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Chapter | Hydrometric Stations

1.1 Hydrometric network design

1. 1.1 Purpose of network design and classification of network

On account of the different geographic regions and natural conditions on the earth,
the hydrological phenomena are also diversified everywhere. In order to study the re-
gime of hydrological factors in areas with different hypsographic conditions, various
kinds on hydrological stations are required to be set up to collect the hydrological data.
The quality of the observed hydrological data closely depends upon the location of the
hydrometric stations. Hence it is of great importance to make network design prior to
the establishment of hydrometric stations.

The aim of the network design is to set up scientifically various kinds of hydromet-
ric stations in suitable positions so as to make them play greater role than they are indi-
vidually situated. Hydrometric network may be classified into base network, network
for special purposes and experimental network according to their task. The base net-
work must meet the needs of the national economy and is designed according to the sci-
entific principle, that is, to control the area and temporal variation of hydrological ele-
ments in an area with a minimum number of hydrometric stations. The hydrometric sta-
tions must be able to operate for a long term unless the natural conditions are changed
due to human’s activity.

The network for special purposes is established for certain special purposes or for a
particular project. The observational items. the location of the stations and the require-
ments of the observation are to be specified by the department concerned. The hydro-
metric stations can be withdrawn after sufficient data are collected.

The experiment network is set up for the purpose of an all round and deep research
of the process of hydrological phenomena or some water body. The number of such sta-
tions is generally limited, whereas the measurement is comparatively complicated for
carrying out a detailed study of the hydrological phenomena. Therefore, the experi-
mental network not only serves for the special purpose of its own but is also worthy for
improving the work of other kinds of network.

According to different observational items, the hydrological networks may be clas-
sified as discharge, stage., sediment, rainfall, evaporation and the water quality, etc.
network. The experimental stations deal with the following specific subjects, such as:
runoff, lake, evaporation, hydrometric method, river bed evolution, and estuary, etc..

Every kind of network must be designed in line with certain criteria. An emphatic

1



Chapter |  Hydrometric Stations

introduction of the specifications of base network design will be given below.
1. 1.2 Principles for designing a base network

Design of a base hydrometric network rests on the principle that the variation of
hydrological factors may be controlled by a minimum and appropriate number of hydro-
metric stations. However, economic as well as technical considerations are also involved
in the design of base network.

Of all the base hydrological network, the stream gauging network is the most im-
portant, on which the following introduction will be focused.

Nevertheless a general description will also be given to stage network., sediment

load network, rainfall network and the evaporation network.

1.1.2.1 Principles for the design of a streamgauging network
The principles of a stream gauging network design are somewhat different in con-
sidering the size of the river basin, the difference between the main stream and tributa-

ries as well as the different reaches of a river.

1. The linearity principle

This principle is suitable for large rivers and main streams. It is generally used for
rivers with drainage areas larger than 5000km?.

In establishing stations along large rivers or main streams it is necessary to satisfy
the linear interpolation of the runoff characteristics along the river and meanwhile to
take account of the requirements of hydrologic forecasting.

Considering the observed error involved in the flow measurement, a reasonable dis-
tance must be kept between any two adjacent stations along the river. The increment of
the intervening area (or the local inflow) should be larger than 10%-15% of the area

(or inflow) controlled by the upstream sites as shown in Figure 1. 1.
A, — (A +A;+AD
A +A+A,

Where A,, A,, A;,, A,—drainage areas controlled by stations 1, 2, 3, 4 respec-

>10%-15% (1. 1)

tively.

Equation (1. 1) is applicable to sparse-data regions of comparatively homogeneous
hypsographic conditions and uniform rainfall distribution. With adequate data, it is bet-
ter to use the following condition

Y — (Y +Y54-Yy)
Y, +Y;: 1Y
Where Y,. Y,. Y,, Y, —runoff amounts corresponding to stations 1. 2, 3, 4 re-

>10%-15% (1.2)

spectively.

When Equation (1.1) or Equation (1. 2) is satisfied, the establishment of the sta-
tion 2 is permissible. The proportion 10 %-15% is the lowest limit. The maximum dis-
tance, between adjacent stations will have no definite limit, just as the case may be, as
shown in Figure 1. 1.

In the adjustment of the network, the established stations should be utilized as far

as possible, especially those stations with longer history. The development of the na-

2



1.1 Hydrometric network design

tional economy, the natural conditions of the section and the convenience of the daily

life should also be taken into consideration.

2. The rationality principle

This principle is suitable for establis-
hing stations on rivers with drainage areas
ranging from 200 to 5000km®. The main i-
dea of the rationality principle is to estab-
lish stream gauging stations on the repre-
sentative rivers. When several similar con-

tiguous basins are under study, the ob-

served data of the representative stations

may be utilized and it is unnecessary to es-
tablish hydrometric stations on every Figure 1.1 Sketch illustrating the locating
stream. For instance, if two rivers are of statipus by the lnearity pribciple

similar in area, topography, soil and geological conditions, slope, vegetation cover
and other conditions, similar rainfall patterns will result in similar hydrographs. This is
the starting point of the rationality principle.

Prior to the choice of a representative river, it is necessary to carry out the investi-
gation of the natural conditions for a number of watersheds, so that the division of
hydrological homogeneous areas may be effected.

As to lakes and depressions, marshes, regions of dense drainage net and arid re-

gions, individual division should be made.

3. Station grouping principle

Owing to the large number of rivers with drainage areas less than 200km*, myriad
of representative stations would be required if the rationality principle is followed. In-
stead, the principle of station grouping will be applied.

The principle of station grouping is one in which a group of stations are established
in a region rather than a single one. The data obtained from a group of stations with
different hypsographic conditions can be transposed to hydrological similar but engaged
small basins.

1.1. 2.2 Principle of establishing a base stage network

The change of stage in a river results from the variation of discharge., and also from
the influence of river morphology which is affected by scour and silting of the river bed.
It is very difficult to make a complete description about the flow regime by means of
stage only. On the middle and upper reaches of a river the gauge stations are generally
not established individually unless the distance between hydrometric stations are too
long, and thus additional gauges are necessary. But for levee confined river reaches.
tidal river reaches, regions of dense drainage net and lake basins or reservoir basins,
owing to unnecessary or impossible establishment of discharge stations, the base stage
network should be well designed so that change in flow regime can be grasped.

1.1.2.3 Principle of establishing a base sediment network

The amount of sediment carried by stream flow is mainly governed by the erosion of
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ground surface which is closely related with the soil characteristics of the basin. Hence.,
in establishing the sediment network, careful consideration should be given to the laws
of sediment yield in the basin and the accuracy of the measuring device and analysis as
well.

The base sediment station should be set up as the mean annual sediment concentra-
tion exceeds 0. 05 — 0. 1kg/m®, but may still be required for those areas with less sedi-
ment load.

In order to calculate the sediment discharge, the base sediment station should be
combined with the stream gauging station.

In order to meet the requirement of drawing the isoclines of erosion modulus, the
sediment stations need to be distributed uniformly through out the region. However, it
should be densely distributed for areas of larger sediment yield and sparely distributed
for areas of less erosion.

For the base stream gauging stations located at existing or projected reservoirs,
and upstream of the intake of irrigated areas sediment runoff is an indispensable item to

be measured.

1.1.2.4 A brief introduction to the design of basic precipitation and evaporation net-
works

The base rainfall stations are chiefly established to meet the requirements of hydro
logical computations and forecasting. However, the network density required to control
the storms is still akey problem in China.

Basicaly, the distribution of base evaporation stations will depend on the desired
accuracy of observation and calculation. Because the mild area is relatively small, one
evaporation station usually installed per 5000km® is acceptable for the average condi-

tions. This desity of network might be still smaller for the remotel locations.
1. 1.3 Hydrometric networks in some countries

The network design is a matter of great significance for the hydrological work. At
present, considerable attention has been paid to it and different extents of development

have also been achieved. A list of the network in some countries is given in Table 1. 1.

Table 1. 1 Hydrometric networks in some countries
Number
No. Country Area (km?)
Rain gauges Stream gauging stations
1 Argentina 2776763 3445 700
2 Australia 7000000 6660 1359
3 Austria 83849 771 249
4 Brazil 8850000 5000 1300
5 Canada 9950000 1940 1327
6 China 9600000 12817 2917




1.2  Selection and reconnaissance of river reaches for hydrometric stations

Continued
Number
No. Country Area (km?)
Rain gauges Stream gauging stations
7 Costa Rica 50900 142 31
8 ech Repubhe 128000 1242 519
9 Egypt 1002000 91 66
10 Ethiopia 90720 360 55
11 Finland 337000 570 190
12 France 550000 4295 760
13 Germany 248000 2950 1757
14 Ghana 238000 449 35
15 Guinea 255000 43
16 Honduras 115205 15 49
17 Ttaly 301000 2080 520
18 Japan 370000 6000 2000
19 Kenya 583000 1435 425
20 Mauritania 1085000 33 4
21 Mauritius 2090 259 18
22 Morocco 500000 602 57
23 Norway 324000 700 600
24 Peru 1285215 926 4 210
25 Rwanda 26338 9 8
26 Senegal 201000 65 4
27 Sweden 450000 ‘l 000 388
28 Tanzania 833000 942 133
29 Tunisia 67000 510 95
30 Turkey 776980 1317 909
31 Uganda 236037 424 78
32 U. S. A. 9300000 10500 7601
33 USSR 22402000 18489 11000
34 Zaire 2344116 445 2

Note: Should be taken out since the union of soviet socialist Republics was dissolved in late 1991,

1.2 Selection and reconnaissance of river reaches for hydrometric

stations

The selection of river reaches for measurement is related to the convenience of the

measurement and the desired accuracy of the observed data.

Hence it is also very impor-
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tant to select and survey the concrete river reaches after the network design. The gaug-
ing stations are established chiefly for knowing the flow regime of the river interested.
It is quite simple, however, to obtain a record of river stage. If a stable (single valued)
relation between stage and rate of discharge can be developed, then the work of dis-
charge measurement and data compilation is expected to be greatly reduced by using this

relationship.
1.2.1 Control of hydrometric stations

By control reach (or section if shorter) is meant the river reach situated down-
stream of the hydrometric site having a stable and single valued stage discharge relation-
ship.

The relationship between discharge and stages (also called the rating curve of the
Z—Q relation) is generally set up for a pre-selected cross section of a river or an artifi-
cial channel.

Controls are classified as follows.

1. Section control

The effect of the stable section is called the section control, which says natural or
artificial local narrowing of the cross section (waterfall, rock bar, gravel bar) creating
a zone of acceleration. Disturbance downstream the control will not be able to pass the
control in upstream direction. The section control is located usually at places with rock
sills, rapids and contracted opening etc. The pre-selected cross section is also referred
to as a control. A control is governed by the geometry of the cross section and usually

by the physical features of the river downstream of the section.

2. Channel control

The effect of the control reach is called the channel control, which means a cross
section in which no acceleration of flow occurs or where the acceleration is not sufficient
to prevent passage of disturbances in upstream direction. The rating curve depends on
the geometry and the roughness of the river downstream of the control. The length of

the downstream river-affecting the rating curve depends on the discharge and on the en-
ergy slope L * % Channel control is generally formed in the case of straight channel

reach with uniform section, stable bed and relatively steep longitudinal profile.

Both the channel control and the section control are known as the station
control. Obviously, it is disable to select the hydrometric stations with a good control
located downstream from the site under consideration.

In many situations the cross section is a complex control: during low discharges the
section is a section control or a structure control, during peak flow the section becomes
a channel control.

3. Structure control
This control is artificial local narrowing of the cross section like weirs and flumes
discharging under free flow conditions.

The characteristics of the control determine the behavior of the stage-discharge rela-



