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WATER, WATER, EVERYWHERE
NOR ANY DROP TO DRINK

COLERIDGE
THE ANCIENT MARINER
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SYNQPSTIS

The lack of quality data over long periods for different para-
meters and different rivers has up till now been prohibitive for the
formulation of a mathematical relatlonship between the changes in
river water quality and the changes in human activities which are res-
ponsable for it. A model is proposed which 1s based on a Potential
Pollution Index (P.P.I.). The P.P.I. depends on size of population
in the river drainage area, the economic activity in the river basin
and the average waterflow of the river., The relation of this P.P.I.
and actual river water quality is derived from river water quality
data of 160 riversites from all over the world. Based on the concept
of a Potential Pollution Index a «¢lassification of rivers is given
and general water pollution trends are presented. From these general
water pollution trends a reconstruction of natural pollution levels of
rivers as well as a prognosis of water quality for rivers in general
and for the specific case of the river Rhine in the year 1980 and
the year 2000 are derived.

Finally the usefulness of the P.P.I. as an indicator for &ani-
tation programming and P.P.TI.'s possibilities for the communication

of information on river water quality are considered.

It is hoped that the preliminary results of this paper will
stimulate others, especially in Latin-America, Africa and Asia, to
make available more information on water quality of rivers in these

regions.



INTRODUCTION

Rivers have always been very important to human soc¢iety. From
ancient history names are known to us like the Ganges in Pakistan,
the Jordan in Israel and the Nile in Egypt. Rivers consitute for
mankind as a whole the principle source of water although they con-
tain only about 0.01% of the water of the globe. This importance of
river water is a result of the easy accessibility and the superior

quality as compared with stagnant water.

When the population density in the drainage area of a river in-
creases, the use of river water for different purposes will be also
intensified: transport of agricultural and industrial materials,
irregation, {ishery, community water supply, waste disposal and re-
creation. As soon as the digcharge of wastes into the river is tres-
passing a certain threshold, whereby the dilution of pullutants and
the self-purification capacity of the river are no longer sufficient
to restore natural waler quality, man 1s confronted with a multitude
ot problems. The most important implications of river water quality
deterioration arec:

1. increasing risk of breakouts of infectious diseases (pest, cholera,
etc.);

2. fishkills by decreased dissolved oxygen content;

3. increcased eutrofication;

4. increasing quantity of substances exerting a c¢hronic toxicity to
the ecosystem (carcinogens, organcchloropesticides, heavy metals

etc.).

Up till now the lack of guallity data over long periods for diff-
erent parameters and different rivers has been prohobitive for the
formulation of a mathematical relationship between the changes in
river water quality and the changes in human activities that were
responsible for it. Such a relationship would possibkly give an answer
to questions like:

1. what might be the water quality at a specific riversite in the
year 2000 or what has been the "natural" water quality e.g. 100

years ago;



2. at what time should gpecific measures of pollution abatement be

programmed and how should the results be judged.

The key to the proposed mathematical relationship is an index
which depends on the size of the population and its economic activity.
The effect on water quality of the potential pollution charge of a
river that is represented by these two factors, will mainly depend on
water discharge of the river and the degree of sewage treatment. Not
taking into account the effect of waste water purification a Potential

Pollution Index can be defined as follows:

_ N x G.N.P./cap.
P.P.I. = o % 108 (1)
where:
P.P.T. = Potential Pollution Index for a specific riversite
and year of observation
N = Number of people living in the considered drainage

area

G.N.P./cap. Average Value of the Gross National Product/Capita
(U.$.%) applving to the population of the considered
drainage area

Q = Yearly average discharge (m3/s)

It is of interest to mention a similar concept here: the GNP/Area
Ratio, that has been proposed in the meantime by GOLDBERG AND BERTINE
(1971) as an approximate bulL useful measure of the potential pollution

of a country.

The estaklishment of a model, that describes changes in river
watcer quality as a function of time, will become possible by correl-
ating P.P.I. values with actual water quality data. For this purpose
a guestionnaire was sent in 1971 to about 300 environmental agencies,
river authorities, resgsearch instutions, universities etc. all over the
world. A general specification of the available information is given
in the Appendix. An evaluation of the data and some preliminary con-—
clusions that can be derived from this material will be presented in
this paper. Finally the results will be tested on a case history of

the river Rhine.



SPECIFICATION OF AVATILABLE INFORMATION

As a result of responses to the guestionnaire a total number of
more than 1000 yearly average values for about 50 water gquality para-
meters at 160 riversites have been gathered. Most of the data orig-
inate from the United States of America and Western Europe, in part-
icular the United Kingdom (see Figure 1). For each of the following
parameters more than 40 values have been obtained: Chloride, Fluoride,
Phosphate (ortho), Total Hardness, B.0.D.5, Coliforms, Iron, Manganese,
Zinc and Copper.

NUMBER OF
RIVERSITES
CONTINENT COUNTRY WITHWATER
QUALITY
DATA

AFRICA SOUTH AFRICA 1
SUDAN 1
AMERICA(NORTH.} | U.S. OF AMERICA
ASIA IRAN

1SRAEL

NEW ZEALAND
PHILIPPINES
VIETNAM (SOUTH)
AUSTRALIA AUSTRALIA
EUROPE BELGIUM

FED. RER OF GERMANY
FINLAND

FRANCE

GREECE

HUNGARY
NETHERLANDS
NORWAY

SWEDEN
SWITZERLAND
UNITED KINGDOM

mmmw—-wmuuu-—m-wg

v-z

TOTAL 160

FiG.1 ORIGIN OF RIVER WATER QUALITY
DATA



The average river 1in this study has a yearly discharge of about
100 m3/s, while only 10% of the considered rivers have a yearly dis-
charge of more than 1000 m3/s (see rigure 2). Although it may be
stated that the size of the considered rivers 1is rather representative,
this does not at all apply to the economic situation in the considered
drainage areas. About 7.5% of the drainage areas have an average
G.N.P./Cap. of U.S. % 1000 or less, while about 75% of the world po-
pulation belong to this category. Especially in this respec¢t the
available information needs to be completed by data from South America,
Asia and Africa. On the other hand a more extended list of parameters
has to be aimed at, that includes organic pollutants like mineral oil
and synthetic detergents as well as micropollutants like polynuclear
aromatic hydrocarbons, pesticides, tastc and odour substances and

metal compouhds.
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CLASSTFICATION QF RIVERS IN VIEW OF THEIR POTENTIAL POLLUTION

The potential

vary considerably.

ed to approx.

Philippines, while

0.01

Santa Ana River at

The lowest P.P.I. value found up till now,

pollution of rivers as indicated by the P.P.TI. can

amount—

for the Angat River at the Ipe Dam in the

the Prado Dam in California.

the maximum value amounted to approx.

Figure 3
lowest P.P.I.
in relatively

P.P.I. values

SSTE?HSE RIVER LOCATION D?CgARGE COUNTRY
INDEX m3/s)
RIVERS WITH MAXIMUM BPR{ VALUES
280 SANTA ANA FRADO DAM 13.0 U.5 A (CAL)
270 SANTA CLARA SANTA PAULA 8.0 U.5.A. (CAL.)
265 LEE CHINGFOQRD e.5 UN_KINGDOM
200 |eLyTHE BLYTHE BRIDGE 0.5 UN.KINGDOM
130 MERSEY HOWLY WEIR 42 UNKINGDOM
110 CHELMER/BLACK WATER | LONGFORD 3.2 UN.KINGDOM
110 SKILLET FORK WAYNE CITY 1.3 s A (ILL)
110 SAMBRE NAMLUR 15 BELGIUM
100 TRENT NOTTINGHAM B2 UN.KINGDOM
90 NORTH CANADIAN OKLAHOMA 19 U.5 A.(OKLA)
RIVER WITH MINIMUM PRI VALUES
0.24 CAM-LE DA-NANG 125 S.VIETNAM
0.30 STORSION OSTERSUND 240 SWEDEN
0.20 |JAJRUD LATIAN 5.4 IRAN
0.15 BLEU NILE KHARTOUM 1.640 |SUDAN
0.13 TOWY TY CASTELL 46 UN.KINGDOM
Q.13 LULE ALV BODEN 500 SWEDEN
. KARAS SIERA 10 IRAN
007 |MEKONG CHAU-DOC 14500 {S.VIETNAM
0.06 DENMARK DENMARK WEIR 4 AUSTRALIA
0.009 | ANGAT IPE DAM 40 PHILIPPINES
FIG. 3 TEN RIVERS THAT ARE MAXIMAL/MINIMAL CHARGED

WITH POTENTIAL POLLUTION

1000 for the

shows 10 rivers respectively having the highest and the

regis

small rivers in the U.S5.A.

tered.

and Western Europe.

The highest potential pollution is found

Low

are registered for rivers of different size in Asia,

Africa and parts of Scandinavia.

Among the larger rivers of the world

with an average yearly discharge of more than 2000 m3/s the Rhine

proves to be potentially the most polluted one. (Table 1.)
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Table 1. P.P.I. values for rivers with more than 2000 m3/s discharge.

P.P.TI. 2ligggrg§/s River Location Country

39 2.2 Rhine Lobith Netherl ands

13 2.2 Migsouri $t. Louis U.S.A. (Miss.)

7.6 15.8 Mississippi Vicksburg U«.S«A. (Miss.)

5.5 7.3 Ohio Cairo U.S.A. (I1l.)

3.8 2.4 Danube Budapest Hungary

2.3 6.8 St. Lawrence Ogdensburg | U.S.A. (N.Y.)

2.2 5.5 Columbia Bonneville U.S.A. (Ore.)

0.068 14.5 Mékong Chau=Doc S. Vietnam

A more detailed classification can be developed by comparing the

actual P.P.I., value of a river with the P.P.I. value of its natural

state of pollution. The natural pollution will mainly depend on
geological and hydrological characteristics. Rivers with a relatively
low discharge will naturally be more polluted than rivers with

relatively high discharges. FPigure 4 shows the tentative relation-
ship for the P.P.I. of naturally polluted rivers (G.N.P./Cap. smaller
than U.3. $ 1000 in the drainage area) and the drainage area/discharge
ratio. From these relatively few data the following general definit-
ion of the natural potential pollution index (P.P.I.N) of a river can

be tentatively derived:

log (P.P.I..) = 2.2 log (D.A./DISCH.)-4.8 (2)

N

where:

D.A. = Drainage Area in kmZ2
DISCH. = Discharge in m3/s

Based on this natural P.P.I. value the following classification
of rivers to their degree of potential artificial pollution is pro-

posed:

12



100

4

10g(PP1.R)=2,2109(D.A/DISCH.} - 4,8

0 20 30 40 50 7080100 200 300 500
—e= drainage area/discharge ( kme, m3 sec)

FIG.4 TENTATIVE RELATIONSHIP FOR PPI.AND DRAINAGE
AREA/ DISCHARGE RATIO OF NATURALLY
POLLUTED RIVERS (G.N.P/CAR <1000 US §¥)



Table 2., Classification of rivers to artificial pollution.

P.P.TI. Class

>5 x P.P.I.y Naturally/Slightly Artificially
Polluted

5 x P.P.I.N - 50 x P.P.I.N Moderately Artificially Polluted

{50 x P.P.I. Strongly Artificially Polluted

N

The result of this type of classification is given in Figure 5,
which also proves that the river Rhine is one of the bhest examples of

artificial river water pollution.

The Jordan noar Lake Kinneret in Tsaracl

(Photo by J.M.G. van Damme)
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GENERAL WATER POLLUTION TRENDS

A detailed presentation of the obtained results for the water
quality trends of five parameters in relation to the P.P.I. is given

in Figure 6.
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The overall result concerning those 11 parameters for which
more than 40 data are avallable is presented in ligure 7. Tentatively
some general trends can be distinguished.

1/ _ )i ,%)’ Ay
Voo e T
(A A/
L1/
" A |/

0,09 T T T T
.01 5 01 5 10 5 10 5 100 5 1000
concentration units e —

FiIG.7 TENTATIVE GENERAL WATER QUALITY TRENDS IN RELATION TO THE PPRI.

&
S
~

s

The most sensitive parameter for increasing P.P.TI. values is the
Coliform number, followed by respectively the o-Phosphate content,
the Nitrate content and the Total Hardness of the water. Most para-
meters are in general rather insensible {o changes in P.P.I. when the
P.P.I. values are below 1.0. Above P.P.I. values ol 10, Chloride and
Fluoride content are distinctly increasing while an abrupt increase
appears in this P.P.I. range for the B.0.D.5 and the content of me-
tals like Iron and Zinc, Tor P.P.I. values of 10 and morc, a lass

sharp increase is found for Manganese and Copper.
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The lenry Mountains in the drainage area of the Colorado, Utah, U.3.A.

(Photo Llrom Wator, Time Inc.)



RECONSTRUCTION OF NATURAL POLLUTION LEVELS

Using the information of Figure 7 it is generally posgsible to
approximate the natural pollution levels of rivers for the individual
parameters. This c¢an be of practical importance for the establish-
ment of water quality standards. (ZOETEMAN, 1973). Because of the
insufficient knowledge on dose~effect relations for water pollutants
a tendency exists to attach much importance to the natural quality
of water. Although considerable deviations for individual rivers do
occur, which will be of decisive significance for establishing local
water quality standards, the natural water quality of an average
river will be in general of value for river water guality management.
For this purpose concentration levels of several parameters for

naturally polluted rivers are summarized in table 3.

Table 3. Quality specification for the natural state of rivers.

Parameter Concentration Concentration for an
Range (mg/1) average river (mg/1)

Phozphate (ortho) (P04) 0,005 - 0,1 0,02

Copper 0,001 - 0,05 0,012

Manganese 0,002 - 0,08 0,01

Zinc 0,005 - 0,1 0,025

Iron 0,005 - 1,0 0,1

Fluoride 0,05 - 0,8 0,25

Nitrate (NO3) 0,005 - 8 0,5

ROD5 0,5 -5 1,5

Chloride*) 1 - 35 17

Total Hardness (CaC03) 10 - 100 25

*) Brackish Waters excluded

19



THE P.P.I. A5 AN INDICATOR FOR SANITATION PROGRAMMING

From Figure 7 it is evident that even in the case of rivers
with P.P.I. values as low as 0,01 the presence of c¢oliform and
pathogenic bacteria will be prohibitive for the direct use of river
water as drinking water., Any community water supply using river water
should at least apply chlorination or slow sand filtration. As the
content of faecal organisms increases very rapidly with increasing
P.P.I. values a disinfection of municipal effluents should be strived
after starting at P.P.I. levels of 10 - 100. This 1is specially im-
portant both in viéw of water supply, and of recreational purposes.

As plant nutrients like Phosphate and Nitrate depend even at low
P.P.I. ranges on P.P.T. it is recommendable to start eutrofication
abatement already at P.P.I. values of 0.1, as far as Phosphate removal
from municipal waste water can reduce the total Phosporous input
considerably and for those cases that river water stagnates. At
higher P.P.I. values of 10 - 100 the river water will become very
eutrophic and reduction of the potential phosphorous input (e.g. by
a tertiairy treatment at sewage treatment plants) is absolutely
necesgary for rivers with stagnating parts. Rivers with a P.P.I. of
10 - 100 will potentially be threatened by anaerobic conditions. Ex-
haustion of dissolved oxygen in a river is absolutely unacceptable
and must be prevented by biological sewage treatment plants. As the
content of various heavy metals and probably also the content of toxic
organic micropollutants will be considerable above the natural level
at P.P.I. values of 10 and more, water works should not only apply
coagulation, softening and sand filtration processes, but also ozoniat-
ion and activated carbon filtration to minimize the risk of chronic
toxic effects. As concerns waste water discharge, a stringent control
ol the discharge of individual pollutants like pesticides, mercury

compounds etc, must be executed.

At P.P.I. levels of rivers above 100 a very rigorous sanitation
program must be realized by an extensive and effective organization
for river water quality management and examination. Even then it

will be difficult to establish a healthy river water quality that can

20



suppert a well-balanced ecosystem. At these high P.P.T.-values
community water supply will be confronted with new problems like
concentrations of parameters as Fluoride, Nitrate and Chloride that
exceed the standards for drinking water. Unless the discharge of
these pollutants 1s reduced these heavily polluted rivers might
become excluded as sources for community water supply. In this
situation mixing with possibly available good quality water from
other sources is one posgibility and application of desalination

techniques is another to arrive at drinking water quality.
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The Hudson near New York, N.Y., U.S.A. (Photo by J.M.G. van Damme)
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The origin of the Rhing in Swatrarland (Photo from VEWIN)



CASE-STUDY OF

THE RHINE

As the r
interesting t
the increase
border) over
prognosis is
the drainage
P,P.I. of 39.
republik Deut
Statistisches
the following
for 1850-1970
1.8%/year for

200

iver Rhine has already a long history of pollution, it is
o check the P.P.I.-concept on its case. A prognosis ol
of the P.P.I. for the river Rhine at Lobith (Dutch-German
the period 1850 -~ 2000 is gdven in rigure 8. This
based on the situation in 1970 with a total population in
area of 41 million, a G.N.P./Cap. of U.3. $ 2100 and a
Using data of Statlstische Jahrbuch [{ir die Bundes-
schland (1972), Annulaire statistique de la TFrance (1967),
Jahrbuch der Schweiz (1972) and of KAHN AND WIENER (1967)
growth rates have been derived: population growth 1%/year
and 0.8%/yvear for 1970-2000; growth ol the G.N.P./Cap.
1850-1950 and 3.8%/year for 1950-2000.
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FIG.8 POTENTIAL POLLUTION INDEX FOR THE RIVER RHINE AT LOBITH ( PERIODE 1850- 2000)
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Considering water quality data from MOLT (1961) and the Inter-—

national Commission for the Protection of the river Rhine against

Pollution some trends are calculated and presented in Figure 9.

Although Phosphate concentrations are somewhat below the average

level,

are considerably above the average trend.

future concentrations that must be expected in case

ion measures are not realized.

PI‘-‘OSPHATE NITRATE CHLORIDE BOD.g IRON
. 8581972 1068 a7 2 18751972 1964-1972 :ggg’_“ggg
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FIG. 9

AVERAGE TREND

v = RHINE TREND

RELATION PPI.AND FIVE PARAMETERS FOR THE RHINE
(YEARLY AVERAGE VALUES)

concentrations of other parametcers and especially of Chloride
Table 4 gives a survey of

adequate sanitat-
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Table 4. Prognosis for five parameter concentrations in 1980 and
2000 in casec sanitation measures are omitted in the drain-
age area of the river Rhine (values for average discharge
of 2200 m3/s).

Parameter Concentration

1875 1970 1980 2000
Ortho=-Phosphate (mg/1) 0.05 0.70 1.0 3.0
Nitrate (mg/1) 1.5 13 20 45
Chloride (mg/1) 12 160 250 500
BOD; (mg 05/1) 2.0 9.0 13 40
Iron (mg/1) 0.15 2.0 3.5 20

These values cmphasize once again the need to establish in an
early stage of pollution the construction of treatment plants and
the necessary legislation and enforcemenl for pollutlion abatcment.
In this context it is useful to confront the general sanitation

profile with history and plans for the river Rhine as shown in Fig.10.

GENERAL WASTE WATER TREATMENT TREATMENT FOR WATER SUPPLY | YEAR
BEI. FOR
RANGE REALISATION e
PROCESSES REALISATION PROCESSES RHINE
AT RHINE -PPI. AT RHINE -PPIL.

CHLORINATION

<03 NON 2.0 1875
SLOWSAND FILTRATION

P ~REMOVAL BREAKPOINT CHLORINATION
01-10 COAGULATION-SOFTENI 15 1945
RECOMMENDED RAPID SAND FILTRATION
SEDIMENTATION MIXING BlJ STORAGE
50 RESERVOIRS 197
BIOLOGICAL OXIDATION SN 50 975
10-100 |DISCHARGE RESTRICTIONS AGTIVATED CARBON ABS,
P-REMOVAL -TERT.TREATM
(78) (7%) 1985

EFFLUENT DISINFECTION

ADVANCED TREATMENT
=>100 (150) (DESALINATION) 150 2000
ADVANCED DISCH, RESTR.

FIG.10 GENERAL SANITATION PROFILE AND THE CASE OF THE RHINE




FINAL CONSIDERATIONS

As has been elaborated in this paper the P.P.I. concept offers
a general matrix for water gquality data of different origin, differ-
ont kind and different time. From this matrix general trends can be
derived to deduce river water gquality in the past and to extrapolate
quality trends to the future. Turthermore the P.P.I. concept can be
extended to a scientific yardstick in the process of decision making
concerning sanitation programming. The more data on water quality
are available the more precise this yardstick will be. For this
purpose a detailed study has to be undertaken on the relation of
P.P.I. with the presence of micropollutants, with specified sanitat-
ion programs and with biological parameters like quantity and qual-—
ity of algae and fishes. Last but not least P.P.I. can be used for
the communication of information on water quality. The Water Quality
Index of BROWN, MCCLELLAND AND DEININGER (1972) of the National
Sanitation Foundation, Ann Arbor, Michigan that has heen developed
for this purpose might be supplemented by an "A¢tual Pollution Index".
An Actual Pollution Index can be derived from P.P.I.-concentration
relations (sce Figure 9) by calculating for each parameter the P.P.I.
value that corresponds with the actual concentration. The Actual
Pollution Index can be defined as the average of the sum of thesge
"appearant" P.P.I. values for the different parameters. Like the
Water Quality Index the Actual Pollution Index (A.P.I.) represents
the actual river water gquality. The difference between P.P.I. value
and A.P.I. value of a river can be considered as a measure for the
elftect of sanitatlon programs. The lowest attainable value for
A.P.I. will be the already mentioned Natural Potential Pollution

; (P.P.TI. -
Index (P.P,.TI N)

It is sincerely hoped that the P.P.I. concept will stimulate
people's imagination concerning the extend of future water quality
problems and that it will contribute in this way to people's
willingness to support the many activities that are needed now for
the restoration and preservation of a healthy water quality in the

rivers on carth.
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DIsS- DRATHN~
CONTINENT RIVER LOCATION COUKTRY YEAR CHARGE AGE AREA| P.P.T.
m3/s km2
1 2 3 4 5 6 7 3
AMERICA (KORTH} MISSISSIPPI EAST 3T. LQUIS U.S.A. (ILL.} 1965 5000 180G.000 21
MISSISSIPPT VICKSBURG U.S.A. (MISS.); 1965 15800 3000.000 Teb
MISSOURL CULBERTSON U.S.A. (MONT.)!| 1966 252 237.000 Te5
MISSOQURI YANKTON U.S.A. (S.D.) 1965 685 724.000 8.1
MISSQURI ST. LOUIS U.S.A. (MISS.)} 1965 2200 1372.000)] 13
KORTH CANADIAN OKLAHOMA U.S.A. {OKLA.) 1970 12 36.000)] 89
OHIC TENNEY SON U.S5.A. {0OHIO) 2970 280C0 2004000 5.0
CHIO LOUISVILLE UeS.4. (KY) 1965 3120 240,000 Se2
CHIO CATRO U.S.A. (ILL.} 1265 T3C0 S00,L.000 5.5
OUACHITA BASTROP U.S A, (La.} 1965 507 A%,000 4,8
POTOMAC GREAT FALLS U.S.A. (MA.) 1270 300 22,000 S.1
RED GRAND FORKS U.S.A. (N.D.) 1965 563 7B.00C| 23
RED ALEXDRTA U.S.A. (LA.) 1965 580 175,000 5.9
RTIO GRAXDE LAREDO U.S.A. (TEX.) 1265 123 352.0000 1z
ROCK COoMo U.S.A. (ILL.) 1265 ) 22.000) 10
SABINE RULIFF U.S.A. (TEX.) 1965 233 24.000 6.7
SACRAMENTO FREEFPORT U.S5.A. {(CAL.) 1970 870 59,000 Ted
SACRAMENTO SACE. DELTA U.S.A. {(CaL.) 1965 650 T0.000 7.4
SAN JOAQUIN VERNALIS U.5.A. (CaL.) 1970 248 31,000 9.2
SANTA ANA PRADO DAM U.S.A. (CAL.} 1370 13 5.300]980
SANTA CLARA SANTA PAULA U.S.A. (CAL.} 1970 8 4,000 270
SATILLA ATKINSON U.S.A. (GA.} 1968 24 T.000] 12
SAVANNAH CLYCO U.S.A. (GAL) 1968 280 25.000 3.6
SKILLET FORK WAYNE CITY U.S.A. (ILL.) 1960 1.3 1.200] 110
SNAKE ICE EARB. DaM U.S.A. (WASH.)| 19865 1390 267,000 3.7
SOUTH CANADIAN OKLAHOMA TU.S5.A. (OKLA.) ¢ 1970 150 122.0040 3.9
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Missizsippi River near New Orleans, Ta. U.S.A. (Courtesy of National

Ocean Survey — NOAA)
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DIS- DRATH-
CORTINENT RIVER LOCATION COUNTRY YEAR CHARGE AGE _AREA| F.P.T
mi/s Jm
1 2 3 4 S 6 7 8

EURCPE BLYTRE BLYTHE BRIDGE UX. KINGDOM 1370 0.5 130|200
CHARADRQOS CHARADROS GREECE 1370 0.2 801 11
gEiEEEiéER LANGFORD Ux. KING3OM 1271 3.2 980210
COLNE COLCHESTER UN. KIXNGDOM 1871 1.1 256 41
COoUET WARKWORTH DAIM. UM. KINGDOM 1970 5.0 5! 5.4
CRAKE SFARK BRIDGE UN. KINGDOM 1971 4.3 73 2.3
CUCKMERE CONBEECE Ux. KINGDOM 1970 0.2 191 80
DANUEBE BUDAPEST HUKGARY 1970 2400 48,000 3.8
DART AUSTINS 3RIDGE UN. KIKGDOM 1958 4.4 2501 17
DZE CHAESTER UN. KINGDOM 19730 3G 1.800 8.3
DERWENT WILXE Uxe KINGDOK 1970 2G 1.180) 38
DEEWENT ELVIKGTON . KINGDOM 1570 15 1.630] 54
DOVE MONKSERIDGE UM. KINGDOM 1376 =) 853G 17
DUDDOX DUDDON BRIDGE UN. KINSDOM 1971 4.8 78 7.5
EAST CLEDDAT CAKASTOMN BRIDGE TH. KINGDOM 1970 6.2 180 1.7
ERME ERMIKGTOMN U¥. KINGDOM 1968 0.8 61| 22
ESK RTUSWARP UM. KINGDOM 2970 4.9 3G 6.7
EURAJOKT EURAJOKT FINLAND 1962 11 1. 300 6.8
EXZ THORVERTOX Ul. KINGDOM 19&8 5.% &00( 18
GLOMMA KONGSVINGER HORWAY 127C 252 19.000 53
GLOMMA EIDSBERG HORWAY 2270 583 45,000
GOTA ALV GBTEBORG SWEDEHN 1870 220 25.00C0 3.
KEMIJOKT KEMI FINLAND 19&9 540 51.000 .65
KENT LEVELS BRIDGE Ux. KINGDOM 12712 1z 220 .3
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DIS~ DRATK-
CCHTIMENT RIVER LOCATION COUMNTRY YEAR CEARGE AGE_AREA| P.P.l1.
m3/s ke
1 2 3 ¥ 5 6 7 3
EUROFE KIFISSOS BUKA KA?AEDOS GRZECE 15970 Z.8 24300 14
KOKEHAEHJOKI PORI FIHMLAND 1563 270 27000 9.3
KY¥MIZOKT KARYULA FIXTLAMND 2959 280 37.0C0 4.5
KYRONJOKT MUSTASAART FINLAND 1969 43 1,800) 5.4
LE= CHINGFORD, ESSEX Uh. KIWGDOM 1970 5.5 1.220] 265
LEVEHNS HAVERTYWATTE UM. KIRGDOM 97 15 360 3.1
LOUSECR TIR=Y~DATT T¥. KINGDOM 1370 2.l O 2.6
LULE RLV BODEXY SWEZEN 1970 5G0 24,500 C.13
LUHE HATLTOM UN. EIEGDOM 8T 35 14 000 3.9
MATH KOSTHEI FED.REP.ZERMANY | 1270 237 27,0003 45
MALAREE-NORRSTRBM STOCKEOLM SWEDEN 1970 170 23,7000 =0
MERSZEY HOWLEYWEIR UM. KIKGDOR 297G 42 2.000(14329
MEUSE LIEGEZ SIELGITM 1271 200 21.000] &0
KEUSE Li”H HNETAERLANDS 1371 125 29.0C00] B3
MOTALA STR&K HORRK&P:EG SWEDEH 1970 an 15,000 S.8
NECKAR LOPPENWEILER FED.REP.CERMANY] 2S70 789 14.0C0 L9
HEMNE ORTOM UHN. XIHNGDOM 1570 12 1.200F 71
OTER DOTTCH UH. KINGDOM 19585 1a2 200 33
CQURTZE IESE IELGIUH 1371 30 3.600] 32
QULUJOKT cuLu FINLAND 1369 230 23,000 1.8
ousz 3ARCONEBE UN. KIEGDOM 197¢C £.7 395| 26
QUSE YORK UN. KINGIOM “57G 63 32.313] 2.5
RHIKE BASZL SUISSE 1365 Sc5 36,000 9.3
RHINE LOBITH NETEZERLANDS 15970 31C0 160,.000) 27




DIS- DRATN-
CONTTHENT RIVER LOCATION COUNTRY YEAR | CHARGE |AGE AREA| P.P.I.
m2/s km
1 2 3 4 5 6 7 8
EUROPE RHOKE BEAUCAIRE FRANCE 1970 1700 96.000| 13
RIBELE PRESTON UN. KINGDOM 1971 33 1.150 | 31
RINGSJON HALSINGBORG SWEDEN 1970 4.0 400 | 6.5
ROTHER HARDHAM UN. KINGDOM 1970 4.5 350 16
SAMBRE NAMUR BELGIUM 1971 15 2.800 {108
STANGAN LINKOPING SWEDEN 1970 14 2,400 3.5
STORSJION OSTERSUND SWEDEHN 1970 240 12.000| 0.30
STOUR STRATFORD ST. MARY UN. KINGDOM 1971 3.0 850 50
SVARTRN OREBRO SWEDEN 1970 12 1.400( 4.5
TAF CLOGYFRAN UN. KINGDON 1970 7.3 220| 2.0
TAW UMBERLEIGH UN. KINGDOM <958 6.3 8an| 12
TAWE YNYSTANGLWS UN. KINGDOM 197 13 230| 0.95
TEES BROKEN SCAR UN. KINGDOM 1970 20 2.000{ 54
TEIFY GLAN TEIFY UN. KINGDOM 1970 34 890| 1.4
TETGN PRESTOMN ¥. KINGDOM 1968 3.7 3go| 32
THAMES TEDDINGTON UN. KINGDOM 1970 98 7.900| s2
TISZA SZEGED HUXGARY 1974 815 45,0001 5.7
TORNIONJOKI ALATORKIO PINLAND 1969 370 40.000| 0.51
TORRIDGE TORRINGTON UN. KINGDOM 1968 5.5 660 11
TOWY TY CASTELL UX. KINGDOM 1970 45 1.200] 0.13
TRENT NOTT TNGHAM Ux. KINGDOM 1970 8z 7.500( 97
TYNE WYLAM UN. KINGDOM 1970 286 3.c00| 73
USK SAIN BRIDGE UN. KINGDOM 197¢ 29 g0l 16
VANTAA HELSINKT FINLAND 1969 15 1.700| 47




The frozen Polomac River at Washington 0.C., U.5.A. (Courtescy of

Natlonal Ocean Survey = NOAA)



>t

CIS~ DRATIN-—
COQUTIMENT RIVER LOCATION COUNTRY YEAR CHARGE AGE AREA | P,.P.T.
n3/s km?
1 2 3 4 5 6 7 8
EJROPE VARNAVAS VARNAVAS GREECE 1970 .2 50 Tod
VATTERN JONKOPING SWEDEX 1970 35 6.400 | 17
TOMBSION MALMO SWEDEN 1970 450 | 3.9
WALLERSHAVEY BOREHAIM BRIDGE . KINGDOM 1270 Ca27 &0 19
WANSBECK BzLOW MITEFORD TH. KIWGDOM 1970 - 355 S0
WEAR CCOCEEN BRIDGE UM. KIMNGDOM <970 -0 1. 200 ch
WELLAMND TALLI®XGTON UN. KINGDOM 1970 - 720 30
WEST CLEDDAU PRE%DEGAST UK. KINGDOM 19790 6.5 200 | 1.7
WHARFE ADDINGHAM UN. KINGDOM 1970 15 440 8.0
WYE BELMONT UM, KEIXGDOM 1270 47 1.900 3.4
WYRE ST. MICHAZLS UM. KINSDGM 1971 [SP) 270 314
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