable mean regime; 	

12 

There is a general pattern of flow variation.s• by season, ih 
accordance with the annual. cycle of the earth's rotation around 
the sun; - 

El 
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c) The amival maximum and minimum discharge obey the general 
law governing the probability distribution of random values 
bf varying magnitudes. 

- Soil (mineral composition granulation, nutrients) 

- vegetation (vegetation cover, plant physiology) 

- Man's activities (land use, artificial reservoirs) 

Ggomo2OAolqgjca1 factors 

- Size and shape of basin 

- Streem-.claannel systmp and. stream lengths 

- Basin slope (me,xi ground surface slope) 

- Character and slope of the stream (upper, middle and 
lower reaches) 

There are a great number of factors influencing runoff, they 
are interconnected and often counteracting. 

11.3. 3.4. Meaaurenand analysis of river discharge 

?or the assessment of available water resources and for hyd.ro-
logical analysis the measurement of water stages (river, lake 
and reservoir stages) and the discharge of rivers is extremely 
important. The site. for. measurement should ensure a stable re-
lation between the stage and the discharge and an easy measure-
ment of the, flow. WMO 0 980.). 

For, moasuring the stage manuel (non-recording) and recording 
gu,gea are used. The etaf.fgauge is moat common among the non-. 
recording gauges. It consists of a graduated plate fixed in the 
stream or on the bank or on 'a struàture, i.g. bridge. Recording 
aies can be classified by the' stage detection methpd (float, 
hydrostatic pressure) and y the mode of recording (continuous 
line on 'graph paper, 'sequence of punches of a digital stage 
recorder).. 
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The most common method of discharge meauremeit is the 
'area-y-elooity-mettod'' using the Continuity equation 

Q/J•3 	-1 	=A/m2 v/rn . 871 

ciisckiarge th.rogh 	= wet croas.seotion., 	x averegé.. 	• 
across section 	area 	 streas flow 

velocity.. 

11.3.3.4.1. 	Lean amLual runoff 

The rnaximwn potential quantity of water available from a basin 
in the long run is given by the' sean ainual ruxoff Q. Therefore 
the long-term meaxi discharge of a strewn is of furidam€ntal im-
portance for a aurfaoe' vatr' iuventory. It is also used as a 
unit in terms of which the annual runoff of current years and 
the amount of runoff in Individual seasons are expressed. The 
value of mean annual.ruuoff does not give-an ida as to how 
much, the rinoff in individual years can ditfer from the average. 
But, the greater the variabaltof azival runofl the more diffi-
cult and expensive becomes the. xnanagient of water resouroes. 
Therefore, such deviations are of practica]. isportance. The basic 
measure of variability is, the square root- ofthe variance called 
the standard deviation. To enable comparison of runoff variabil-
ities for ponts with different values of ainual runoff, the 
dimensionless coefficient of varia'tionis prefereable. Yfl0 (1973). 

Probability, distribution of meanlannual runoff 

The mean and thecoefficientof variation alne are not suffi-
cient for answering such questions as what is the probability of 
tkie annual runoff not exceeding 50 % of' the mean. To solve water 

- mamagenrent problems we need the probability distribution of 
annual runoff. 	- 

Probubility curves of river flow are described with sufficient 
accuracy by three pard.metera; 
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the mean 4nnu4l £low, the coefiiM it of va.riation and the 
coefficient of skewness. 

Three properties pf runoff prObability 'distribution can be 
derived from the. physical nature of runoff 	

t 
- its shape is asyirmetrical tekew) 

- the distribution is limited inone directioa (lOwer tail) 
and unlimited in the other(upper tail) 

- the absoltte lower limit is zero. 

The measure of asymmetry (coefficient of skewness) is an Lm-
portant characteristic of distribution shapé but it is very 

diff.cultto estimate the exacteoefficieiat oakewneas from 
the available data series. As anual runoff of most rivers 
seems to exhibit positive skewness this has become  an a priori 
asumption±or .nnual• runoff distributions. Positive1y skewed 
models, like ganma and log-normal types, are often applied. 
I1hese two-paraiueer distributions do not require the ooeffidient 
of skewness to be calculted from the data and can be fitted 
just on the basis of the mean and the coefficient of varj.ation. 
The coefficient of s1ewnéss Cs is a function of the coefficient 
of variatioz Cv. 

Cs = 2 Cv for gamma distribution, and 	
V -. 

CB = 3 Cv + Cv3  for log-normal distribution. 

- blainly rivers with laige storage capacities in-their basin have 
much smaller velues of Cs. To achieve flexibility in skewness a 
power tramsformatioi or a locatioirparameter c is introduced, in 
the first casa a variable a . Qb (whexe a and b are parameters 

that can be expressed •inerms of Cs) rather thanQ, Is asumed 
to be gamma distributed. In the econdase it is assumed that 

• 	a variable Q - c rather than Q possesses the ganmia or log-ormai 
distribution. The gamma distribution with a location  parameter 
is known as a Pearson type III model. 
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Par fitting of distribution iiodels the data can be plotted on 
probability paper with a special abscissa scale vd2are a certain 
type of distribution Lunction appears as a straight line which 
is fitted to the plotted points of annual data arranged in order 
of magnitude. Objective methods ot fitting are the method of 
moments, the method of maximum likelihood, the method of Least 
squares, and the quantile method. These methods are not very 
accurate. 

A plot of a fitted distribution fuiction is the final practical 
objective Of distribution fitting giving the values of annual 
runoff of iesixd probability. WMO 97). 

2ime-dMendent behaviour of aival runoff 

A sequenbe of annual ruioffdatais called a time series. It is 
a special feature of hydrologic time series that they, show high 
variability and large scale raudom variationabout a mean cdue. 
A time series may be marked by a superposition of randm, cyclic 
and' trend components. It is extremely difficult to decompose the 
composite time series into its components, but there may be a 
relationship between the various components and basic physical 
laws. 

It is important to laiowthe pattern of time fluctuations for long 
term hydrological forecasting, long-range plathifng in water 
resourceè and design and operation of flow regulating reservoirs. 

If.tber is no trend in the sequence of annual-runoff data, or it 
ha8 been.removed, the series can be regarded as a discrete 
stationary stochastic proceasi Its stochastic behaviour is 
characterized by the autocorrelatióu function, which-can be 
estimated by the correlation coefficient between the pairs of 
annual runoff values k years apart . 

cQ—) i+kn 
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where 61, the variance. In a in.1te i-term series the above 
summation can be carried out from I =1 to I = YA -  k. With in-
creasing k the reliability of rb  decreases. 

if no reliable inference can be made about rk,  k 2, 
but r, is significantly different from zero, the series can 
be fitted by first order Markow chain 

-r. Q11  +RB1  

with the autocorrelation function 

rkrI 

Where RE1  is a random element whose distribution is a function 
of that of Q . WMO, (1973). 

Simulation of series of annual roff 

The real time-pattern of futu.re fluctuations of. the stochastic 
series of mean annual flow cannot be predicted. But in water 
resources planning and management decisi ona are necessary taking 
into account time horizons of several decadesr. A way out of this 
dilemma is to test a given deciaion dna large spectrum of 
posable future runoff.fluotuations thus obtaining a multitude 
different outcomes from which the probalitiy of the desired outcome 
can be assessed. Using a mathematical model for the time serie.s of 
annual flow, like the fir8t order Xarkov chain, •one-as tO.simua 
late by coinputerálargenumber of possIble variants of the future 
runôff series and try out the intended water management policy on 
each of them. An a result of this application Of the Monte-Carlo-
liethod a number of possible outcomén is obtaineu from which the 

• 

	

	needed information can be extracted. Stream flow simulation is 
described by PIRIHG (1967) âth DICK and othere (1980). 

I 
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II. 30L4. 2. Mean monthly rivr flows 

There are many water reouIcen manageaent problems for which 
the icnowledge of the annual runofl ja not sufficient (irriga-
tiori. projects, low-head water power development with small 
flow regulation capactiy, water Qollution . iz 1  a stream with a 
constant input of wast'e water ..-). In such oases mean month-
ly flows are used for describing. sub-anmuial distribution of 
runoff. Preqtiency distributions of runoff and. its parameters 
can be obtained for each month 	the same manner as described 
for annual runoff. Al]. parameter are influenced by the periodic 
component in the serie.S of mean mvnthly flows. Itis therefore 
a much more complex stochastic process -than a sen9 of meari 
annual flows. 

I 	 - 	 - 
For simulation of time series of monthly flows a twelve fold 
linear regression model can be used as shown by DICK and 
others (1980). It requires-to specify -the 12 distributions of 
monthly flowS and the 12 correlation coefficients between the 
flows of successive eioutha. 

11.3.3.4.3. 	Mean iily river flows 

4 

Mean daily flows are the basis far computation of mean montbly' 
and amual flows. They are used for planning design and opera- 

- tion of water supply from unregulated streams, waste water 
dilution, on-river water power installations, and navigation. 
By platting in descending order mean daily flows from the 
entire period of record and rescaling the time base of the plot 
to beequal to 365.25 daysiwe obtain the.baaic.duraton curve. 
The value of flow rate corresponding to a certain number of 
days'm, on this curve,theu gives a mean daily flow which is 
exceeded, on the average s, during in days of a year. The dura-
tion cirve can be used when dealing with the above mentioned 
water management probLems'/WMO (1973)1. 

a 
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11.3.4. 	'Interretins soil-water-,p].ant 	- 

II. 3. 4.l 	1rothiction 

The relationship betWeen vegetation and climate figures among. 
the most difficu3.t 6nes in ecology. It has occupied researchers 

ii,ncó the es -tablishment of agricultural •ocietiea. Vegelation 
uses solar energy and water to convert carbon,, nitrogen, phospho-
rug, and rther elements into plait tissue Th carbon diffuses 
through pores :in the leaves as carbon diode, while the minera] 
flow in'aqueoiis solution from the, soil -through the rootS. 

Plant growth can be looked at as a system copsistirig of three 
parts:.scIl, plant and atmospheric edndltions (water and ergy 
supply). When assessing the water demand of a plar each of the 

-three componeüts must be taken into account. For the estimation 

of - expected crop yield we need; 

- assessment of potential evapot*anapirt1on, which refiect 
the energy supply by solar, radial ion 

• - assessment. ofreduction of actual evapotranspiration with 
decreasing water availability (soil moisture) 

1' 
- a procedure for -balancing the soil moisture to assess the 
actual available Boil moisture. 

11.3.4.2. Terminology of pianLwater demand 	- 

The terms Evaporation E, Transpiration t, Evaotranspiration 

ET (see 3.1.1.3.)-are specified for different objects: 

Eo' : ' evaporation of an open water sutface 5m/7 
ETo : - evapotranspiratioxi of an area with optimal supply of 

water and nutrients grown with equally high short 
green grass Lm/d7 used as reference crop for the 
detemij,ation of the potential evapotranspiration of a 
definite crcp (Unit Ep) 

EPp : potential evapotranspiration of an area covered with 

adefiflite crop species, dependent on the stdCe bf 
plant development 	. 
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ETa 	actual evapotranspiration, dependent on the avails 
soil moisture, atmospheric conditio, and the soil 
and crop characteristics 

The critical hydraulic properties of soil vary widely with 
textura]. class. They can be characterized by 

n 	total porosity, equal to the volume of voids/volume of 
eoil; - 

inactive porosity, equal to the void fraction hot partici- 
pating in soil water movement' under normal pQtential 
gradients, 	- 

ne effective or active porosity, equal to n(l-n 1 ). 

Apart from the terms Field Capacity (PC) and Permanent Wilting 
Poirit (PWP) in Vol % or mm/dm soil coluflin we use the following 
term2 to describe the water in the -soil; 

water conterit (soil moIsture) of a soil in volume 
per cent L791 g or in mm 
soil water potential or auction in Pascal or bar 

Foi the region between PWP and PC (Pig. 11.3.-1 0) we have 
approximately the relation 

	

b 	 (1) 

with a, b soil specific constants. 	I  

) - useable soil moisture In Lm/dg or 5er ceñ7 
.W u

u = PC -PW 

available soil moisture ZWdE7  

'a 	- - ?NP 	a XYU 

Zr: depti of root zeue [dm7 

effective useablesoil moisture of the crop Cmsi 

-
.7 e 	

®eu  
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11.3.4.3. 	Determition of the potential crop evapoLraxlS- 

• ptiqflP 

For the calculation of the plant water demarit field experi-
ments should be performed. If such data are not available We 

can use ETp as a measue, for the water demand. The procedure 
is as follows: 

Determination of potential evapotranpiration of crt 
green 4rassETo 

In its I struqtion EAO (1975/77) reconenenda several proce-
dures. The best known are those of PE1ThWf (1948), BXJJJEY/ 
CRIDDLE (1947) and TURC (1961). 

Determination of the gRecific potential evpotranpIration 

Each plant species shows a specific behaviour regarding tern-
poral development of growth and resultant niaximuxn possibility 
of transpiration. Plant water use can be described by a 

species-dependent crop coefficient -Ku , which is the ratio of 
potential crop evapotranspiratlon to the potential evapo-
transpiration of a reference crop 

ETp =. K. ETo 

The value,  of K0  will vary with plant species and with the 
stage of seasonal grmwth cycle. PAQ(1975/77)  published K. - 

funQtons for most crops. 

	

11.3.4.4. 	Assessment of actual evapotranspiration 

The decrease of soil moisture results in .a decrease of the eve-
potranspiratin rate. The amount-of this decrease is variable 
and depends onmany soil, plant and clinate factors. The inter-. 
dependence of these ±actors and the degree of its influence pn 
evapotranspiration is a point of international discussion and 

research. - 
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•or the assessment of direct interdipendence of actual eva-
potranapiration'M., potential evapotranspiration ETp and 
avai3cab3.e soll moisture aeeral models have been proposed. 
Most of them give the relative evapotranapiration Eh/ETp 
ace function Of soil moisture 

ETa 
•= 	(®) 	 (2) 

ETp 

Examples are the following models: 

WFRM{, PâRXKH and SRI ASAN (1974) propooe the following olaas 
of funoiióna 

QLJJ 	 (3) 

a -. 2e-r@max i.  e€ 

cemax  availables soil moisture at field capacity, 
free paremeter. 

EdEERO(1969) uses1 the relatioii ETa/EqL 	f(s) with 

= 	 (4) 
/ 

ET 	is the maximum possible ET uMergivencoMitionb, if soil 
water is takenaS a non-Liini.tixig factor. K is the coefficient of 
proportionality given for different crop dependent on ETp, 
dn is the soil moisture content LVol 17 for which E!1a = 0.5 BTMX  

BAGROY (1953)  developed the differential equation for annual 
means 	 Ii 

= 	 (5) 
dP 	rETP) 

with n as parameter of efficiency, characterizing the efficiency 
of water supply () and energy suji (5) at a site with given 
soil and vegetation. 
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.For the conputation of the ctual water balanàe we have to 
take into aocoiiit the cha]ge it atorage. Therefore, eu. 
() is n2odifled. 

1. 
dETh 	

) 	 (6) 
ETP 	 d(+As) 

Dyreatic geohdoiogioa1znoc1eis havebeex. d.ev1oped for the 
coniputation of actual monthly ,watex balance values specific 
oa given site. From this models water fluxes and water..coAtent 

different soil layers ofthe aerationzone aréobta3ned, 
DYOK (1980). ¶l!bese models áan be used for the computation of the 
a&l water balance and for the plaw1ne *  design and. operation 
of irrigated areae 

/ 
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IL 3.5. 	IrrtRatioñ and Draire 

11.3.5. 1 .,  I xi t r o d U 0 t 1 0 U 

Irrigation and drainage of agricultural areas have been kuown 
for about 4,000 years. Mainly in comparatively diisely popu-
lated and rain-deficient regions extensive irr:Lgation syatems 
were built, which constituted the basis of the prosperity of 
the people who lived there. 

A good example of the close relation between the development 
of the irrigation techniques and the wealth of a society is 

• known from Mesopotamia, the region between the Euphrates and 
Tigris rivers! The development of the irrigation and drainage 
agricul tu.re  for abOut seven mill ennlums ensured a flourishing 
society. The destruction of the irrigation qysteni by cats-
atrophic floods together with soil selinization initiated the 
downfafl:of societies and cultures., 

Whereas irrigation serves to get higher rethrna in agriculture 
in and regions, laud d.tainage is the removal s  by artifical 
means, of water excess from the soil or the land surface, its 
objective Is to make the land more suitable for use by man. 

In agriculture, it aims to increase production, to suatai 
yield.s, or to reduce production costs. In many countries d,r4nage 
has always been a vital vecessity for the cultivation of land 
otherwise unarable; for the improvement of moisture toummake 
the cultivation of a greater variety of crop's possible. 

11.3.5.2. Irrigation 

II. 3.5.2.1.Origjn and Quality of Water 

The water used for irrigatiQn is t.ken from the natural running 
or stagnant waters. Surface and groundwater are differentimi.tecL 
Wastewater arid bracldsh water are more end more used for irri-
gation too. 
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Surface water Surface waters are clasaified into stagnant and 
running waters according to fhe water motion. Streams, rivers, 
brooks, ditches and canals are running waters. Mainly in aZid 
regions t]ieir rate of flow may vary considerably, and especially 
in periods of increased water demand smaller water courses may 
completely dry up. Stagnant waters are natural or artifical we-
tera. Artificial water-reservoirs have been know-n since the 
begInning of 	 irrigation agriculture. in and regions mainly 
c1sterxs and eaith basi;s are available, which serve for collec-
ting rainfall. Retention basins and storage lakes at running 
waters are also vely important. 

GroundWaterG1oundwater supplies a large and ooutinuouly in-, 
creasing share of theirigation water. The potential tapping 
is determined by the recharge of groundwater, which amounts to 
only 2 ... 5 % of the rainfall in arid. regions. Groundwater can 
of course, be used by tappings of springs; as a ru1, however, 
wells (dug or drilled wells) are necessary for water supply. 
Kanats for wateF supply are common in the Middle East, e.g., 
about three million hectaree of agricultural area are irrigated 
with weter from kanat. 

Wastewater and brackish water: In industrial agglomeration areas 
and in the neighbourhood of large towns waste water is used in 
the irrigation agriculture, too. In addition to the utIlization 
of wastewater, attempts are made to increasingly use saline wa-
ters for irrigation. There is the danger/ however, that dUe to 

- the salinization of soil total, irrigatiQn areas will become 
unavailable for agricultural use for snort or long periods of 
time. Today the desalinition of water for irrigation is still 
too expensive and confined to a few. examples. 

3.5.2.2. Delivery. fee4 measurement 

In the classical irrigation agricalture water is brought to the 
areas to be irrigated usually by a natural elope. In nany cases, 
ho*evOr, - it is neeessarr to lit water from a canal or a feeding 
ditch. This applies in particular when water cannot be taken in 

at the upper course or if an elevated terrain is to be irrigated. 
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Plants driven by man power, draught aniils, wind power, 
hyd.ro-powCr, electric aôtore or interns.], combustion engines 
are used for water supply. In many regions of the Earth plata 

- driven by man power or 	power are still very importan. 

The measurement of the water quan.tity is necesary for an 
economical irrigation. Depending on the discharge and the 

technical facilities a 1vailable it is either carriedout in 
open c ondui.t s by means of measuring weirs or by flow mea sure-

men.ts in pipe lines. 

• 	The feed of water ha?a decisive funotion as the link between 
water supply and water diatributl.on. The efficiency of irriga-
•tion système is determined largely by the quality and service-
ability of all feáding systems, because they influence the 

water losses essentially. 

Water ised. through canals with or without lining or pipe 
• lines. The canals can beiaealed with qlay materLals, concrete 1  

mason.ry,Zoils or chemicals (e.g. bitumen sprayed. on). As a 
rule, the feed through pipe lines necessitates a higher expen-
diture on construction and higher maintenance cot. Water 
-losses are minimizQd, which may be decisive mainly at longer 
feeding distances. 

4 
11.3.5.2.3. 	Water distribution 

• In the irrigation ariculture the water distribuiion is decisive 

for success. A. water distributIon system is needed by means of 

whih the.water quantity required for the optimum developelnerit 
of plants can be fed into the areas under cultivation at any 

time. 	 - 

The Systems are classified into types, this is according to their 
purposes. 

Moisteningirriation serves tosupply water In or4er to in-
crease soilhumidity, especially to guarantee an optimum growth 
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of plants during dry periods. This is the most frequent kind 
of irrigation. 

Storane ixrigation means to increase the soil humidity during 
humid periods when water is available. During dry periods 
plantp tap water from this artifica]. etorage. By fertilizixi,g 
irrigation the soil is supplied with an effective quantity 
of plant nutrients together with the irrigation water. The 
irrigation by river water which is rich in sludge (e.g. in 
Egypt due to the overflowing of the banks of the Nile river 
before the .Lswan dam was constructed) can be classed with 
fertilizing irrigation. 

Frost precaution irrigation is intended to prevent frost danagea. 
It is confined to special cultures (vine, fruit) and .i8cf ].ocáJ• 
importance only. 

In the course of millenimiums, a large number of irrigation 
techniques have been developed. There is no irrigation technique 
which is ideal, nd'adequate to all conditions and requireaente. 
The choice of the technique mist aJ.waya aim at achieving an op-
timu staiel  with due regard to soil conditions, the financial 
means-and other charactejristic features. 

The irrigation techniques are difficult to 8y3tanatize beoauae 
different classifications are used i; different language *rea 
and fields of application. The following table shows the most 
important irrigation techpiques in Gexman, Buglish and French. 

/ 
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• 	erman designation 	English designation -__Prench designation 

I 	chezdlberstau 	contz'ollad 	frrigation par • 	
flooding 	aubersion 

Beokenbeaaerung 	basin irrigation 	irrigatioii par 
J. cuvettes 

S 
• I Leadetreifenbe- 	a border strip 	. 	irrigation par 

• wdsaerung 	irrigation. 	: -- 	p].an.cbe8 
• 	

•1rohenrieaelung 	furrow irrigatin 	irrigation par 

Purchenejnatau 	" 	irrigtion par 
rigolesd'infiltr.. 

Winterlurbé- 	subirrigation 	lation 
wdaaenP 	 aouterra,ae 

• 	•Tropfbewhsaerung 	drip iirrigation 	irzigation goutte. 
goutte 

Beregnung 	sprinkler 	irrigation par 

	

- - 	irrigation 	superaion 

The choice of the suitable irrigation technique depends on a 
large 'nujaber of loc&L and soo±al conditions,. eg. 

• ail (phyeicalproperttea, topography) 

- water (demand, necessary dosage, physical and 
olzemi.cal properties) 

- crop te 
and 

 properties 

- expenditure on óonatruotion and operation. 

The efficiency of irrigation is an iaporta.t characteristic. 
when planning an irrigation ayst. It expresses the ratio of 
the water taken up by the plant and the water quantity having 
bepu made available. A dtstinction is made between the of fi- 
• ciency of the total aysteiu the effidiency of the water supply, 
the efficiency of the supply to the fieldB and the efficiency. 
of water distribution, 	. 

• 	The efficiency of different techniques may differ widely; in 
general, the following efficiencies of d1s1tribution can be 
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expcted: for surface irrigation .0.5 - 0.6, for spray irri- 
gation 0.65- 0.75. The efficiency of the supply and lietri-
bution systems is cona.derably influenced by exact linen-
'.sioning. 

I1.3. 5 • 2.4. 	Pla2uli.5g d control of irrigation 

Before any new irrigation system is constructed, it has to 
be checked whether climate and soil necessitate irrigatiolL. 
Due regard shot2JA be given to economic criteria and  the sur-
plus yield of irrigated, cultures should considerably exceed 
the labour and the construction and operating costs. 

o far, there is no theoretial foundation which takes into 
account all requirement and conditione for determining the 
water-yield relation. 

The planning and control of irrigation systems require a 
high degree of interdisciplinary ca-operation between agro- 
nonieta, engineers and economists who have to be assisted by 

• mateorologiBta, pedo].ogiats and hydrologist a. Experience 
teaches us that.failurea.ofteu occur in caseof a purely 
techaloal approach to the complex problem. 

The control of irrigationaistemscan be done according to 

- plant-physiological criteria 
- óoil-phyaical criteria or 

chimatological criteria. 

The choice of a suitable regulation and control depends on. 
the available measuring devices, the demands made by the 
crops or plantations to be irrigatedi the. clinatological 
factors and other factors. 

The price of the irrigation water, which may considerably 
influence the ecohomic aspect must be. taken into account. 	- 
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II. 3.5.3. Land draina9e 

Land drainage is very old practice. Especially in the Nether-
lands, with much of its low-lands lying below the sea or river 
level, drainage has always been a vital necessity. The deve- ' 
opment of drainage all over the world was paralleled by a better 
understanding of the principles of drainage, upgrading it from 
a practical method based on ecperienoe and ski].l into a science 
based on the complex interrelations between the hydrological, 
geological and agronoinica]. conditions. Ifl. the nineteenth can- 

- tury the French hydrologists Darcy and Dupuit were the first to 
formulate the basic equation of groundwater flow through porous 
media and to apply it to flows to wells. ]n the thirties 
Hooghoudt followed by Childa, Connan, Ernst. and other welliciown. 
scientists dealt successfully with drainage problems, but when 
drainage problems are applied in pratice, we still face a num-
br of limitations. These limitations are a consequence of the 
wide variability we encounter in nature when dealing with soils 
and plants. 

We face a lot of questione like: how to characterize a soil - 
profile and how to measure a physical soil constant? All these 
factors contribute, to an inevitable inaccuracy which has to be 
accepted when working in land drainage, Therefore, the statement 
made by Cloude Houston in 1961 is still valid: "Although ex-
cellent progress has been mde in recent years in developing 
drainage criteria and-investigational tools, it still takes 
good judgement, local experience, and trial and error - along 
with a thorough undrstand.ing of the baaic principles - to design 
a successful drainage astem." 

II. 3. 5.3.1. 	Iy-drogeo12gy and drainage 

\An area drainage problem is cloaely related to its geomorpho- 

• 	logical and geogenetical conditions. The presence or absence 
of layers with good water-transmitting properties, of barriers 
and springs and the relation between groundwater and surface 
water will affectthe water conditions in or near the rootzone. 
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For hydrological purposes the layers are claasifié1 as; 

• 	- perviOus 

- sesti-parvious 

- imp.erYioua 

Alayer is said to be pervioi.s;ii its remietance.to vertical 
flow is imall. jEt mae- generally be neglected, so that only the 

• energy-losses ciused by horizontal flow must be -taen• into 
account.  

In a semi-pérv-ious layer the hórinontal flow rate over a longer 
distance is negligible, but vertical flow cannot be negleecd due 
to the Pelativoly small thiolmess of the layers. 

The layers containing groun&qdter  combine into aquifer systeml.  
These ayètema shoud be relatively sizsle in order to enable a 
inathematial teatment of g,ound water flow pi'oblems and should 
belong to bie of the following types 

confined 

• 	-- semi-confined 	I 

- 	- unoonfied 

An unconfined aqulfer or phreatic orwtertable âquifer, consists '- 
of a sturated part which is underlain y  an impervious layer. 
A Confined aquifer consists of a completely saturated layer 
whose upper and lower boundaries are impervious layerH. Con-
fined aquifers are rare in drainge problems. 

Asemi-conflned orle&kyaquifor oonaists ofa completely satu-
rated pervious layer covered by a layer with a water table. In 
many cses a vertical flow component will raise or lower the 
water table in the covering layer. 
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11.3.5.3.2. Soiland aojl properties 

.. 	.1 
The term Boil is often vague and conveys different meanings 

• 	to different people. The civil eng+neer',thó soil physicist, 
• the soil chemist or agronomist consider the soil' as unconsoli-
dated earth, as a porous medium, as a powder, or ak the medium 
for plant growth. 

• The cbainae specialist is concerne4 with soil proTertiee which 
affect the movement of water into and through aoila. The 
natural soil contains solid, liquid and gaseous materials. Soils 
auppl' crops with essential plant nutrients, in addition to 

• 	water and oxygen for root respiration. 

bther aspects. of hoil which have a bearing on p.ait growth are 

- its temperature which should be favourable to plant 
g'owth; 

- its mechanical resistance to the movements of roots 
which should not be too Ligh; 
it should provide an e]ivironlnent free of ohemical. or 

• 	biological condit.ons detrimental to plant growth. 

11.3.5.3.3. 	ZMes of field drains 	- 

The field drainage systems may cOnsiat of one or of the 
following typed of drains: 

- open drains : ditches 
- mole drains : unlined underground cbaiel-s 
-pipedrains. 

Open drain systems have their specific advantages and disad-
vazztages.. 
Advantages: 	Receive both groundwater and surface jeater, th 

gradient required is much lens than in pipe 

'0 	 drains or in mole drains, their  allow inspection 
Disadvanta,ges: 	loss of lana, 

• 	weed growth and erosion is possible, the land 
is Bplit up into seperate.parcels. 
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11.3.5. 3.4. 	onstz'4ct1on and aaterials for pipe •drain8 

The normal procedure in .conetructiig a pipe draizage eyetea is 
to - excavate a trench at the required depth end gradient 

- natali the pipee in the trench 
- fill the trench with the excavated ecu. 

The construction may be done by manuqa labour or by xnachinee. 
Clay, oonórete 1  and pisetic are th most comon znateriale.ueed 
in drain pipe productions. 

Cover materiale are applied to pipe drains for two purposes: 

to facilitate the water flow into the drain 
- to prevent the entry. of soil particlè8 into the drain. 

These materials are applied in bulk, in sheets or by mena of 
pre-enveloped drain pipes. 

C 

( 

U, 
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11.3.6. 	Water quality, water treatme&r1.nkig 
water SUPPlY 

IL 3. &. 1. 	C13nical water quality problems 

11.3.6.1.1. 	Eseial constituents in water 

For the purpose of this. survey only a few aspects of water 
use, partiéularly of 'drinking water, shall be mentioned. 

Among the ges digsolved ix water, special significaCe is 
attached to 23z son and carbon dioxide. Clean surface waters 
hAve a relatively high oxygen content which is very near to 
the value of saturation. The oxygen deficit is larger in 
polluted waters due to the biochemical conversion of organic 
substances. In such cases the absortjon of oxygen from the 
air and the oxygen formation by the assimilation activity of 
water plants Is often not thfficient in order to compencate 
the consumption. Sevre loss in oxygen results in dying , of 
fish and septic processe5. In contrast to surface waters ground-
watere often contain smaller quantities of oxygex. Sufficient 
oxygen content in the waterreduces the danger of taste impair-
ment and is necessary for the formation of a protective layer 
of line and rust in the pipework. Carbon dioxide gets into the 
wata from the atmosphere, from geological processes, and from 
biochemical dIsintegr'tion processes.: It is closely connected 
with the occurrence of carbonic acid and its' dissocialion prod-
ncs. Carbon dioxide has a' positive influence or the. water taste, 
it accelerates the disintegration of certain minerals, parti- 

- :cularly of carbonate stones. Thus, carbonic acid dan be assigned - 
aggressive properties. Therefore, ecessiVe carbonic aoid must 
be removed when treating w.ter, and an equilibrium between. 
line and carbon diode must be established. Due to. the ox- 

• change between water and atmosphere, surfaoe watelO possess a 
low content of carbon dioxide, while the concentration In the 
groundwater may be quite high 
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In the abaence of oxygen, under anaerobic ond.itigns, hydro-
gem sulpide can be produced by biochemical .dia-ixLtegration 
of organic substances and by cbnica1 processes from sul-
phidea. This poisonous gas is characterized by a stringent 

• 

	

	odour whih becomes noticeable already in small tracec. It 
is to be eliminated by the treatment pzooesa. It hauld'alào. 

• 	be. pointed out that au].phides oxid:Vmp uder .foration of 
aggz'essively acting sulphuric acid. As regarda cations, men-
tion should be made. of the hydrogei ion concentration which 
is characterized, byhe p11 value. The PH valuea of surface 
watero ae,in the neutral range while ground waters often 
have, higher hydrogen ion concentrations and lower pE Vlues, 
and thus can act aggressively. 	. 

The pH value of water is mainly aeoiZied by ljhe concentration 
of free carbonic acia and hydrogen carbonates. Many metabolic 
bhanges of water depend largely on the pEva].ue. 

The anoX'gaflLC oompoeiioxi of natral waters is choterized 
mainly by the rocks with which the water has reacted. The .. 
alkali and alkaline-earth minerals whj'ch are readily soluble 
form the major lpar(t  of catioz* components of inland waters over 
a broad scope.of concentration. 

- In genral, the sodium lonq outweigh the other alkaliions by 
more than 	per cent. Calcium ions are a4sorbed ftoi the soil 
and from suspended subtances of the water, so that the portion 
of caiQium ions amounts to only appzoximately 10 %. of the sodium 
ion content. 

Almost all waters contain calcium and magnesium ions. They are 
resjonsible for the hardness of. a given water which affects 
the utilization of wate,'in many ways when exceeding certain 
threshold values.. 

The interaction ofthe aloaliand.alka1ine earth cations, in 
general with chloride and sulphate ions, produce a salty or 
bitter taste of water. 
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In general, surface wate. contain iron and manganóee, ions in 
very small àoncentrations- only.. The pescenee of these elements 
is, however, typical for a great nLmber of grouM waters. In 

the presence dr dissolved ox gen, iron (II) ±ona are zeadily 
oxidi.zed to iron (111) oxide)whioh subsequently precipitates 
as oxide hydrate with lw-soInIility. The absence of disolv#d 
oxygen (groundwater) and the reaction of carbonic acid to 
,iron containing minerals 1eas to a higher iron (31) ion conceñ-
trations. The iron ions can be often found in a complex compound 
withhund.c aoid partly .  dissolved, ,partly in colloidal form 
These humates are v.ery stable towards oxida'ion with atmospheric 
oxygn. iron ions -can also get into the water by way of corrosion 
processes. Iron ions are'nDt harmful kLtbough they provoke an 

• 

	

	ink-like taste. The sedinentation of precipitated iron (III) 
oxide hrdrate leads to theologgingof pipework, to wl4oh the 

- 	pid multiplication of iroj bacteria is adding. 

This 41á0 applies to manganese ions and iron (II) ions. Even 
- all manganese conoentratiohe save a negative effect 4n the 
water, afld their eliminatioi -is more expensive as they are less 
oxidizable than iron ions. Both cations must be eliminated by 
water.  treatment. 	. 

Chloride, sulphae 'aid hylrgen cerbonate form the major part 
of anions contained in natural waters. Chloride ions can be 
fotmd in almost all water3, and their eoncentraions vathiea 
very much. Due to the high solubility of chlorides, chloride 
- ions are widely spread. Domestic and industrial waste waters 
can increase the content of cl2lori,de ions in a given watsr. 
This also applies to a number of other main components which 

• 	bae already been mentioned. Sulphate ions arl also widely 
spread as the final product of oxidation of sulphide like 
minerals as well as of sulphuric organic substances. Higher 
contentamay cause stomach and intestinal disturbances, and 
can do damage to concrete buildings. Cone erning the flegative 
effects on concrete fctcrs like the density of concrete, in-
tensity of the stagnant or flowing water, and temperature play, 
a leadin,g. role. Reactions of carbonate stones with the dioxide 
dissolved in water lead to hydrogen carbonate ions. In -the al- 

d 
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calic pH range these hyth-bgen cerbonate lena dissociate to 
carbona'e ions, while in the, acid range, un*iissoc.iatsd carbonic 
acid prevails.- Watex' practice therefore diatinuishee between 
free and bound carbonic acid. The establishment of an equili-
brium etaije between these substance skud the calcium ions is 
considered to be of great importancei.in order 	eliminate a 
possible aggressiveness of the water, and to prevent the pipe.. 
work from becoming overgrown by lime precipItation. 

1' 
• In this connection, with waste water influx and fertilized 

agricultural acreage, increasing importance i8 attached tothe 
addition of nitrogen and phosphor compounds with reápect to 
the -eutrphica -tion. 

• Ammonia and anmioni.wa ions are primary disintegration products. ,oZ 
organic nitrogen compounds, e.g. hydrolysis of urea. ndustria 1-
waste waters and fertilizers are further sources of water 
pollution by aszmonituu..ions. The presence of these ions is obeo-
tionble from a hygienic point of view. 

•.Ammonium ions are oxidized to nitrate via the interxaediar.y stage - 
nitrite by means of micro-organisms.. Like proteins, nitrate 
as the highest oxidation stage of nitrogen during the aerobic 
disintegration of organic nitrogen compounds, indicate water 
pollutions or signalize the use of fertilizers. Although nitrate 
ions are comparativeiy iarmlesa, nitrate is reduced to nitrite 

in the upper small intestine section in babies causing 
methaemoglobj.nemia which is rather dangerous. Care must there-
fore be taken that they excessive nitrate content is reduced 
during the wa-ter treatment process. 

\Apart from phosphoriia which is organicallybou, hydrogen-
phoaphate ions are mainly found in the water. As they occur 
mostly in minor concentrations, a higher content is an mdi-
cation for pollution, particularly introduced by fe&al matter 
and fertilizers. Phosphorus is often the initial. factor o± 
eutrophication, in general it represents the limiting factor 
Which is needed for the formation of biomasa in waters. Already 
small rises in cOncentration may lead to mass growthof algae. 
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Sisafl hydrogen phosphate concentrations are not dangerous to 
health. Phoaihorus compounds are added repeatedly to drinking 
water in order to form a protective layer in the pip ework. 

Organic substanes may have a negative influence on,the water-
use in various ways. Attentiou must be paid to poisoneous in-
plioationo,deter-Ioration of taste and surface effects. Altogether 
they may reduce the self-purification processes, and in extreme 
cases, they can atop them completely. It is oji.ite impossible to 
enumerate all organic substances that contaminate waters. When 
considering the water load caused by waste water contt.t5, the 
organic substanca alzould hold an eminent place. 

Organic water contents. include in the widest -aense U,ving orga-
nisins, their metabolic products, and also inanimate substances 
in dissolved or suspended form. A great number of organic sub-
stances contained in a waker are subject to biochemical disinte-
gration and changes. This natural self-purification of the water 
iscaused. by the complex interaction of pby-inal, chemical and 
biological prooeaaea, and leads, under. certain conditions, to 
the aineralisation'of organic substances. Water, carbon dioxide, 

• 	sulphate, nitrate, and phosphate are the basic final prdduots of 
these. With regard to the biochemical conversion, the organic 
water contents can be divided into three groups. 

i. 8ubtances which can easily be disintegrated bioshemicafly.-
The organic aubstancea of that group are mostly non-toxic, 
i.e. purely doinestj.c waste water. 

Substances which are hard to disintegrate biochemically. The 
aubstanc.es of that group are converted only over  longer perioda 
of. time, e.inplea are cellulose waste caters, and also mineral 
•ila. 	 - 

Substances having a toxic effect. There is no biochemical dis-
integration. Chemical conversio.s may take place over longer 
intervals, a tipiosl example are inSeoticidea. 
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This roughiy outlined classification mu2t not be applied edhemati-
óaUy.. Iuiieroua trand.tions are the rule. We lack: knoi1éd4e about 
type, etability, and effect of the internediary pxóducts fórmted. 

The following are organic substances which have gained an impor,- 
tan.t position over recent yóaret huinio and. .lignie ocmpouis, the 
wide spectrum of the pesticides -as well as cancerogenic eubatan- 

A munber of polycyolic aromatic ldrocarb.os, the cancerogenic 
effect of which is known, have been found in ndtual waters. 
Such aubátancea may get into the water by mea of road dust., 
an4waBte.watera, and their, synthesiai# is also possible intlie . 
fibre. They have also been found in algae and bacteria. 

When disinfecting water by xaeanà of chloride, as it is often 
done by drinking watex treatment, chloride products may be formed 
depending on the concentration pf organic substances. Reference 
shall be ma4e to the haloforn oomp9unds .whici are of simple 
oemical structure. Chlorforia is a haloforin compound and its 
tcic:effect is know. It is therefore Important to leax*A more 
about -the metabolic products breed during, water trtmeat. Our 
knowledge on the effect of, organic substances is 'broadened con-
t±Uu0uB17. The water treatment faces new pzobl s by the pre-
sence of hrmiUl substances,.and development of further process 
stages become necessary in order to supply dri'king water, which 
is clean from a hygienic point of view. 

The last mentionedsubstancec occur in water in minor comen-
trations as aooalled trace eubstanceE, a term which.ia gaining 
gz4ound. 	. 

11.3.6.1.2. 	Water analysis 

Cncentration of water 'compounds with the exàeption of a few 
special cases; ranges between 101 and 10 gil. The analysis of 
water compounds, particularly of harmful substances in the water, 
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is therefore idenica1 in moet oases with a trace analysis. 
Tlierefore,, any partioularitiea of the water a.nalysia have to 
be borne in mind whEn takng and prapaing the ssplà. In the 
following se basic remarks shall be made. 

The moat exaót findings o an analysis are use].eas unless the 
water sample whLch has been analysed is representative. Althoth 
there are hardly any ideal representative samples, any possible 
àare should. be takennot to change the properties or condition 
of the water saaple prior to analysis. 	, I  

The shorter the time between sample taking and the analysis, 
the more likely it is to keep any changes at a minimum. With 
some water compounds, partcu1arly with gases, an analysis or 
at least preservation or fixing of, the substances must be made 
in-situ, as already changes in ternperatu.re may causeohangesin 
the water-cond.ition. If the water analysis cannot be carried, out 
in-situ- this could be done either in mobile laboratories or 

I. automatic stations - the water sample to be tested must be pre-. 
served in order to prevent or delay changes caused by physical, 
chemical or bio).ogical processes. The abeence of a universal 
preservation substance preeens problems even to the experienced 
analyst. 	. 

Furthermore it is of decisive importance to known whether a water 
investigation shall only record dissolved substances, and whether ,  

• - suspended matter or coarser components shall be separated prior 
to the test. It is for the analyst to decide whether sedimentation, 
decaxitation, filtration or cen -trifugation is appropriate, and 
whether the preparati.ous must be enlarged,. particularly when it 
conies to recGrdi,ng horganj,c components by a disintegration 

• 	method. Xziowled.ge. of the absorption ability of the various harm- 
• 	ful substances of solid cOmponents and the.material of the sample 

containerq Is essential, as it is known that some water oompounds 
can be adsorbed by up to 50 % of theironcentratian. 

Watçr often contains harmful substances in such minor concen-
trationa that they can be recorded analytically only by spa-
.oial modern analysis methods and often even only after enrich- 
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metit. The necessary concentration of various harmful substances 
in water requires enrichment nièthods earmarked for special 
purposes. Advantages and disadvantages of such metbous are left 
or the e]cperieuced ohemiet to decide. Every mu'ihinent method 

represents a decisive interference in the aqueous kaystem  to be 

	

• 	considered when eluating the measured values. 

An ecact assessment of the water quality and the necessary 

	

• 	comparability of testingresu.lte can therefore, oz4y be aohieved 
if all laboratorieS concerned apply reliable,' attractive and 

	

• 	standardized analyses methodà. For this purpose a number of 
countries try to elaborate and reoomnend standard methods. 

The "Ihternational Standards for prinking Water" and the 
"European Standards" were not up due to the efforts of the 
World health Organi.zation (WHO). The "Selected. Method8 of 	- 
Water Tests" have been revised by the member couiatriea.of the 

• 	Coujicll f or Muta1 Economic Aid (CJMEA) and were published in 
the G]R (1). The analytical methods in this boàk which are 
based on current experience should be declared, as binding for' 

	

• 	any water analysis. 	 - 

In the following, probl enc shall be 'eniphasi zed which oócur in 
• the analytical investigations of harmful subatancea in the 
water. 

It is advisable to ditinguieh between the analytical recording 
of harmful inorganic and organic subatances in the water, for the 
folloWing reasons 

The number of harmful inorganic substances in the water 
be eureyed but this 4oea not apply to organic àompounds. 

Fewer now analytical problems result. from the inorganic water 
analysis than from the analysis of harmful organic aubatanca 
in the water. This has been expreesed in the attenpted-atazt-
tiardization of the au-called "Selected Method for Waster Tea-ta" 
(1) which\ ref ore still mainly to inorganic water com9oun4g. 
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De termination a-f ixmràno wtecpda 

The colorimetric and photometric processes are of particular 
importanCe br the water analysis. They are-preferab1y ap1ied 
in water analysis because they can be carried o$ quickly and 
are highly sensitive to very small quantities of substances 
diaaolved in water. The intensity of a colour wh1Q14 is characte-
ristic for a given substance serves as a measuri in this deter-
mination. 

Colorimetric as well as photonietric determination require corn-
pletely clear solutions for determination. Even the slightest 
turbidity would result in stronger colorations. Even fibres of 
filter paper would cause disturbances. The basic colour of the 
water to-be investigated must be borne in mind, too. 

From the eou.rces of error which have been pointed out, it beomes 
evid.eut that thorough methodical preparations need to be made be- 
Lore modern physical and phynioo-obemical measuring methods can 
be applied. This does not apply to photometric Ibetbods alone. 
The commonly known electro-aetric measuring of the p1 value re-
quire e.g.. knowledge of the function, naintenanceand care Of 
the measuring electrode (glass electrode) in order to exClude 
very erroneous measuring results. This applies to the measuring 

• 	of dissolved orgen, too. 

• 	When it became general, knowledge that harmful subetshcee, parti- 
cularly trace metal ions, were enriched via food chain 
causing pathogenic symptoms in human beings and animals, world-
wide alarm was raised which in turn' was reason to follow up the 
causes. 

ffenoe, the expenditure on analytical investigations must, be 
multiplied, in order tb gain new findings in this field for the 
protection'oZ mankJnd. Bearing in mind the complexity of the 
task this. objective cannot be achieved with the time-consuming 

- cenventioxial methods. LWater ana2.ylica can meet these ddnanda only 
if it can rely on modern measuring instruments, high labour produt. 

- tivity and a high sóti,aitivity of the equipment. 
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Today s  the atomic absorption spectroscope (AA$) presents a 
method which meets the dnarid to a large extent. It operates 
quickly, almost free of interferences, and is highLy senaftiye. 

etj.on of orggjc water .comuounã.e 

Concerning the chemical. anmlymia of 01tgania .water oopoIInd5 the 
main problem ihyolved is the large variety of rganic water oem-
pounds, which can cause harmfu]. im.plioations. In addition, Cffects 
occur which are caused by the totea number of organ.c substances 
found ,n the water. In water anlytioal investigations of organic 
ststancea a disi.netion is tierefore mad.e between sum deter-
icination sethoda and determinatioh methods for individual organic 
substance groups or compounds 

• At present, the following sum determination asthoda are widely 
applied 	. 

• 1.. Determination of oxygen which is needed, for ozdation of 
organic substance in the water 

as blo-oheical oxygen dem" (BOD) 
as checical oxygcn demand (COD): 	. 	. 

2. Determination of the totdl'organio carbon (TOO). 

Eacb:or these method.c provides certain .jnformetion, yet they 
have also a number of ahbrtcomiwitgs. Nevertheieaa the continue 
to be applied: in 	*atar analysis, because it is impossible 
to make a complete (a3?alysis  of all individual organic water com-
pounds. The expenditure needed woud surmount any imagination, 
end for the major part of these substances there is no analysis 
method available. 	 . 

Both the determination of the bio-chuical oxygen :kemand and 
determination of te chemical ox'gen demand are in 

direct Conveniional analytic methods., Only in rare cases organic 
water compounds are included izo a complete recording. On the 
contrary, from the manifold experience of water practice, working 

/ 	.. 
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• 	in.struc'tiona have been develçpd which render it possible to 
aóhieveoptimuie etateEenta under certain istin*Tations, e.g. 
reaction time. reao.tiou -temperature and reagent concentrations. 
Any deviation from the condItions indicated during the analysis 

• 	produces results which.oa.unot be compared. FOr this reason ,great 
efforts are . being smde to improv the oonvationsl sum deter-
min tion meihøds in recording the numerous organic water  oom-
pounds. The parameters achieved are important approximate 
values when charaCterizing the water quality.,  particularly with 
respect to the assessment of a' temporary change of the. organic 
load. The thus' achieved relative values are an important basia 
to assess the respective water •aitnation. Individual substance 
analyses or subetanoe group analyses can be jutLfied only in 
such cases where there is a suspicion and indication of certain 
harm.fuLL water substances, as this is the case e.g. with industrial 
waste waters. 

Invesigations of pesticides, mineral oil, and polycyclic aro- 
qia.tic hydrooarboxi.s are eramplea of a persistently applied ama- 
lysis' methodology for harmful organic substances in the water. 

Bven with the application of modern analyses methods, like 1JV, 
IR, fluorescent spectroscopy, and mass speotroscopy only a 
limited number of individualcomponents can be ascertained in 
a mixture oçorgahic substances in water whith had not \ 'been 
separated previously. Application of mass apectrometryis said 
to have the highest resolution capability. One way 'of achieving 
high resolutions is by using modern chromatographic methods. 

The application of chromatographic methodc, particularly gas 
cromatograh, and liquid chrQ3nat ography which is St ill in 
t process of development, reult in increased expendiure as 
it is case with all other mdern analyses teohni4ues because 
they imply the provision of apparatuses and trained experts. 

Although it has been possible to mention only some of the most 
• important problems which require attention and solution in the 

water analySis, and although such problems as routine analysis, 
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automation with water control, and operational control were not 
dealt wit1, it has been expressed that it is uV to the water 
analyst to make important decisions regarding the selection of 
the type and the number of criteria Which he wants to be measured 
or deteznined in the water. He must often reduce his wish to measure 
everything to a degree which ensures an optimum statement ccm-
bined with rea?onable econemic expenditure. 
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3. -2: 	TGsts Used for Cbaracterization_of Water 

Esthetic Major Trace ele- Pollutional character±s- 
constituents merits tics 

Taste Calcium Oad.mium Suspended matter 
Odor Magnesium Cbromiuin Dissoved oxygen, 02 
Colour Sodium Cobalt Biochemical oxygen 

- demand, BOD 
Physical Potassium Copper CemioaL oxygen demand, 

Temperature Chloride Lead COD 

pH Sulfate Nickel al organic carbon,
TOC  

Conclutivity Nitrate Selenium Total organic chlorine, 
Hydrogen- Vanadium T0C1 

Chemical carbonate Zinc iiirogen. 

Alkalinity Ammonia 
Acidity Minor Nitrate 

constituents Nitrite 
.110fl Nitrogen (organic). 
Maziçanese 

 
Rhos 

Aluminum Phosphate (ortho) 
Fluoride Phosphate (poly) 

Phosphorus (organic) 
Sulfur 
ulfid.e 
Sulfite 
±ease and oils 

Detergents 
Phenols 

-. Cyanide 
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11.3.6.2. 	Biqlogical water AWaltylema 

IL 3.6.2.1.. later related diseases tr44ted by taesta 
or other vect or3 1*edical_aeeta1 

ata 

• Is].eria is au acute infectious diseases caused bypai sites 
which are transmitted by vectOrs, bClonging to the genus 

• Azopheles. 

The inoidense of ilLness depends on the density of vector popu-
lation which is m1ainly in1lueced by the type and numbel- of 
mosquito breeding places and resting sites. 

situation anal-aia 

While malaria eradication programmes had freed about 50 per cent 
of the population of the originally malarioua areas frol the risk 
of malaria by 1970 d...cing the last, 10 years the situation has 
deteriorated iii severs]. region, eapecially- in southern Asia and 
Latin Ameriea. 

• 	Malaria is again endangering not only the health of te popu].a- 
ti1n but also the overall socio-economic deve1opmnt. 

- 	•- 

The clinical -picture and t'ansmjsoion route are characteriz'ed by 
,an incubation interval. It lasts on the average between 10 and 
40 day-s depending on the parasite type. At tel' this time the pars-
sites are capable to occupy the erythrooytes and zultiply withi 
them. this leads to fever-fits. The interval of the fever, periods 
depends alào on the parasites type. In the further course of the 
illneeb different sezuaL forms of parasites develop which can 
multiply only within the insect vector after changing the host. 

Malaria is one of the most freqpient tropical diseases. Only human 
beings are reservoirs for the parasites. Ternperatire, humidity, 
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rainfaU and the number of water. surfaces favourable to tbe 
• 	breeding of tbe vectors are the main environmental factors 

affecting the diãease incidence. The relationship between rain-
• 	fall and mosquito breeding is ok fundamental importance. - 

Control measures 

The malaria situatton in an area ny vary constantly. Evaluation 
must be a permanent feature of any malaria control programme so 
ilia-t it can .be revised quickly to meet the caning L  contitions. 
The defence against malaria includes vector c.onrol programmes, 
antiinalaria treatment and additional measures applied, by the 
community: 

- prevention of mans-vector contact by careful aelection of1 
building cites and bouae ccreening•, 

- destruction of adu1t moaqnitos by space spraying or residual 
spraying of insectIcides, 

- destruction of mosquito larvae by lazvicides 
- reduction of mosquito breeding, sites using water management 

tecbziiques such as filling-up ponds, draining pools, planting 
• '' 

	

	trees, and internittent dying: and sluicing mthods, 
- and mass drug admintstratiOn. 

• 	
AntiirmlaZ'ialz are essen.tia].,for treatment of the disease arid a 
prophylactic, measure for travellers and other populations at 
risk. Recently the prdbln of resistance has become grave and 
may Influence the efficient control of the disease by drng 
trestmn.t. 

In Asia the chlorOquine resistance of Plasmodium faiciparwu has 
inoreasd. The same is true to South America and some parts of 
the African continent. 

Schistosoiniasis . 	. 	 •• 

.Schistosomiasis is d chronic disease wth local and visceral 
manifestt1ons caused by many species and strains of the fluke- 
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worm SchLstosoma. The epidemiology of the disease depónda on 
the bio],ogy, ecology and dis$ribution ofthe parasites, their 
snail intermediate, host and mamsa].ian reservoir bests. 

Sit ation analyaip 

The global prevalence has been estimated to be 200 million 
caaes. 1orldwide d'ni for Water has resulted in thO spr.ead 
of schj.siosomiaais to new areas and the overall infection rate 
appears to have in.ceased.. 

The WHO stated in general terms that projects tor.water-resou.r-
cea developiIent havo intensified trsmissiou in many endemic 
areas during the past decade. 

eLinioal picture and t2ansajssion rOutó 

The clinical picture results from the life cycle of the parasite. 
Sch.iatoaomiasis attacka.when people working or playing in water 
expose their bare bodies to water harbouring -the microscopic 
larvae of the disease-cercarise. The larvae burrow through the 
skin and pass ito the blood stream where they grow into adult 
parasites. The adult parasites live in blood vessels of the 
internal organs.igggs work their way out of the blood vessels 
and into the tissue of wa]Js of the intestine or of the biader, 
and finally they are excreted via urihe and stool. SomeL eggs are 
accidently carried in blood vessele to the liver or lungs where 

' they -can cause severe daJge. In the absence of satisfactory 
arrangements Zot dlapoaal of human wastes eggs may enter'water 	- 
bodies, develop to the larval stage (liracidium) whica pentratet 
into an intermediate anail host fox their further-4evelopment to 
the stage of ceroaria. Fever and swelling of liver and spLeea are 
the clinal symptoms. Later it coaes to chronic diseases either 
of the tinary tract (Eaematurie), of the gastrointeainal system 
(Colitis), of the respi&ratory tract or of the liver. 
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Control measures 

Left untreated the disease permanently damages the vital organs 
and can cause death. In its early stages it is often insidious, 
sapping. the vitality of the victim without showing serious overt 
symptoms. - 

Use of chemotherapy 

Chemotherapy reduces the output of living eggs from the patients' 
body and time diminishes trnsmiseion. By killing the worms in 
the treated individual it enables the patient to recover from 
reversible lesions. 	- 

In case of some drugs, the dosage required may produce side-effects 
in some patients and may even be occasionally lethal. Therelore. 
the dosage may still have to, be reduced below the optimumclin±-

oal level. Nirid.aoie and hycanthene have 80 - 90 per cent 
success but they were believed to be potential carcinogens. Oxam-
niquine-toleraiice is good. 

Snail control 

Snail control by molluscicides is a rapid and effective means of 
reducing transmission. 

.Control_by environmental modtfication 	- 

Permanent changes can be nde that have a lower maintenance cost 
thah other methods of coatrol. Zocio-economi.c 4evelopment may 
markedly affect transmission. 

Provision of domestic water supply supported by health education, 
reduced human contact with .watet results in reduced. schistoeomiai 
txansmiasion. 
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Healtu 	ati.on 

hzsñan attitudes towaida water used to be a$ified. EfZort 
8hould, be directed towards the groups that are at greatest risks 

• 	aid most involved in tran2aion - usually young children. 

Pogz'ess in 	tad natio 	utrol rmes 

Braga - 

• The Spezial Prograiwne provides for stool survey, malacoogical 
collection emd chemotherapy. 

fLte overall prevalence was estimated at 22 per ceZLt of the popu-. 
lation. At present there are three applications of zzel1iacicidea 
per year to all bran4hea  o main canals and to all drainage 
systems in the area. 

Venezuela 	- 

After 35 years of control programme the  general prevalence has 
fallen from 14 per cent at the beginn.ing to 1.8. per cent at the 
1977 evaluation. . 

nàhpcerciaais (riyer blindness) 

• 	Onohocerciasis is an infestation with Oxichocerca v&Lvulus, a 
Lilarial worm. Each female liveS 15 - 16 years in the human body 
and p1oduces about one million larvae mnicrofilariae annually. A 
freø living period is followed by 'confinement in fibrous nodules 
under the akin of the scalp, ribs etc. The disease is transmitted 
by small blood sucking blackfliea belonging to the genus of Sinai-
liuma (female flies), whose en.imature stages - egg to pupa live 

• in runfling Water (highly oxygenated).. Because of the bxeeding 
habits of Its insect vector onohocerciasis is distributed in 
river vallys and called river blindness. 

-. 	

• 	

I. 
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Situation Analyais 

The diaea,e is eati aed to affect more than 20 miflion people, 
it is widespread throughout tropical Africa ad in Guatemala, 
Mexico and Tenezuéla. Recently it had been found in Colombia. 
and Xenen. Blindness Ate varies but in hyerefldedic areas 
more than 10 per cent of the matire population and more than 
2Q pr aent of the athalta may.. be blind. 

Clinical manifestation. 

Children, are general]j free. Moleocents are infected. The 
most crippLing effects of the disease appear in adults. A heavy 
infection is acquired only pfter a long pexod of exposure to 
bites by infected flies and'alwsyz .has  serious effects on the 
eyes. The adult Worms form more or lose voluainous nodules in 
the subcutaneous tissue. The mcrofilariae (life dpan 2 years) 
are found in the epidermis where they cause itching and may give 
rise to characteristic patches on the skin.. All parts qf the eyes, 
alone or in dombition, may suffer damage resulting in blindness. 
Micrôfilariae are found in the urinar( tract and other internal 
organs. Onchocerciasia is not a fatal disease. 

bansmission cycle 	 . 

The blackflies become ifCcted wen they pieioe the skin of a 
person affected by onchocerciasis and suck in microfilariae. 
After passing through three lax'val stages they finally becOme 
free larvae capable of infe1.ng a human host. The tire required 
for this development cycle under troplo conditions is about 1 
week. At the end, of this period the fly may transmit the i]afeO-
tion to any person it stings.. An individual amast receive a con- 
siderable number. of infective stings before. one or eeveral couples 
of adult worms can develop. 	 ii In the human organis the tranaf or- 
anation. of infective larvae into dlt worms is fairly rapid and 
the microfilariae produced by the adult .worms may be found in the 
epidermis less than a year after a person's arrival In an area 
where the diseaae is endemic. 	. 	. 
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Control of carrier flies 

Use of i.nsecti6ides to kill the larvae in the rivers and wator 
courses. To have a lasting effect, theae operations ahou].doover 
either the whole of one isolated Locus of the disease or a tern-
tOry wide enough to ensure that female flies wi1i their enormous 
flight range (from 20 up to 100 km in their first days of life) 
will not rapidly repopulate the treated areas.' 	* 

Larvae control campaigns must take long enough to ensure that 
the parasites disappear ccmp].etely from 4  their human hosts with-
out any treatment. Min should besupported by the use of drugs 
to eliminate the parasites from the remaining .nfeoted persona 
for a certain number of years after the interruption of the 
traksmissión of the disease. For ecological aspects of the vec-
tore see also chapter Id.4.t.. 

1I.3.6.22. Water-borne diseases 

Natural water in rivers and strains, in wells and lakes contains 
a. &istimctive flora and fauna, and caractenistc diaaolved and 
undissolved inorganic and organic matter. Some cQmponenth of the 
micioflora are potential paiogens and therefore hazardous to 
tbe•hea],th of the conuouhity. 	 - 

' The access of fecal contamiz:iants to water may add a variety or 
inteetinal pathogena from. faeces of man, 4rom other warm-blooded 
animals and cold-blooded inimai.s (fresh water fish) at any time. - 
Sometimes pathogenic organi.ems, will be present in water. deaded 
by a variety of poll.tional discharges from warm-blooded animals. 
The, mos.t oomaon pathogeus include strains of Salmonella, Zhigélla, 
Leptóspira, enteropathagenie Eøcherichia ccli, Pseteurella, Vibrio, 
Myobaoterium, hthmian entenic virus, cysts of Entamoeba zistolytica 
and hookworm larva. 

The faecas:of man and.tbe.aswage wastes he creates a.re.a manor 
source of the pathogehe in 1ter. Monitoring sewage for pathugens 
is an excellent tool for 4etermii4ng what diseases may b.e peva- 
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lent in the community at the moment. t1umar pathogens are also, 
found to frequent the intestinal tract of the other warm-blooded 
animals. Aniong the cold-blooded animals freshwater fish may 
harbour human pathogene è.fter exposure tot. contaminated water or 
food sources and carry these organisms to clean stream recrea-
tional Kreas. 

Salmonelloaje 

in humans, salmonelloals most commonly occurs as an acute gastro-
enteritià with diarrhea andabdominal cramps. Fever, nausea, and 
vomiting are frequently found symptoms. The incidence of human 
salmonellosia is fairly low, Salmonellae are easiest to isolate 
from water and to relate to the pollution. The total number of 
.almonella aeotypes known to be patkogenio to man exceeds several 
him&red and their frequency of isolation from man varies froiñ 
year to year and from country to country. The survival of Salmo-
nelláe is favoured by nutrient-rich wastes and low stream tempe-
ra-tjweu. 	- 

Shj.eELoais .(dyseneria) 

The symptomS of shigellosia vary from a mild tralisit cry diarrhea 
to severe proatating attacks accompanied by high temperatures, 
vomiting and profuse bloody stools. The disease Is endemic in 
some areas. The incidence is highest in childrin under 10 years 
of age. Suimaer and darly autuun are peak periods. 

There are at least 32 Shigella serotypes of which S. sonnel and 
the subgroups of S. flexueri account for over 90 per cent of all 
isolates from the human  population. There has been a significant 
number of epldemica which resulted from poor drinking 1ater quell- 

'. 	ty. 

The survival is relatively shot (30 mm -4 days)and is reduced 
by aeration, high temperature, a high total bacterial population, 
acid pH-range, and sunlight exposure o.f the water. 
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Letoapirgsis 

The Aiaeaae is•cIaracterised b!y fever, shivers, pains in the 
calf a, hesdachee, eczema at body and thigh. The diease goes 
through several phases With symptoms of the central nervous 
system and -  of the kidney and liver. The pourse of the disease 
is more serious when a jaundice occurras. 

Lepto3p±rosis is caused by baceriae, which generally gain aceaa 
to the blood stream through skin abrasions or mucus membranes to 

' 	produce acute infections. 

The ànnual incidence rati is less than 1 per cent. Oirthreaks 
occur, almost exclusively during the recreational season. Lepto-
spirosib is transmissible to man from various doiestic animals, 
animal pest s and wild animals. 

Leptospira enters x'ecreationa]. 8tresms and lakes through direct 
urination of infected a1 1 '!1s or from drainage of adjacent live-
stoqk pasture land. 2ransn±snion takes plaCe by bathing or wading 
in and during'c5ccupatiónal activitIes associated with polluted 

• water. -  Leptosplra is frequently found in slow-moving otreamr, 
canals, creeks and. sma].l lakes. Leptospira were found toeurvive 
longest inwaterwith a pH-range between 7.0 to 7.2, low seam 
temperature, lol salinityand a low-density and. composition of 
the micro-biological population. 

nteropathogenic Eacherichia coli CE. c4i 

Various aerotypes' frequently cause a gastroenteritis characterized 
by a profuse watery diarrhea with little mucup,and no blood, nau-
sea, prostration, and dehydration with a general abscence of fever. 

• he serious diarrhea among children under 5 years, partiàulrly 
of newborn children, is frequently a result of the etiblogic agent, 
enteropathogenic E. °e'• 
Most urinary infebtions of adults are caused by pathogenic E. coil. 

-. 	
I, 
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Water-borne entezopathogenic E. coiL outbeaks have been caud 
by contaminated drinkiug water. They are also present in streams 

and. lakes polluted with warm-blooded animal races. 

Surviva o L. coli is influenced by some environmental factors 
including water pH, water temperature, sunlight exposure, bacterial 
aUsorption with sedimentation and predation. 

Tularemia 	I 	 / 

The tular.emJ.a pathogen usually gains access to the blood stream 
through skin abrasions or mucus membranes. It produces chills 
and fever, swollen lymph nodes and a general prostrate 1  condition. 

The infectious agent has been named Pasteurella tularCnse. It is 
not considered to be transmitted directly from man to ms&. The 
disease is spread via drinking water contauinated by the u.rine, 
faeces and dead bodies of numerous species of rodents and wild 
rabbits. OutbZeaks have occurred by drinking water from contami-
nated springs, creeks, wells, and streams. 

survival of P. tularensis in water is protected by low ±emperatu.re 
S 	and addition of nutrients. It can last 	60 days. 

Cholera (subtypes: El Tor biote and Iziaban4 Q) 

The bacterial pathogen Vibrio cholerae can produce a serious, 
acute intestinal disease that is characterized by sudden diarrhea 

with profuse, watery stools, vomiting, suppression of urine, rapid / 
dehydratation, fall of blood pressure, subnormal temperature, and 
complete collapse. Death fay  occur within few hours unless prompt 
medical treatment is given to the atiewt. 

* 	The spread. of cholera may be through pollut'ed drinking water. It 
reflects a lack of safe water supplies and inadequate sanitation. 
survival of vibhoc relates sharply to various chemical, biolegical 
and physical characteristics of a given water body. 	I 

/ 
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. 	man viruses 

Increasing attention is paid to the contamination of water 
and soil by. viruses. Viruses pathogenic to man are isolated 
from rivers, lakes and' treated waters. 

More than 100 different types are known to be excreted in faecea 
More than 1,000,000 infectious particles may be excreted p.r 
gram offaecesby infected personn, whether a disease breaks out 

.,ornot. 	. . 	. 	. 	- 	. 	. 	.. 

Viruses may survive for several months in the aquatic environment 
and may resist conventional water and wastewater treatment proce-
d.ures including chlorination. 

Poliovjruees and Coxeackievirus B 

Polioviruses can cause serious nervous system disease, depending 
on the virulence of the viruig kad age of the hoot. At present in 
countries where live pol].ovirusvaccind is widely used, the ex-
'oreted pol,ovirusea are. usually vaccine derived. In developing 
countries in which wild po.iovirusea are prevalent infections 
are typically acquired very early it life when the risk of serioun 
diesease is lowest. Moat old& children and mothers are thus immuine. 
In these areas waterborne spread undoubtedly occurs and. may be a - 
significant factor in the process of natural ishaznisation. As 
sanitation has improved in some of these areas, paralytic polio-. 
myehitis has increased, presumable because infeâtions are delayed 

	

to older age. 	 - 

Cosackieviruaes B can cause pleurodynia and pericarditis. (chief-
ly in older persons), serious and fatal mocarditis in infants and 
congenital defects (chiefly cardiac) in infants born by motera 
experiencingiafection during pregnancy. 

a 
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gepatitia Arus 

The agent of type A in now classified. arid. called. EnteroviruB 72 
The virus is exgreted in ±aeces over a relatively extended perio 
and is often spread via water. The large outbreak in Delhi 

1955156 was caused by gross sewage contamination of the water 
supply. The agent withstands levels of residual chlorine which 
kill most of the other enteric pathogens. 

Gastroenteritia viruses of the Norwalk type 

These viruses have recently be reco3ized and have been id.enti-
fied as..the cause of large outbreaks of gastroenteritis via the 
water route. 

Reoviruses and rotaviruses 

Rotavirunea have been found to be the major pathogen of nonbac-
terial infantile diarrhoea throughout the world. Infection with 

these viruses may  also account to some extend for malabsbrption 
and mal'nutión in' infants eSpecially in developing countries. 

Incidence rates vary but in general rotavirue infection accounts 
for 20. - 40 per cent of diarrhoea cases in children up to -five 
years of age who seek treatment in hospitals in tropical.. countries 
(40 - 60 per cent in temperate countries). Mortality rates in 
developing countries are not known. Rotavirus infection spreads 
by feacal-oraj, transmission. The true role of water thereby has 

still to be studied. 

• Adenovirusea 

Adenoviruses are abundantly shed in faeos. Well docu4nented iuBtaflOes 

- ' 	of water-borne spread have been the epidemics of phary -rigo-con- 
jinotiv.ai fever associated with swimming poois. 	-. 

For a wide range of viruses of human origin doses of ingested 

viruses as low as a single infectous unit are capable of inducing 
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infection in man. Therefore the presence of even a sl1 number 
of enteric viruses in a large  volume of drinking water should he 
prevented. Hateric viruses may be spread from one person to an-
other via Zaeoally contasdiiBted water and via contaminated food. 

!atewater: lArge numbers of viruses of human origin are nor-
!nally found in wastewaters. Viris concentration is •estimated,to 
abott 10 infectious units per 1 ml raw wastewater. 

Drinkina water: Sources of driTk13g wter can be heavily co2i-
tasdneted. The mean concentration may reach 1 izifectious unit per 
11. 

Seawater: Many coimnun ties discharge their wastes into estu- . 
aries, bays, harbburq and other coasts]. waters. They adsorb to 
solids and aocWnulate in sediments. Thes viruses may still .  pose 
a public health probi n whenueing the estuarino water for re-
creatidnal activities. 

Soil and crops: There is an inoreasing worldwid.e interest in 
the re-use of wstewater for irrigation. Health hazards where 
appl1cation by astewater sprinkler-irrigation is practised might 
be the resilt of virus dissemination by aerosols. 

Grousdwater: Soil composition and structure affect virus move-
inent. The higher the clat content of the soil the greater is the 
expected removal. Fissured limestone aquifers under shallow soil 
allow virus to travel over great distances and can preeent seriva 
ground*ater contamination. . 

Virus moni,torixig 	 . 

During an outbreak caused by enteric viruses, sampling aoul& be 
aimed at determining whether the water aupply is contributing to 
the spread of disease. Samples of raw water, fully treated water .  

• and tap water should be examined. The monitoring of wastewater 
may provide an early inddcation of viraL infections in the commu-., 
flity. 	 . 
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Routine monitoring of drii2king water would be justified when 
large urbên centres use heavily polluted riters that carry a 
eigi4zicant flow of sewage as source of raw water. 

RecommendaLlona . -  

Drinking water shouLtd be free from human: enierlo 
viruses. 

In the light of greater rósistence of i -- enteric viruses 
to d.iaixi.feotion, emphasis should be given to eff4ctive. die-
infeotion of driilcjma. water. 

Purther reearch is necessary into the health risks aSO' 
elated with viruses in the aquatic environment. 

/ 

11. 3. 6. 2. 	Parasitic Protozoa 

Amebiaüis 

..4mebiaeia to a disease of the large intestine that may 'vary from 
mild abdominl dicomZort involving diarrhea alternating with 
constipation or a chronic dyaen1ery with mucus and blood. The 
infectioua agent is the parasitic-protozoan Entamoebahistolytica. 
The major source of ti'aümiaeion in fecal contunination of drinking 
water supplies. 

L. histolytica .15 usually found at low density levels in sewage 
but cysts of R. h. may persist at least 150 days in good quality 
water. 

0iardiais : 

Giardiasis is oharacterize4 by a variety of intestinal .symptomi, 
moat frequently in a protracted intermittent &I,arhea. The cau- 
sative organism, the intestinal flagellated protozoan, Giardia 
lainblia is worldwide in distribution. 



- 	94 

Amoebic meningoencephalitis 

Jcnoebic meningoencephalitis is a fatal diseae of the central 
nervoup system caused by a pathogenic strain of the Axsba 
Naegleri Gruberi. The onset of symptoms begins about 4  to 7 
days after water contact. Death ensues 4 to 5 days later. 

The disease is associated with swimming and diving in the 
warm waters of small lakes and polluted estuary. 

-Naegleri specAs are among the numerous free living enebae tom-
non in soil, sewage and auiface water. This pathogen is more 
suited to parasitic existence in nature, the aquatic hoat is 
not yet knawn. 

References 
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IL 3.6.2.4. International standards for drinking water 

International standards were first published by WHO in 1958 -as 
an aid to the improvement of Water quality and treatment. The 

third edition was issued in 1973. The standards have been adopted 
in whole or in part by a number of countries as a basis for the 
formulation of xtionaJ. standards. Since new methbds are cons-

tantly being introduced and developed it is expected that stan.-
dards will be revised from time to time. 

Ins fourth edition is finished. by WHO and announced for distribu-
tion td 1983. Therefore this chapter is to be supplemented at the 
time of gaining access to thispublication. 
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• 11.3.6.2.5. 	}Iea.Ith apectf chiical water poilutioia 
including treatment agents and processes for 
drinJcirg water 	- 

L e a d 

Lead can be regarded as non-essential element in health terms. 
Lead is dangerous to halth especially for the foetus, the young 
infant and indivLduals with certain medical conditions such as 
increased water intake or rena]. dialysis. 

Tinder some cirouiustanâes the concentration of lead in drinking 
water may become extreriely high and severe cliical lead poisening 
can occur. Lead may disturb haeni synthesi; may result in mild 
anaemia with a small reduction in blood haemoglobin. the, effects 
of lead on the nervous system vary with the duration and intesty 
of exposure. Lead enc ephaj. opa thy has the following maj or features: 
dullness, restlessness, irritability, headaches, muscular tremor, 
hallucination and loss of zueizaory and ability to concentrate. 
Young children with elevated lead exposure may experience subtle 
neurological damage with mental d.'isorders in their  development. 

Distribution of lead levels in water occur when aggressive waters get 
in contact with lead or.when a high percentage of lead pipes 

is used. Lead stearate may also be extracted from plasticized PVC 
pipes. 

Nitrates. Nitrites and Nitoaarnines 

Nitlates are normal constituents of drinking water, beZng derived 
for the most part from drainage from cultivated and fertilizer-
treated land and from sewage effluent. During the last years 
there is a tendency towars an overall increase. Nitrate ].evela 
of water supplies in rural areas tended to show a greater Varia-
bility than in urban areas. 

Nitrites are not usually present in drinking water, but where 
bacterial contamination was present reduction of nitrate could 
Occur. 
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PretOrae&.nitrosamines are rarely found in drinking water in 
eignifieant amounts. 

Acute effects of increased nitrate conaentratiois m6y be seen in 

ifats, hence babies and pregnant women form the vulnerable 
gcupa. The greatest clinical bazard is methaemoglobinsemia, es-
pecially in, bottle-fed babies under aix months of age. 

Aráenic 	I 

Arsenic in water  is usually found in the form of arsenate or 
arsenité, Te natural concentration of arsenic in drinking wa-I 
ter varies 1.n different areas.. Drinking water can be severely 
contaminated through industrial perations, espeoaliy by 
wastewater from factories producing areeni.o sUlfide and leaching 
of arsenic from coal preparations waatea en4 fly ash from coal-
fi.red power plants. 	 . 

Acute effecs caused by the ingestion of inorgan4.c arsenic Ôom-: 
pounds are profuxid,gastrointestiia1 damage resulting in severe 
vomiting 	diarrhoea,. moenular cramps facial oedema and 
cardlaO abnorma3itiOs. ,Subaute and iOng-erm exposure effects 
mainly involve the reepiratory, gastointeatinal, cardiovascular, 
nervous and haeinstopoietic systems. Expoere to arsenic has been 
associated .with the induction of cancer. 

Arenic is mainly transported in the environaeut by water. In 
oxygenated water, arsenic usuarl.ly occurs as arsenate but under - 
reducing conditions, for instance in deep well wata arsenite 
predominates. Drinking water ordinarily qontains a few micrograms. 
of arsenic per litre, mainly in the form of inornic compounds. 

Merçry 

LI 

The major source, is the natural degassing of the earth's crust. 
Anthropogenic sources are probably less than natural sources. 
everal human activities account for substantial releases into 
the environinnt. They inc'ude the bur2u of fossil fuel, the 
production of steel, cement, and phoBphate and the smelting of 
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metals from their sulfide oie. Mercury once releaed in wate 
undergpeà metabolic changes. The methy].ation of inornic mercury 
in the sedJ.ment oflakes, rivers,and other waterways and in the 

oceans is a key step in the .traxisport'of mercury in aquatic food 
chains. Accumulation of rnethylme'cury in aquatio food chains 
represents a potential hazard toLman by consumption of oertain 
apeci'ea of oceanic fish, and of fish or shellfish from contaminated 
waters. 

Th. symptoms of poisoning by methylmercury are paraesthesia, con-
striation of the vlaual fields, impairment of hearing eid atazia. 
The effects a.te. usually irreversible. The foetue; i more sensitive to 
iuethyimercu.ry than the adult. 

The intake of mercury from &rinking water by the general popula-
tia is probably very low.in  comparison with intake from diet. 
Weliwater and drinkU2g water from reservoirs have very lo mèr-
cury levels. However drinking water in certain areas exposea to 
mineralized mercury depsits or from rivers in heavily ixidustri-
alized areas may have high values and mercury is not removed during 
the driii1ng water'treatment. 
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II. 3.6. 26. Treatnent agenta and processes for drinkin,g 'ater 

Water treatment is defined as including everytiing, done tä the 
water from the time it enters a reservoir, canal or pipe until 
it flows from the cu8tomers tap. 

Diainfection is one of thelitreatment. procesies to make water potable 
and safe for human consumption. A number of the halogenated &b-
stances found in drinking water have been identified as being 
formed by chlorination. Chloroform is formed by a special reao-! 
tion of chlorne with resorcinol and humic substances. If bro-
mides and jodides are present any type of tribalo-methane my 
be formed. 

Humio,substaneE have been identified as a major precursor of 
chlorinated compounds in drinking water. 

Chlorine dioxide produces nonvolatile halogenated âompounas. but 
no chloroform. 

Ozone is a strong oxidant and diinfectant. The ohestical roan-
tions of ozone are complex and depend upon pH. Ozone is capable-
of splitting water moleeules to produce hydroxyl free radicals 
and thuS of forming hydroperoxide, .peroraods and epoxides. 
Chlorine dioxide is an unstable gas whiôh esmt be generated at 
the time of use. lt can produce epoxidos and other oxidation 
products. 	. 

Substances intentionally added by treatment involve sOdium ions 
and chlorides for water softening and aluminium, iron and sili. 
cate ions as coagula4t3 in order to romove turbidity and organic 

ttbr from polluted water. 

Health effects 	.. 	 . 

ChLcrroform would be regarded as an indicator of other possibly 
dangerous matter which may have been formed by chlorination. 
Chloroform is considered to be a carcinogen but it is not auto- 
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genic, whereas 5-chioro-uracil also toraed by chlorination is 
a genetic mimic of thymine and isutagen.lo In bacteri. 

Ozone produces epoxideg and perozyacide, which assume impertance 
as toxical substances. 

Chlorine dioxide, the chlorite ion 0102  has been questioned as 
a potential cause of methaeaioglobinamnia.  

A highs  intake of sodim may have adverse effects on artificiafl.y 
fed babies and induce hypernatraenia, nephropathy and encephalo-
pathy and it interferes with the mang ement of patients suffering 
from ogzigestive eardiac failure or hypertension. 

'I 
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11.3.6.3. Water treatment 

A water treatiaeit plant 48 generally required when opening new. 
water resources, eàpeciall if a central drinking water iupply 
system is to be set up. In water treatment, effiôiant processes, 
which minimize the coat, with high operational safety must be 
applied in order to make different raw watra (river water, im-
pounded reservoir water, ground-wa'er, infiltration eater) with 
different loads (different in number and harmful effectS of 

water substances) suitable f Or human consumption and industrial 
use according to the quality standards. Many different processes 
andplants are available for solving these problems. Thorough 
preliminary investigations in laboratories and on a semi-tech- 
nical 

I 
 and large-scale technical basis are required before taking 

the difficult decision wbióh treatment stem tu apply. In th.s 
respect the .jaw water quality plays an importanl role. It iS 

affected by 
- the development in the region concerned, 

- new products, raw inateria].s and prooeses which 
• 	 result in a. new sewage cozapositi on, 

- the construction àf pr.aary olarif3ation plants 
- which reduce the number of substa ~naes,with high 

biodegradability in purface , waters but do not affect 
áalta and substances with low biodegradability 

- the ever grwing percentage of sewage in waters; even 
if the sewage is treated. the natural cycle is short-
ofrcuited and the self-purif,ioation processes cannot 
gain full effect, 

- the growing use of chanical prod.ucta in agriculture 
and rorestry which end up in the waers by the action 
of wind and raiñwash, 

- more efficient analytical methods which reSulted in 
• the discovery of an ever growing numbr of organic 

nd inorganic micro-contaminations and their harm- 
Zul effects, 
the knowledge that even water treatment can cause 
ajoro-contamiñationa, e.g. if chlorine is used for 

oxidation and disinfection and halogen compounds are 
• formed. 

U 
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The comprehensive problems arising in water treatment can only 
be solved by interdiscip]inry cooperation between specialists 
of water treatment engineering, conatrction engineering, hydro-
chemistry, uiyd.robiology, hygiene' and hqdrology. 

The following water substazzceaar.e of importance to the water 
treatment procees 

substance 	significant subatancea 

gases in solution 	oxygen, 1oarbon dioxid, chlorine, ozone 

suspended substances coarse and colloid-disperse suapezwions 

dissolved sub- 	ingic substances 	organic e-ubetgoeg 
stances 	anions NO3 , Nil4 	anionic, ?lOn_iOnlc, 

cations Ca, Mg, Pe 	irfaótants poly- 
Mn 	

cyclic, arotic 

hydrocarbon, ligab-
sul.phonio acid, 
humic acid 

Water treatment includes physical, chen4eal and biological pro-
Cesses. In the water treatment technique, these processes are 
purposefully, combined with regard to the given raw water. or 
pure water quality. 

Stages of drinking water treatment 

stages 	process - 	plant 

óoarse water 	gas exchange, 	tubular checker caècadea 
purification 	 pressure ventilation 

- 	screening 	screens, travelling screens, 
micro-screens 

flocculation/ 	classical aettling plants 
precipitation 	sludge contact plats 
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fine purification 	filtration 	open high-rate filters, 
pressure filterS 

/ 
very fine

I 
 purifica- adsorption 	b.igh-rate filters 

tion and disin- 	oxitatjon 	reaction vessels fection 
biological - 	low-rate filter, 
process 	biofilter# 

special proc ape: 	comprehensive 	low-rate filtera 

rechar e 	biological and, 	sand and plant baBins 
'sat r 	physical treat- a 	met 	 - 

In addition, each water treatment plant requires Oludge treat-
ment aD.d  chemical dressing facilities. When making water suit-
able for industrial purposes (process water, cooling or boiler 
feeding water) the processes mentioned, are applied either in-
dividually or. ip their bombination with and without additionel 
processes such as Boftening, desalting, oil separation and 
harduesse. stabilizatiQn. 

11he plants are set up on the basis of aipérimenta or dimension 
• 	atandardà. 	

r 	 - 

Referenc as 	. 

/1 / Xittner, .L; Starke, W. Wiàael,D.: Wasserversorwig \ 
(Water supply), 4th edition. flB Verlag fUr Bauwemen. 
Berlin 1977. 

• 	/2/ Rammer, JI.: Water and Waste-Water Technology. John tkLey 
& Sons, Inc., Jew York 1975. 

- . /3/ Lewis, L W. Developments in water treatment, vol. 1 
and 2. Applied Science Publisher LED, 1980. 
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XX. 3.6.4. 	Sewae ±i4atment 

A central water supply requires sewerage and sewage plants. Se-
wage treatment is concerned with cleaning sewage conducted away 
from residencea and. industrial establishments in such a way as 
to exclude any toxic effects on human beings and animals espe-
olally with regard to hygienic requirements. Furthermore, it is 
important to extract valuable substances from the sewage (e.g. 
£ermeñtation gas, humus and metals, in case of industrial waste) 
and to recycle the water, if there is a water shortage in the 
area concerned. 

* 	The amount of waste water arising varies very much according to 
thewater supply available. In general, it amounts to some 200 
litres per inhabitant daily in Central Europe. By increasing the 
amount of water available and improving the living standard, this 
figure rises continuously. The waste water composition varies 
very much, too. IWIOPP (1) gives the following average figures 
f or dowestie sewage; 

per inhabitant 	mineral 	organic suba total of BOD 
nubsjances stances lug inhabit. 	5 

settleable sus 	30 	40 	20 pended substances 

-non,-eettieable 
suSpended substan- 	5 	10 	15 	10 
ces 

dissolved 	- 	0 0 stances 	 125 	3 

total 	90 	80 	180 	60 

Industrial sewage contains many different substances, the number 
of which 18 continuously rising due to industrial growth. Sewage 
treatment basically aims to protect the waters from pollution. 
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The purification method to be applied depends on the quality of 
:1 the water of the receiving body of water.. Théraf ore an investi-

gation bf'the selfpurification capacity is required. Self-puri-
fication is the capacity of waters to dispose themae].vea of 
orgnics by means of the microorganisms contained in the water. 
It is important, especially. in densely populated areas,, not to 
distu±b the self-purifio&Uou' capacity by discharging too iza.ny 
sewage aubatances in a water. This includes both organic se-
wage substancea and toxic metal ions and compound.e. The condi-
tions of a water may be controlled by means oi biologiral long-. 
iudinal quality sections or sewage load, schemes (1) • As e re-
sult, the sewage plant and the degree of pux'i!ioation required 
can be determined. Mun.tcipal sewage undergoes different 'stages 
of purification: 

stage 1: sewage clarification, primary treatinit 

stage 2' biological sewage treatment 

stage 3: elimination of phosphate and nitrogen compouns 

Purthermore, there are numerous processes for ixxdutria]. sewage - 
treatment (e.g. degreaiing, detoxification .nutralization). With 
regard to the proceasess used the sunicipal sewage plants are 
grouped into the actia1 sewage treatment and the slud.gç treatment 
including fermentation gas isolation and processing. 

The sedimentation basins f>rin the heart of the primary treatment. 
If the sewage remais for about 1 90 minutes in these basins, that 
settleable 'substances are reduced by snie 90 per cent. Other 
sewage 'sustances. are not sufficiently pemoved, therefore the 
process is, in gieral, followed by biological se'age treatment. 
As compared to seLf-purification in waterB these 'purification 
processes are induced by microorgansms and bacteria and take, place 
in maw-made facilities within a short period of time. The BOO 5  
reductidn amounts to about 90 to 95 per cent and is effected in 
biofiltration and activated sludge plants. When activated sludge 
pXanta are used, oxygen in form of air is artificially introduced 
ito the activated pludge tanks in order to activate the micro-
organisms. Many diferent methoda. are used. The 3rd stage of 
purification is especially used in areas where downstream 
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waters (in particular lakes and impoundiitg reservoirs) are used 
for drinng water supply. Th.e organic sludge from the primary 
treatment and the actjvated aldge tanks 	putrefied. in digestion 
tanks. During this process the sludge decreases consi4erably in 
volume and fermentation gas is formed. After the sludge has been 
putrefied, it is used in agriculture. 

The preaeflt knowledge enables us to clean nearly any sewage type 
by technologica]. processes, although this may entail considerable 
expenditure., Ezpenditure grows exponeniiaily with the degree 
of purification needed. 	. 	. 
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11.3.6.5. Assessmaht and monitoring of water resources 
and demands 

Fundanentals of By8tematiZinR water resources and water 

demands 

The assessment and monitoring of water resources and dmas 
inlüdes all those - scientific, technical, economic and ad- 

• 	sainistrstiv - activities the purpose of which is to explore and 
evaluate the quantitative and qualitative characteristics of 
water resources and desnta. On the basis of At ooxnparieon bet-

ween them, we have to ahalyzo the conditions of equilibrium 
between water supply and demnd and to decide on the .necessay 
monitoring in each case. 

Water resources and demands and the maintenance of equilibritm2. 

of water balances can only be cbrrectly aaseaeed if socioeconomic 
evaluations are included in the interpretation of demands and 
supplies and in baLanc.e studies. As the central issue of the 
rational natural reeou.rce management, methodological conditions 
muat becreated for assessing all of the essential natural and 
economic factors and theirjnterrelationa. 

( 

The currently changing economic importance of water and ntural 
envionmen't results from the social, economic and techne.ogical 
progress 446. from 

- the general increase of the intensity of water use 

- changes in the types and levels of water deiimi 

-. extended connections between economic 8n4 natural processes 
• and, as to the latter 	 'I 

- the occurrence of adverse tendencies 

- the need for Contintwuc monitoring including protection of 
-water resources in regions with high intensity of waterand 

" land use (1, -3). 
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Water is present in almost a.ui components of both, the natural 
and the economic-technological processes whose development is 
controlled or influenced by it in clOse ierre1ation - 

both in time and space. - with other factors. .Anycontr61 
of water in any of the sub-systems - either hydrology or water 
use - wilI have an impact on the other side as well. 

For proper interpretation and consideration; of the manifold 
appearance and role played by water in the framework of water 
resources assessment the following tasks have to be solved: 

1 • A system of asses sing and evaluating the countries hydro-
geographic endowments, water resources and waterrelated 
services has to be developed with view to the intrest of 
the whole society and the national econceiy. 

2 A system of impact assessment has to be compile4 in which 
the human activities modifying the hyd.rogeographic endowment 
and hydrological  processes are summarized and differentiated 
at the same time according to the aspects of balancing demands 
and supplies. 

3. Scenario-oriented water resources assessments that enablea, 
the decisionmaker to evaluate the benficial impact of 'his 
decisious. 	 - 

ama waer-rejaeaiica.ons 01 interesl 
-7 

Pig. II. 3.-i 2 describes groups of soclo-econ.omic interest and 
evaluation possibilities relating to the utility and hazardous-

ness of hydrogeographic endowments and to water rnnagement. ] 
addition types of climatic impacts are given. 

It is important to study the connction between water m,nagement 
and national eoonomy and the intersectorial relations of water 
nagement. It includes the necessity to assess and evaluate all 
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isn activities affecting the anvironnent and hydrological pro-
cesaea of the region or country, independently of the administra-
tj.ve or economic sector- which will perform, control and plan the 
activity. 

Pig. 11.3.-1 3 shows the impacts of water ad land use activities 
upon water balance, water quaLity, aquatic environment, eConomy 
and society. This grouping underlines that the most important 
human economic activities modifying the endowments and the hydro-
logical processes do not figure, in general, among water use no-
tivities but rather anlong land use activities. 

The moat considerable changes which have taken place in the recent 
past in the field of water quality, water balance and aquatic 
enrironment were mainly caused by 

- pollution sources associated with some types of land use 
(waste &iaposal, burying of toxic substances, application of 

r 	fertilizers, disposal of.liquid manure from stock breeding 
'farms; etc.) 

- activities of mineral mining (soft coal, bauxite tc.) 

- changes in the technology o( soil cultiation (farming on 
: large fields, pedological consequences of mechanized culti- 

'ration, increase of tillage d.eptb.eto.) (1, 2, 3). 
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