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[bookmark: _Toc453927550]Hydrological Information System
Planning of water resources projects and real-time forecasting and operations requires adequate information on the hydro-meteorological regime as poor availability of comprehensive and good quality data often leads to unsound design and operation.  The existing systems in many countries including India are inadequate in terms of reliability, accessibility, compatibility, and presentation.  The main causes are manual processing of voluminous information, a wide gap between the tools available and employed, and involvement of number of agencies often lacking desired integration.  A comprehensive computerized hydrological database linked with a geographic database is a basic requirement for efficient water management.
During HP-I and HP-II, extensive documentation was compiled on the design, instrumentation, field methods, and data management associated with Hydrological Information Systems (HIS)..  Though previously available, the information is disseminated amongst a large number of manuals and presentations making it difficult to readily utilize.  In addition, in the intervening years, instrumentation has improved or been developed, prices changed, and better practices learned. Another primary source of information on equipment descriptions and strategies is taken from the training materials produced by Mark Heggli of Innovative Hydrology.  This document pulls together information from these sourcesas well as current best practices globally to provide a ready guide for HIS network design and updated instrumentation portion to reflect modern instrumentation. 
[bookmark: _Toc412485122][bookmark: _Toc453927551]Definition of HIS
A HIS comprises the physical infrastructure and human resources to collect, process, store, and disseminate hydrological, meteorological, and water-quality data.  The physical infrastructure includes observation networks, laboratories, data communication systems and data storage and processing centers equipped with databases and tools for data entry, validation, analysis, retrieval and dissemination.  The human resource refers to well trained staff with a variety of skills to observe, validate, process, analyze and disseminate the data.  Efficiency requires that all activities in the HIS are well tuned to each other, to provide the required data on time, in proper form and accuracy, and at minimum cost. 
[bookmark: _Toc412485123][bookmark: _Toc453927552]Observation Networks
Climate drives the hydrologic cycle as it provides the primary input in the form of precipitation.  Rainfall stations are the basis for assessing the precipitation in times of abundance and deficiency.  In addition to precipitation, full climatic stations (FCS: manual data collection) and automatic weather stations (AWS:  automatic data collection) provide the foundation for collection of climatic parameters used to compute evapotranspiration estimates.  For regions experiencing significant snowfall, snow pillows and snow surveys are also required.  The India Meteorological Department (IMD) collects rainfall and climate data for national estimates, but state networks with great sensor density are required for determining the climatic conditions in their basins.  
River gauging stations have primarily been setup with the objective of collecting water level and discharge data at river and reservoir stations/locations.  At some of these stations, sediment and water quality is also observed.  Stations belonging to the Central Water Commission (CWC) are located on the major river courses whereas those of the States are located on the smaller rivers and tributaries of the major rivers.  The network of the CWC focuses primarily on gathering information on the overall water resources of India, resolving interstate water sharing disputes, and enabling basin-wise flood forecasting.  State networks cover basins more intensely with the aim of providing hydrological data for planning and designing of water resources projects as well as real-time forecasting and operations.
The assessment of groundwater resources in India is based on annual recharge and discharge using a simple form of water balance equation (1GEC 97 Norms).  Among the different inputs, water levels, aquifer parameters, rainfall and evaporation are observed directly while others are estimated indirectly.  Most groundwater observations have been at open dug wells tapping the upper unconfined aquifers.  The water levels measured reveal the piezo-metric head/water table elevation of the semi-confined/unconfined aquifers.  However, the necessary hydraulic well-aquifer connection was not always beyond suspicion.  The frequency of monitoring was limited to four times in a year:  pre-monsoon, monsoon, post-monsoon, and winter seasons.  Presumably, these water levels represent the troughs and peaks of the water table hydrograph, though many times these data points are too sparse to yield reliable and credible conclusions.  Limited monitoring of the piezo-metric head of the deeper confined/leaky confined aquifers has been carried out by some agencies by observing water levels in deep production tube wells.  
Awareness on the need for collecting information on water quality has grown only in the last decade, primarily due to deteriorating quality of already dwindling water resources.  Whereas the river gauging authorities usually try at least to obtain basic water quality variables for selected river gauging station/locations, the pollution control boards take observations with the aim of surveillance near the industrial or urban centers.  In the past, water quality labs were inadequate in numbers and analytical capabilities.  Insufficient finances have also marred operations.
[bookmark: _Toc412485124][bookmark: _Toc453927553]Role of HIS
The primary role of the HIS is to provide reliable data sets for long-term planning and design and to frame rules for management of water resource and water use systems and for research activities in the related aspects.  Based on the network levels, the following classification of stations is introduced: 
Primary stations, maintained as key stations, principal stations or bench mark stations, where measurements are continued for a long period of time to generate representative flow series of the river system and provide general coverage of a region.
Secondary stations, which are essentially short duration stations intended to be operated only for such a length of period, which is sufficient to establish the flow characteristics of the river or stream, relative to those of a basin gauged by a primary station.
Special purpose stations, usually required for the planning and design of projects or special investigations and are discontinued when their purpose is served.  The purpose could vary from design, management and operation of the project to monitoring and fulfilment of legal agreements between co-basin states. The primary as well as secondary stations may also, in time serve as special purpose stations.  Stations established to support a real-time application are good examples of special purpose stations
In designing a network all types of stations must be considered simultaneously. 
[bookmark: _MON_1479074332][image: ]
[bookmark: _Toc420068097]Figure 1.1Role of hydrological information systems (HIS) in decision making process.
To be able to provide this information the first step is to obtain the information on the temporal and spatial characteristics of this object system by having a network of observational stations (Figure 1.1).  The basic data collected for different hydro-meteorological phenomenon through this observational network is called the observed or field data.  Such observed data have to be processed to ensure its reliability.  Both field and processed data sets have to be properly stored, i.e. processed data for dissemination and field data to permit inspection and revalidation in response to queries from users.  Finally, the data need to be available to the end user by making them directly available and/or processing the information into a usable format to make decisions.  
HIS data supports a wide gamut of water projects, from long-term planning to infrastructure design to real-time operations (Table 1.1).  Incorporation of spatial and temporal data into these water projects increases the predictive accuracy, lowers the risk, provides greater economic benefit (more efficient designs, operations, and water use), reduces potential for conflict, and provides the foundation for better decisions.  The basis for planning is the time series of measurements produced through the HIS.  As observed in Table 1.1, time series data are then evaluated on the whole or statistically (e.g. maximum values, minimum, frequency of occurrence, trends, seasonality) depending on the question being addressed and the analysis performed.   Thus, a robust HIS network provides a myriad of benefits to water managers and society. 
[bookmark: _Toc420068136]Table 1.1Application of hydrologic and water quality data in water projects (WMO 2008).
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[bookmark: _Toc412485125][bookmark: _Toc453927554]Scope of Activities for HIS Development
The activities under HIS can be broadly classified in the following categories:
Assessing the needs of users,
Establishment/review of  observational networks,
Management of historical data,
Data collection,
Data processing, analysis and reporting,
Data exchange and reporting,
Data storage and dissemination, and
Institutional and human resource development. 
The next sections will largely focus on assessing user needs, establishing an observational network, and data collection.  Full description of all the steps is outlined in 2Design Manual HIS Vol 1 final.doc.  
[bookmark: _Toc409744652][bookmark: _Toc409991374][bookmark: _Toc410363645][bookmark: _Toc453927555]Assessing the needs of users
To determine the data use when developing a HIS, potential data users and the members of HIS implementing agencies should be consulted.  From these needs, priorities can be identified and the HIS network created to support the needs of multiple stakeholders where possible.  This may require the implementing agency to reconsider its mandate and HIS objectives and incorporate improvements where possible.  New and improved equipment technologies should be assessed on a regular basis and incorporated into the HIS when justified.
[bookmark: _Toc409744653][bookmark: _Toc409991375][bookmark: _Toc410363646][bookmark: _Toc453927556]Establishment/review of observational networks
After the objectives of the system are laid down, the observational network should be designed and implemented to meet these objectives.  It is also important to ensure that the observational networks of different agencies are properly designed and implemented so that duplication is avoided and resulting data from different networks are of consistent quality.  A periodic review of HIS objectives should be undertaken every 3-5 years and adjustments made to the observational network as required.  
[bookmark: _Toc409744654][bookmark: _Toc409991376][bookmark: _Toc410363647][bookmark: _Toc453927557]Management of historical data
State and central agencies have maintained observational networks for many years and voluminous records are held, the majority on manuscript or chart records, which are not readily accessible for use and are of variable quality.  A program of historical data entry has been established in each agency holding such data.  Priority is given to ensuring that current data are entered, validated, and stored effectively.  The next priority is to validate and establish the quality of historic data starting with the most recent decade and proceeding until all data are entered and available in a common electronic database. 
[bookmark: _Toc409744655][bookmark: _Toc409991377][bookmark: _Toc410363648][bookmark: _Toc453927558]Data collection
Institutional, human and budgetary supports are a prerequisite for smooth operation and maintenance of the observation stations and the associated collection of data.  The established network has a number of observation stations and at each station a number of variables are observed at a specified frequency.  The observations are taken manually or automatically depending upon the type of instrument available at the station.  Suitable number of persons having skills appropriate to their job requirement (e.g., Supervisors, Technicians, Observers, Helpers etc.) are engaged and materials are provided at the observation sites for carrying out day-to-day data collection and station maintenance tasks. 
[bookmark: _Toc409744656][bookmark: _Toc409991378][bookmark: _Toc410363649][bookmark: _Toc453927559]Data processing, analysis and reporting
Data processing is a broad term covering all activities from receiving records of observed field data to making them available in a usable form.  The field data are in a variety of formats such as hand-written records, charts and digital records.  Data as observed and recorded may contain many gaps and inconsistencies.  These observed data are passed through a series of operations, typically:
Data entry
Making necessary validation checks, 
Infilling missing values in a data series, 
Computation of variables from raw field data. For example computing discharge from stage by means of the rating curve.
Compilation of data in different forms and 
Analysis of data for commonly required statistics etc. 

Most of the data processing activities are to be accomplished with the help of computers using dedicated hydrological data processing software.  Of particular importance is assuring the quality and reliability of the data provided to users through the application of a variety of validation procedures and the flagging of suspect data.  The user must be informed of the quality of the data supplied and whether the values are estimated or observed. 
Reports are prepared to bring out the salient characteristics of the hydrological regime of the region for each year or season.  Special reports are also made as and when required for attracting the attention of the users towards unusual events, major changes in the hydrological regime or to disseminate important revised long term statistics regularly. 
[bookmark: _Toc409744657][bookmark: _Toc409991379][bookmark: _Toc410363650][bookmark: _Toc453927560]Data exchange and communication
Data processing activities are carried out at more than one level within each agency and this makes it essential to have adequate data transport/communication links between them.  The requirement for communication is to be based on a low frequency and high volume of communication.  There is need for exchange of information between various agencies for the purpose of data validation as surface and groundwater networks are operated by different state and central agencies. 
[bookmark: _Toc409744658][bookmark: _Toc409991380][bookmark: _Toc410363651][bookmark: _Toc453927561]Data storage and dissemination
All available data sets are maintained in well-defined computerized databases using an industry-standard database management system.  This is essential for the long-term sustainability of the data sets in proper form and their dissemination to the end users.  Both, field and processed data sets are properly stored and archived to specified standards so that there is no loss of information.  There is flexibility for data owners to decide user eligibility for data.  Once eligibility is decided all agencies apply standard procedures for the dissemination of data to the users from the computerized databases. 
The types of data stored in the database include:
Geographical and space oriented data, i.e. static or semi-static data on catchment features and hydraulic infrastructure,
Location oriented data, including static or semi-static data of the observation stations and hydraulic structures,
Time oriented data, covering equidistant and non-equidistant time series for all types of meteorological, climatic, water quantity, quality and sediment data, and
Relation oriented data on two or more variables/parameters used with respect to meteorological, climatic, water quantity, quality and sediment data.
[bookmark: _Toc409744659][bookmark: _Toc409991381][bookmark: _Toc410363652][bookmark: _Toc453927562]Institutional and Human Resources development
Since HIS is a vast system, the aspect of institutional and human resource development needs to be given proper emphasis.  The institutions supporting the HIS must be developed in such a manner that the system is sustainable in the long run.  The agencies carrying out different activities under HIS should deploy sufficient staff after trainingSuch training support is to be ensured on a sustainable basis since there will always be a need for training more staff, to replace staff moving out due to retirements and rotational transfers. 
[bookmark: _Toc453927563]HIS General Design Considerations
A monitoring network is based upon the monitoring objectives and the physical characteristics of the systems to be monitored.  The identification of the monitoring objectives is the first step in the design and optimization of monitoring systems.  Related to this is the identification of the potential data users and their future needs.  If there is more than one objective, priorities need to be set.  Identification of monitoring objectives is also important because they determine the scale of changes to be detected in the data, the kind of information to be extracted from the data and therefore the way the data are analysed.  The analysis of the data obtained from the network is also determined by the dynamics of the measured processes.  The physical basis of the relevant processes must be known in order to be able to make preliminary guesses of the scale of the variability with respect to space and time. 
To enable an optimal design of a monitoring network, a measure is required, which quantifies the effectiveness level.  Which measure is adequate depends on the monitoring objectives.  Often, this measure is related to statistical concepts like errors in areal estimates, interpolation error, trend detectability, etc., and can be formulated as a function of:
· sampling variables (what), 
· sampling locations (where), 
· sampling frequencies (when), and 
· samplingaccuracy (with what) (i.e. technique/equipment).  
These aspects also determine the cost of establishing and running of the network, like the costs related to land acquisition, station construction, equipment procurement and installation, station operation, maintenance, data processing and storage and staffing of field stations and data centers.  Once the relation between the chosen effectiveness measure and costs have been established, the optimal network can be found, in principle, by weighing the two in a cost – effectiveness analysis. 
It is stressed that once the network is operational, it has to be evaluated regularly to see whether (revised) objectives still match with the produced output in a cost-effective manner.  This requires some flexibility in establishing new stations and closing down others.  A network, therefore, is to be seen as a dynamic system and should never be considered as a static entity.  
[bookmark: _Toc412485128][bookmark: _Toc453927564]Types of networks
It is necessary to distinguish between the following network levels:
· basic or primary network, with a low network density, where measurements are continued for a long period of time to provide a baseline data set,
· secondary network, with a density supplementary to the basic network to meet accuracy demands, and where stations are kept operational for a shorter period of time,
· dedicated networks, put in place for a certain project, where the project objectives determine the network density and period of operation, and
· networks for representative basins, to study certain phenomena in detail. 
Despite the necessary flexibility in the network layout as stipulated above, part of the network should have a permanent character, to ensure that some basic information be gathered continuously.  
In addition to that network, stations may be established to better cope with the spatial variability of the observed variable.  Once sufficient data have been collected from the secondary network to be able to establish relations with the primary stations, the added value of keeping the secondary stations operational should be re-examined.  This is particularly so, if one is interested in reliable long term mean monthly, seasonal or annual values rather than in each individual value.  Spatial correlation reduces the information content in a set of data from the network taken at a particular moment in time.  For variables like rainfall, where any temporal correlation is fairly non-existing, one more year of data adds on much more information to the data set to compute some long-term average than one extra station does in case of non-zero spatial correlation.  
The concept of representative basins is particularly useful when phenomena have to be studied in detail.  The representativeness in this case particularly refers to the hydro-meteorological boundary conditions.  Small basins may be selected to study e.g. the spatial and temporal variability of short duration rainfall for design purposes.  
[bookmark: _Toc412485129][bookmark: _Toc453927565]Integration of networks
In the Hydrological Information System the following networks are operational:
· hydro-meteorological network of rainfall and AWSs,
· hydrometric network,
· surface water quality network,
· hydrogeological network, and
· surface and groundwater quality network. 
These networks are operated by various State and Central agencies.  To avoid duplication of work and to reduce cost, the networks operated by the various agencies have to be integrated, technically, and organizationally.  
The hydro-meteorological network has to be considered in conjunction with the surface water and groundwater networks.  The former should have sufficient spatial coverage so that all discharge stations in the hydrometric network are fully covered.  This means that dependent on the objectives, rainfall-runoff computations can be made or water balances can be established.  Similar water balance and resource assessment considerations apply also for the hydro-meteorological network in relation to the groundwater network.  Organizational integration of the networks implies that the networks are complimentary and that regular exchange of field data takes place to produce authenticated data of high quality.     
For example, the basin depicted in Figure 2 is facing issues associated with flooding near the city; water allocation between the municipalities, irrigation, industry, and ecological sectors; conjunctive use in command areas; groundwater sustainability for industrial expansion in the proximity of the city; and optimization of reservoir operations to satisfy downstream requirements.  The climate, surface water, and groundwater HIS networks have been developed to address these issues both in space and time.  The state has increased the density of the IMD ARGs (automatic rain gages) to provide a more detailed understanding of the distribution of precipitation for planning as well as to increase alerting power for flood warning systems.  As greater quantityand more spatially varied precipitation falls in the mountainous headwaters, a greater density of precipitation gages has been located in the region including snow pillows to capture the contributions from snowpack.  Automatic weather stations (AWS) have been placed at the reservoir (state) and in the irrigated areas (IMD) to compute evapotranspiration for seasonal planning of the reservoir and irrigation demands.  Given the uniformity of evapotranspiration across the basin, only two AWSs are required for water management.
The surface water HIS network in basin has been established to quantify water distribution in the river system as well as the anthropogenic withdrawal, consumption, and return flow of water (Figure 2).  CWC operates a gauge on the main river midway along the basin, thus the state has augmented the river gages to address the issues.  Stage-discharge stations have been located at significant junctures along the mainstem and significant tributaries to aid in assessing flows for both real-time and planning purposes.These all employ a water level recorder with site specific discharge measurements to develop a stage-discharge rating curve.  Where bridges are located radar sensors have been used, shaft encoders used with stilling wells, and bubblers used where no structures exist.  As flooding is of concern in the reach near the city, the water level recorders have been placed in the surrounding reach to warn of impending flood waters.  Aside from the CWC gauge, the gauges are telemetered as part of the flood warning system.  
The reservoir and associated canal system supporting the command area have been further instrumented, with telemetry, to support operations.  The river upstream of has been gauged using a bubbler to predict inflow from the major tributary.A stilling well with a shaft encoder is used to determine the water levels.  Nearby the stilling well is an AWS to predict rainfall and evapotranspiration used in reservoir management and longer term planning.  Gate sensors used to predict discharge as a function of gate openings have been used on the reservoir to aid in operations.  Canals leading to the command area are equipped with an ultrasonic water level recorder to determine the flow being released for irrigation.   The canalscarrying water into and out of the irrigation command areas are monitored for both water quality and quantity to evaluate irrigation practices.  
[image: ]
[bookmark: _Toc420068098]Figure 1.2 Example basin with climate, surface water, and groundwater HIS networks by multiple agencies.
Digital water lever recorders (DWLR) monitored by the Central Ground Water BoardCGWB are distributed to regionally characterize the groundwater conditions.  Given the conjunctive use and industrial expansion concerns with groundwater, the state has increased the density in and around irrigation fields, around towns and cities using groundwater as a drinking source, and in the vicinity of potential industrial development.  As there is little groundwater resources in the mountains, no DWLRs have been placed there.
[bookmark: _Toc462730993][bookmark: _Toc488570830][bookmark: _Toc412485130][bookmark: _Toc453927566]Steps in network design
The sequence of steps to be carried out for network review and redesign include:
Institutional set-up: review of mandates, roles and aims of the organisations involved in the operation of the HIS.  Where required, communication links should be improved to ensure co-ordination/integration of data collection networks. 
Identification of data needs:  collection of data should be done with intention to address a water resource issue and for use by water managers and interested stakeholders. Thus, parties to be using the data will need to be consulted as to data type needed as well as spatial and temporal consideration of the collection.
Objectives of the network: based on the outcome of the data need assessment from multiple parties, prepare a set of objectives in terms of required network output.  The consequences of not meeting the target are to be indicated. 
Prioritisation: a priority ranking among the set of objectives is to be made in case of budget constraints. 
Network density: based on the objectives, the required network density is determined using an effectiveness measure, taking in view the spatial (and temporal) correlation structure of the variable(s). 
Review of existing network: reviewed are the existing network density versus the required one as worked out in the previous step, the spreading of the stations in conjunction with the hydrometric and groundwater network, the available equipment and its adequacy for collecting the required information, and the adequacy of operational procedures and possible improvements.  Deficiencies should be identified and reported.  
Site and equipment selection: if the existing network is inadequate to meet the information demands, additional sites as well as the appropriate equipment have to be selected.  
Cost estimation: costs involved in developing, operating and maintaining the existing and new sites as well as the data centres have to be estimated. 
Cost-effectiveness analysis: cost and effectiveness are compared.  The last four steps have to be repeated in full or in part if the budget is insufficient to cover the anticipated costs. 
Implementation: once the network design is approved, the network is to be implemented in a planned manner, where execution of civil works, equipment procurement and installation and staff recruitment and training is properly tuned to each other. 
The network should be reviewed every 3 years or lessto determine if all objectives continue to be met.  The above listed procedure should then be executed again.  Appendix A is a useful Hydrologic Monitoring System Assessment questionnaire developed by Innovative Hydrology, LLC guiding the design of the HIS.
[bookmark: _Toc412485131][bookmark: _Toc453927567]Site Selection criteria
When considering site selection, the site purpose, existing infrastructure, access, and other sensor networks need to be considered.  Once the general location has been determined, the actual site for placement of the instrumentation must be selected.  A combination of remote sensing/GIS can be used to evaluate potential location followed by a field visit to confirm the location.  Baseline criteria to evaluate the sensor locations include:
· Physical consideration (exposure, aspect, slope, elevation, river morphology)
· Site footprint
· Existing infrastructure/monitoring stations
· Vegetation
· Physical Access
· Telemetry window (for telemetry systems)
· Power source.  If solar is to be used, does the site have a sufficient solar window.
· Security
· Land ownership
· Aesthetics
[bookmark: _Toc412485132][bookmark: _Toc453927568]Instrumentation Selection criteria
Once the network is defined, selection of instrumentation for each site is required.  Common components for a recording gauge include the sensor, data logger, power source, cabling (between sensor and data logger), and infrastructure for mounting the system.  For telemetered systems, additional equipment at a site will include an antennae and a data logger.Though each type of equipment will have properties to consider when selecting instruments, common criteria for selecting instrumentation include:
· Sensor accuracy over the measurement range,
· Sensor resolution
· Construction of equipment (components are good quality and resistant to moisture, dust, and other environmental factors),
· Reliability,
· Ease of installation and use,
· Cost including warrantees and maintenance agreements,
· Energy consumption, 
· Compatibility amongst components, 
· Maintenance,
· Standardization(using like technology as much as possible to reduce complexity for field personnel and the cost of maintaining backup equipment), and
· Product support (training, technical inquiries, repairs).  


[bookmark: _Toc453927569]Automatic Precipitation Measurement
[bookmark: _Toc453927570]Introduction
Automatic rain gages(ARG) measure and record precipitation. ARGs can be classified into four types:  tipping bucket, storage (weight), optical, and acoustic.  For relevance to India, only tipping buckets and storage gage types are discussed herein.  
Apart from measurement of precipitation, the measurement of snow depth and Snow Water Equivalent (SWE) are important for snow bound areas like Himachal Pradesh and Uttrakhand. 
[bookmark: _Toc453927571]Network Density
The objective of the rainfall network should be to give reliable estimates of areal rainfall for areas commensurate with the hydrometric network.  The latter condition stems from the need of integration of the networks.  The stream gauge density in the plains is approximately one gauge per 2,000 km2 and one per 1,000 km2 in the hilly areas.  Upstream of every stream gaging station sufficient rain gauges should be available to estimate the areal rainfall with a specified accuracy.   With respect to areal rainfall the interest is in:
· Individual areal estimates, and/or 
· Long-term mean values.
Due to the presence of spatial correlation among the point rainfall stations and (near) absence of serial correlation, (see sketch below) these objectives will lead to different networks and duration of operation.   If spatial correlation would be absent then each point of rainfall data in time or in space would equally contribute to the improvement of the long term mean areal rainfall estimate, provided the rainfall field is homogeneous.  However, correlation reduces the effective number of data, since information in one is to some extent already included in others.  Hence, due to the spatial correlation data points in time are more effective then data points in space to improve the long term areal mean.  Or in other words: a less dense network operated for a longer period of time is more cost-effective than a denser network providing the same number of point rainfall data points.  A reduction in the density of the network, however, adversely affects the quality of the individual areal estimates possibly to an unacceptable level.  The latter is better served with a higher density, though this in turn may be sub-optimal for estimating the long-term mean but is certainly not harmful. 
For most hydrological purposes the objective of the rainfall network should be to provide reliable estimates of individual events of areal rainfall of a particular duration, e.g. an hour, day, month, or season.  It implies that the uncertainty in each element of the areal rainfall series, estimated from point rainfall data, should not exceed a certain value.  This is particularly so for the network in use for the Hydrological Information System, where various users have to be served with different objectives.  A measure for the quality of the areal rainfall data is the mean square error of the estimate.  Hence, the root mean square error in estimating the areal rainfall of a particular duration, expressed as a percentage of the average rainfall in an area is an appropriate measure for the effectiveness of the network.  
Based on world-wide experiences, 3WMO (1994) has presented a general guide for the required density of precipitation stations.  An absolute minimum density for different physiographic units is given in Table 1In their documentation no mentioning is made about the criteria applied in the preparation of Table 1 According to Table at least 10% of the network stations should be equipped with a recording rain gauge.
WMO’s minimum requirement will lead to reasonably (<10% error) accurate areal rainfall estimates for intervals of a month and larger if the rainfall variability is considered representative for the rest of the basin.  As general guide, the density requirements presented in Table 1 can be considered as adequate.  

[bookmark: _Toc420068137]Table 2.1Minimum density of precipitation stations (WMO, 1994)
	Region
	Minimum density in km2/gauge

	
	Non-recording (SRG)
	Recording (ARG)

	Hilly region
	250
	2,500

	Semi-hilly region
	500
	5,000

	Plains, high rainfall region
	500

	5,000


	Plains, low rainfall region
	900

	9,000


	Arid region
	10,000
	100,000



[bookmark: _Toc453927572]Measurement Frequency
The measurement frequency of rainfall data depends on many factors including the purpose of the data, the spatial and temporal variation in rainfall in the region, and the type of measurement instrument available. In general, for long term planning, a daily rainfall data was a popular choice till automatic measuring an transmission options became available. IMD had been measuring daily data in its manual rain gauges site, whereas, the automatic rain gauge sites, the frequency has been hourly.
The frequency with which precipitation measurements are taken depends upon several factors:
1. The function which the data will serve. Most measurements are made to serve multiple functions. The measurement frequency must meet the requirements of the most critical function for that station and variable.
2. The target accuracy of derived data.Few such targets are set either in India or elsewhere, but it must be recognized that a policy of ‘as good as possible’ may lead on occasions to unnecessary expenditure on improving accuracy beyond what is needed for the purpose. There must at least be a notional lower limit to the required accuracy. The frequency of measurement as well as the accuracy of observation will have an impact on the accuracy of the determination of the derived quantity, like evapotranspiration estimated by Penman Method.
3. The accuracy of observation.Where observation is subject to random measurement error, a larger number of observations are needed to meet a required target where the measurement error is large. 
4. The time variability of the variable. Clearly fewer measurements are needed to determine the relevant characteristics of a variable over given time, if the variable is uniform or changing very slowly than for a rapidly fluctuating variable. 
5. The time periodicity of the variable.Many climatic variables show a regular diurnal variation. This is natural, such as temperature, pressure, evapotranspiration arising from the periodicity of the solar input. The frequency of measurements must be sufficient to define the mean over both the highs and lows of these periodicities.
6. The marginal cost of improved definition. Marginal costs tend to be higher where observations are manual than when they are automatically or digitally recorded
7. The benefits of standardization.It is simpler to process and analyze records which are arriving at the Data Processing Centre, all in the same format and with the same frequency of observation. This is true both for manual data and for digital data, where batch processing of records by computer is simplified. It may be preferable for digital observations to standardize on a time interval close to the minimum requirement, than to adjust the frequency at each station to its functions, accuracies and time variability of the variable, many of which are imprecisely known.

In certain application like flood forecasting, reservoir and barrages operations, a data measurement frequency of 15 minutes interval may also be desired. The instruments and telemetry options described in following sections should be configured to meet the specific requirements.
The selection of measurement frequency may also be variable over the year, with short intervals for monsoon season whereas longer intervals for no monsoon seasons. This will help in optimizing the cost of transmission vs. the accuracy of data required for different seasons.


[bookmark: _Toc453927573]Instrumentation
[bookmark: _Toc453927574]Rainfall Measurement
Tipping buckets are comprised of two buckets of known volume that alternate in filling (Figure 1.xxx).  Once one is filled, the system tips to empty the bucket and the tipping action is recorded.  
[image: Description: Description: http://1.bp.blogspot.com/-XX8Kd8HO9cA/TeChascg2mI/AAAAAAAAAVU/cVBHaxmyoHk/s200/tip-bucket.gif]
[bookmark: _Toc420068099]Figure 2.1. Tipping Mechanism in Tipping Bucket Rain gauge

Tipping bucket rain gauges come with different orifice sizes and different bucket volumes.   A larger catch orifice is desired to improve catch efficiency with smaller bucket chosen to resolve precipitation in smaller increments.  Tipping bucket rain gauges typically measure precipitation in .2, .5, or 1 mm increments (Figure 2.2).  The selection of bucket size depends on peak rainfall intensity of the area. A bucket typically needs 3 seconds to tip, therefore, a bucket size of 0.2 mm can measure maximum of 20 tips in a minute (4 mm). In high intensity rainfall areas where maximum intensity can exceed 4 mm/h, a bucket size larger than 0.2 mm would be preferred. On the other hand, the areas where rainfall intensity is lower and storm events results in precipitation below 1 mm, a 1 mm bucket would not tip, resulting in under estimation of rainfall. 
 (
0.2 mm bucket rain gauge installed in 
Odisha
0.5 mm bucket rain gauge installed in Gujarat
1.0 mm bucket rain gauge installed in Maharashtra, near Western Ghats
)
[bookmark: _Toc420068100]Figure 2.2 Tipping bucket rain gauges with 0.2, 0.5 and 1.0 mm bucket sizes
Most stations in a real-time network run on battery power with solar charging due to the fact that stations are often located in areas of hydrologic significance, which are often located in the headwaters of the basin.    
Not all tipping bucket rain gauges are created equally. Better gauges employ highly corrosion resistant powder coated metal or stainless steel.  Tipping buckets themselves may have greater resistance to movement causing irregularities during the tipping moment. Some tipping bucket rain gauges come equipped with rainfall intensity correction factors which take into account the underestimation of precipitation during light events and overestimationof precipitation during heavy precipitation events. Tipping buckets have the advantage of being less expensive and requiring less maintenance.  Tipping buckets require the orifice and receptacle to be clear of debris and need annual calibration.  Disadvantages include measurement error associated with intense rainfalls and of the inability to measure frozen precipitation in the form of snow, sleet, or hail.


[bookmark: _Toc453927575]Rain and Snow Measurement
Rain and snow gauge measures snow and rainfall depth in a storage type catch-can. It accumulates the precipitation and comes with a typical capacity of 1000 mm of precipitation, after which it must be emptied manually. Storage gaugescollect precipitation in a catch-can that is weighed with a pressure transducer, such as a load cell or strain gauge. These instruments do not suffer from the limitation of the tipping bucket and therefore are better suited to measure intense rainfall as well as snow, sleet, and hail.  These precipitation gauges require the addition of antifreeze to the catch-can to help keep precipitation in the fluid form during freezing conditions.  The antifreeze, commonly a propylene glycol mixture with alcohol, is added reduces the total capacity of catch by 25% or more, depending on the ambient temperatures expected. 
Storage gages are available with overflow devices and overflow rely on both volume and weight to determine precipitation.  Due to fluid expansion and contraction in the catch-can, false indications of precipitation are prevalent when the fluid is expanding due to ambient temperature and thus these types of gauges should be used with caution. The disadvantages of storage gages over tipping buckets are the increased cost and maintenance.
Snow bridging can also cause errors in measuring frozen precipitation.  Snow bridging occurs when snow sticks to the side of the gages inner surfaces and span across the orifice preventing new snow to reach the sensor.  During warmer weather, the bridge will collapse and the snow will fall into the catch-can thus providing an incorrect reading on the timing of snowfall.  To minimize this effect, gages have been developed that measure the entire catch-can.  Also, storage gages with larger orifices should be chosen for locations with frozen precipitation. Figures 1.xxx, 1.xxx and 1.xxx show popular rain and snow gauges available/being used.

[bookmark: _Toc420068101]Figure 2.3. The NOAH series precipitation gauge with 1500 mm capacity
TheNOAHseriesprecipitationgaugeswereoneofthefirstimplementation of a load cell/strain gauge sensor.  The gauge was initially developed in the 1980’s and has undergonecontinuousimprovementover the last 30 years.

[bookmark: _Toc420068102]Figure 2.4 The T200-B precipitation gauge manufactured by Geonor in Norway.
[image: ]
[bookmark: _Toc420068103]Figure 2.5. OTT Pluvio 2,  manufactured by OTT in Germany

[bookmark: _Toc453927576]Snow Depth Measurement
Ultrasonic snow depth sensors measure the height of the snowpack by sending an ultrasonic pulse downward and recording return period after bouncing off the snow surface.  The timing is affected by temperature so a temperature gauge is required as well.  This sensor measures the snow depth rather than the volume of precipitation that has fallen.  To get the precipitation volume, the snowpack height needs to be converted to snow-water-equivalent (SWE) by multiplying by snowpack density.  The sensor provides insight into the snowmelt rate and when combined with a snow pillow or snow precipitation storage to get the SWE, can be used to better characterize timing of runoff.



[bookmark: _Toc453927577]Snow Water Equivalent Measurement
Snow pillows measures the water equivalent of the snow pack based on hydrostatic pressure created by overlying snow (Figure 2.6).  Commonly associated with a snow pillow are precipitation and temperature gauges. Note the accompanying temperature sensor and storage gauge at the site as well.


 (
Snow Pillow
) (
Rain and Snow Gauge
) (
Temperature
 Sensor
) (
Snow Depth Sensor
)[image: ]
[bookmark: _Toc420068104]Figure 2.6Snow pillow during installation at Chumar



[bookmark: _Toc453927578]Site Selection and Installation
Rain Gauge Sites:The main purpose of establishing a rainfall station is to obtain representative samples of the rainfall over a basin.  Particularly wind affects the rainfall measurements, while further losses due to evaporation and splashing play a role.  To eliminate or reduce wind effects the site should be chosen such that the wind speed at the level of the rain gauge is as low as possible, but in such a way that the surrounding does not affect the rain catch.
Ideally, the protection against the force of wind should come from all directions by objects of uniform height. Trees, shrub, etc. of nearly uniform height are ideal to protect the gaging site from wind, provided that the angle from the top of the gauge to the top of the encircling objects and the horizontal is between 30o and 45o.  This implies, that if the height of the surrounding objects above the gauge orifice is H then the distance L between the surrounding objects and the gauge should be within the limits:  H  L  2H. 
Windbreaks of a single row of trees or a building (currently present or to be constructed) should be avoided as they tend to increase the turbulence (WMO, 1994).  Similarly, uneven protections create a disturbed wind field over the gauge orifice.  If single obstacles affect the wind field around the gauge, the distance between obstacle and gauge should be:  L  4H.  Slopes also affect the wind field.  Sites on a slope or with the ground sloping sharply away in one direction (particularly in the direction of the wind) are to be avoided.
The gauge should be on level ground above flood level and free from water logging.  Further, the site should have the same ground cover as the natural cover obtained in the surroundings. Surroundings covered with short grass are ideal. A hard ground such as concrete gives rise to excessive splashing and should be avoided. The plot required for an ARG station is 10 m x 5 m.
Snow Pillow Sites: Per NRCS (2011) guidelines, a 60 m area is recommended to locate the snow pillow and accompanying equipment and to provide an adequate window for solar recharge and telemetry communication.  Factors to consider in site evaluation include physical site characteristics (e.g., slope, aspect, exposure, vegetative cover, geographical area representation, access, and footprint), communication characteristics (e.g., telemetry and solar window), security, aesthetics, and access for manual collection of data during snow surveys.  In particular, vegetation, physiographic characteristics, and snowfall patterns should be representative of the area.   Slope at the site should not exceed 10o and care should be taken that the site is not located in avalanche prone areas.  Aspect is important as north facing slopes generally retain snow longer thus provide longer periods of persistence in snow.  Exposure to wind should be minimized to limit the effects of drifting snow accumulation thus over measuring the precipitation.  Year round access is recommended for maintenance. 
Several factors are to be taken into consideration while making a proper choice for the site of theobservation station to ensure long-term reliable data:
· Spatial distribution:  approximate positioning of the station on the map to obtain maximum reduction of estimation errors, in relation with the variable of concern and observation interval to be used.  
· Integration:sites should be selected in context with existing or planned hydrometric and/or groundwater networks. If other hydro-meteorological stations are operated by agencies other than the HIS implementing agency, and if their stations fit into the HIS network and their equipment and operational performance meet the HIS standards, then discussions should be initiated with those agencies to get access to their data on a regular basis.  
· Technical aspects: variables to be measured, where and with what accuracy and frequency, integration with surface water and/or groundwater quantity and quality networks
· Environmental aspects:availability of suitable levelled ground, exposure conditions, future expansion near the site, no water logging, 
· Logistical aspects:  accessibility, communication, staffing,
· Security aspects:  security of instruments, location in relation toresidential areas and play grounds,
· legal aspects: land acquisition,right of passage, and
· Financial aspects: including costs of land acquisitioncivil worksequipmentdata processing, staffing and training.


[bookmark: _Toc420067708][bookmark: _Toc453927579]Automatic Weather Station
[bookmark: _Toc453927580]Introduction
Climate drives the hydrologic cycle as it provides the primary input in the form of precipitation.  Rainfall stations are the basis for assessing the precipitation in times of abundance and deficiency.  In addition to precipitation, full climatic stations (FCS: manual data collection) and automatic weather stations (AWS:  automatic data collection) provide the foundation for collection of climatic parameters used to compute evapotranspiration estimates.  For regions experiencing significant snowfall, snow pillows and snow surveys are also required.  IMD collects rainfall and climate data for national estimates, but state networks with greater sensor density are required for determining the climatic conditions in their basins.  
[bookmark: _Toc420067958][bookmark: _Toc453927581]Network Density
Evaporation data (Obtained from AWS) are mainly used for water balance computations, assessment of water availability, for computation of reservoir evaporation and water use in irrigation systems.  It typically refers to data of a larger time interval like day, decade and month.  Only for research there is need for detailed temporal evaporation data, generally concentrated on representative basins or command areas.  Interest in evaporation data may concern:
· Potential evaporation or potential evapotranspiration, and/or
· Actual evaporation or actual evapotranspiration.
The data processed and stored in the HIS refer only to potential evapotranspiration, either as a directly measured quantity or indirectly by measuring radiation or sunshine duration, temperature, humidity and wind speed and direction.  The major use of potential evapotranspiration data is generally for water resources planning, agricultural and irrigation management, and research. 

The temporal and spatial characteristics of potential evapotranspiration deviate remarkably from those of rainfall.  Apart from the diurnal variation, the temporal variation of potential evapotranspiration is much smaller than that of rainfall and varies little from year to year.  Hence the variation coefficients of monthly potential evapotranspiration are small.  The spatial correlation structure extends over a much larger area then for rainfall.  As a result of these characteristics there is little interest in short duration evaporation data from a large number of stations. Apart from that, evaporation information might be needed only for specific areas like reservoirs and agricultural fields.
For most hydrological purposes the objective of the evaporation network is to provide reliable estimates of individual events of: 
· Point evapotranspiration for durations typically of a day to week (reservoirs, small plots), and
· Areal evapotranspiration for areas commensurate with the hydrometric network and for durations of a decade, month or longer.
In the first case, a proper measure of effectiveness is the interpolation error and in the second case the estimation error in the areal potential evapotranspiration.  The accuracy, with which potential evaporation has to be known, is of the same order as that of rainfall and discharge; an error of 10% is generally acceptable.   
The minimum evaporation network requirement recommended by WMO (1994) is one observatory per 50,000 km2.  In view of the larger variability of the weather systems in the tropical regions, IMD recommends a density of one station per 5,000 km2.
[bookmark: _Toc420067960][bookmark: _Toc453927582]Measurement Frequency
Climate measurements are made for estimation of evapotranspiration, used for water resources planning, agricultural and irrigation management, and research.  For planning and management use, a minimum interval of daily evaporation estimated is required.  Hence, the sampling interval of the climate variables should be chosen such that reliable daily averages can be determined (Table 5).   For analysis for probable maximum precipitation (PMP) / probable maximum flood (PMF) investigations, an hourly frequency or greater of dry and wet bulb thermometers is required to obtain useful information on relative humidity and dew point for storm prediction.  
[bookmark: _Toc420068138]Table 3.1Observation frequency of climate variables for computing evapotranspiration for planning.
	Climate variable
	Recorder
	Type of sampling
	Sampling interval

	Rainfall
	ARG
	Cumulative
	1 hour

	Evaporation
	Evaporation pan
	Cumulative
	1 day (9 to 15 hrs)

	Humidity
	Dry, wet bulb thermometers
	Instantaneous
	9 to 15 hours

	
	Hygrograph
	Continuous by chart
	1 hour

	Radiation
	Sun-shine recorder
	Cumulative
	1 day

	Snow
	Snow pillow
	Cumulative
	1 day

	Temperature
	Min, max thermometers 
	Instantaneous
	1 day

	
	Thermograph
	Continuous by chart
	1 hour

	Wind
	Anemometer
	Cumulative
	9 to 15 hours

	
	Wind-vane
	Instantaneous
	9 to 15 hours




[bookmark: _Toc453927583]Instrumentation
[bookmark: _Toc453927584]Temperature
[bookmark: _Toc453927585]Humidity
[bookmark: _Toc453927586]Wind Velocity and Direction
[bookmark: _Toc453927587]Atmospheric Pressure
[bookmark: _Toc453927588]Solar Radiation


[bookmark: _Toc453927589]Site Selection and Installation
Since an AWS includes rain gauges, the environmental conditions discussed above for rainfall stations apply here as well.  The sunshine recorder should, at no instant, be blocked from solar radiation.  Very essential in the case of an AWS is that the area on which the station is to be built is representative for a surrounding area of about 5,000 km2.  Sites where abrupt climatic differences are noticed due to swamps, mountains, river gorges and lakes should be avoided, unless the data should be representative for such an area.  Some general indications of climatic changes are indicated below (Doorenbos, 1976).
· Vegetation:  transition from dry to irrigated areas results in lower temperature, higher humidity and decreased evaporation; very distinct in dry windy climates (advection)
· Topography:  elevation differences not only largely affects precipitation (>800 m) but also minimum temperature, wind speed and wind direction
· Rivers:  relatively small effect, possibly confined to some 100 m, except for large rivers and river deltas
· Lakes:  depends on the size of the lake, but rapid changes are generally confined to 1 to 2km
· Sea:  will vary greatly, but rapid changes occur normally over the first 2km, with gradual changes for the next 10 to 15km. It affects mostly wind, humidity and temperature 
· Altitude: Depends strongly on local climatic conditions but normally with increasing altitude temperature and evaporation decrease, while rainfall and wind tend to increase
· Mountains:  downwind effects up to distances 50 times their height; the affected upwind area is much smaller.
For agricultural purposes the station should be within a cultivated area with a crop cover as large as possible upwind. There should be no road in close proximity.  Depressions should be avoided as the temperature in depressions is frequently higher during the day and cooler in the night. 
AWSs require a level plot of land of the size 18 m x 15 m, preferably with green grass cover.  To get a proper assessment of the potential evapotranspiration the site should be in the center of an open space of at least 50 m x 50 m, which is covered by grass or a short crop. If needed and feasible, the grass cover of the station should be irrigated and clipped frequently to fulfill the environmental conditions of the definition of potential evapotranspiration.    


[bookmark: _Toc453927590]Water Level Monitoring
[bookmark: _Toc453927591]Introduction
Water level (stage) is the elevation of water surface above an established datum.  Stage is used to characterize the state of a water body for management purposes like the filling of reservoirs, navigation depths, flood inundation, etc.  Records of water level are also used in conjunction with stage-discharge relations to compute river flow (discharge).  The reliability of the flow record depends on the reliability of the water level record, and of the stage-discharge relation.  There are several common methods to measure water level, each with advantages and disadvantages of measurement, cost, operation, and maintenance.
A hydrometric network is a system of river gauging stations in a river basin at which river stage and discharge are measured.  The network provides hydrologic data needed for the planning, design management,conservation and utilization of the waters and other natural resources of the river system.  In flood prone areas the network may also provide data for design and management of flood protection measures.  The data should enable accurate estimation of the relevant characteristics of the hydrological regime of the river basin.  The network requirement is greatly influenced by a number of factors including:
· monitoring objectives, determined by the data needs of the hydrological data users,
· temporal and spatial variability of the river flow, determined by:
· climatic features like precipitation pattern in the catchment, evapotranspiration, 
· physiographic features of the river basin, like size, slope, shape, soils, land use and drainage characteristics, and
· the availability of financial, manpower and other resources.

The identification of the monitoring objectives is the first step in the design and optimization of the monitoring systems. Related to this is the identification of the potential data users and their future needs. The second variable to be considered in the design of the hydrometric network is the dynamics of the river flow and stages in time and space. 
To enable an optimal design of the monitoring system a measure is required, which quantifies the effectiveness level.  This measure depends on the monitoring objectives and can be related to an admissible error in e.g. the mean flow during a certain period, monthly flow values for water balances, extreme flows and/or river stages, etc. This error is a function of the sampling locations, sampling frequency and sampling accuracy, i.e. where, when and with what are river/reservoir stages and flows to be measured. 
It is stressed that the hydrometric network should never be considered in isolation. The network is part of an integrated system of networks of the HIS including also hydro-meteorology, geo-hydrology and water quality. The totality of the networks should provide the data required by the hydrological data users. 

[bookmark: _Toc453927592]Network Density
A minimum network should include at least one primary streamflow station in each climatological and physiographic area in a State. A river or stream, which flows through more than one State, should be gauged at the State boundary. At least one primary gauging station should also be established in those basins with potential for future development.  In addition, where a project is of particular socio-economic importance to a State or Region it is essential that a gauging station is established for planning, design and possibly operational purposes. Sometimes special stations are required to fulfil a legal requirement e.g. the quantification of compensation releases or abstraction controls.  Benefit-cost ratios for special stations are usually the highest and can help support the remainder of the hydrometric network.
[bookmark: _Toc32122650][bookmark: _Toc453927593]NETWORKS FOR LARGE RIVER BASINS
A primary station might be planned at a point on the main river where the mean discharge attains its maximum value. For rivers flowing across the plains, this site is usually in the downstream part of the river, immediately upstream of the point where the river normally divides itself into branches before joining the sea or a lake or crosses a State boundary. In the case of mountainous rivers, it is the point where water leaves the mountainous reach and enters the plain land. Subsequent stations are established at sites where significant changes in the volume of flow are noticed, below the confluence of a major tributary or at the outflow point of a lake etc. 
If a suitable location is not available below a confluence, the sites can be located above the confluence, preferably on the tributary. While establishing sites downstream of a confluence, care should be taken to ensure that no other small stream joins the main river so as to avoid erroneous assessment of the contribution of the tributary to the main river. In the case of a large river originating in mountains, though the major contribution is from upper regions of the basin, several stations may have to be located in the downstream stretch of the river. Such stations are intended to provide an inventory of water loss from the channel by way of evaporation, infiltration, and by way of utilization for irrigation, power generation, industrial and other domestic needs.
The distance between two stations on the same river may vary from thirty to several hundred kilometers, depending on the volume of flow. The drainage areas computed from origin up to consecutive observation sites on a large river should preferably differ by more than 10% so that the difference in quantities of flow is significant. The uncertainties in discharge values particularly for high flows are unlikely to be less than +/- 10%. However, every reasonable attempt should be made to minimize these uncertainties.
The above uncertainties may affect the location of stations. When tributary inflow is to be known it is generally better to gauge it directly, rather than deriving the flow from the difference of a downstream and an upstream station along the main stream. Also, a more accurate discharge record for the main stream is obtained from monitoring the feeder rivers than by a main stream station alone, however, at the expense of additional cost. 
[bookmark: _Toc32122651][bookmark: _Toc453927594]NETWORKS FOR SMALL RIVER BASINS
The approach is different for setting up a network of small independent rivers, which flow directly into the sea, as in the case of west flowing rivers of Kerala and Maharashtra and some east flowing rivers of Tamil Nadu. In such cases, the first hydrological observation station might be established on a stream that is typical of the region and then further stations could be added to the network so as to widely cover the area. Streams in a particular area having meager or lower yields should not be avoided for inclusion in the network. Absence of a station on a low flow stream may lead to wrong conclusions on the water potential of the area as a whole, evaluated on the basis of the flow in the high flow streams. Thus, great care is to be exercised in designing the network to ensure that all distinct hydrologic areas are adequately covered. It is not possible to operate and maintain gaging stations on all the smaller watercourses in the Western Ghats, for example, therefore, representative basins have to be selected and the data from those are used to develop techniques for estimating flows for similar un-gauged sites.
[bookmark: _Toc32122652][bookmark: _Toc453927595]NETWORKS FOR DELTAS AND COASTAL FLOODPLAINS
Deltaic areas such as the Lower Mahanadi in Odisha, where gradients are usually low and channels bifurcate, are often important, as water use is productive and thus these areas need monitoring. This is particularly important in dynamic systems that are continually changing (e.g. deltas). However, the type of network required may differ from more conventional river basins. It is often not possible due to the low gradients to locate stations with stable stage-discharge relationships, i.e. variable backwater effects can occur due to tidal influences and/or changes in aquatic vegetation growth. Stage readings should be made at all principal off-takes/bifurcations or nodes in the system. These should be supplemented by current meter gage readings when required. At sites having variable backwater conditions consideration might be given to installing a slope-area method station or an acoustic Doppler velocity meter.
[bookmark: _Toc32122653][bookmark: _Toc453927596]REPRESENTATIVE BASINS
When gauging stations are included in a network to obtain representative data from a particular physiographic zone, it is better if the chosen basins are those with the water resource relatively underutilized, i.e. the basins can be considered to be close to their natural state. The selection of representative gauging stations in basins which are heavily utilized by dams and water abstraction and/or where significant land use changes have and are continuing to take place should be avoided.
[bookmark: _Toc32122658][bookmark: _Toc410363677][bookmark: _Toc453927597]WMO RECOMMENDATIONS
The recommendations of the WMO (World Meteorological Organization) on the minimum density of a streamflow network for regions with different physiographic features are reproduced in Table 3.1.The WMO recommendations are very general guidelines, which if adopted at face value for some of India’s larger river basins, could result in an excessively dense network. Even though the WMO type guidelines might be used as rough rule of thumb as part of an initial network appraisal, their use in the final design of the network should be avoided. The network density must ultimately be based on the network objectives, the temporal and spatial variability of river stages and flow and on the availability of finance, manpower and other resources.
[bookmark: _Toc420068139]Table 4.1Minimum density of hydrological network, according to WMO area in km2 for one station.
	Type of region
	Range of norms for minimum network
	Range of provisional norms tolerated in difficult conditions

	Flat regions
	1,000 - 2,000
	3,000  - 10,000

	Mountainous regions
	300 - 1,000
	1,000 - 5,000

	Arid zones
	5,000 - 20,000
	------------------



[bookmark: _Toc453927598]Measurement Frequency
For full reproduction of the stage variation a sampling interval slightly less than the 4Nyquist interval should be applied.  This not only applies when interest is in peak flows, but when rates of rise and of fall of the hydrograph have to be reproduced to accurately determine the discharge of flashy floods in flat rivers. To estimate the mean flow over a certain period of time a larger interval will suffice. Below, the sampling frequencies suggested for various types of rivers and measurement techniques are presented. The frequencies given are indicative, based on past experience.  It is, however, necessary to verify the validity of these frequencies in view of the objectives.
In larger flatter rivers of Peninsular India a general frequency of hourly readings of stage is usually acceptable.  For a few small upland catchments used for special purposes or research, 15 or 30 minute observations may be used to define the rainfall-runoff response.  For the design of minor irrigation schemes and bridge and culvert design on small catchments, 15 minute observations may also prove useful.  
For digital recorders the standard practice should be for a maximum time interval between readings of one hour (Table 4.2). On large natural lowland rivers, such an interval may be unnecessarily small, but few such rivers in India are natural. Levels may change comparatively quickly as a result of river regulation and abstraction a short distance upstream. Information on such changes is often helpful in scheme operation and in analysis for example of times of travel. For small catchments, particularly those in mountainous, high intensity rainfall areas a frequency of 15 minutes may be required. 
[bookmark: _Toc420068140]Table 4.2Recommended observation frequency for stage measurements.
	Observation by
	Frequency
	Remarks

	DWLR/AWLR
	15 min/hourly
	Dependent on size of catchment and purpose for which data is being collected

	Staff gauge only
	Hourly
	Monsoon

	
	2 or 3 per day
	Lean season

	Staff gauge with AWLR or DWLR
	2 or 3 per day
	

	Stilling well inside reference level
	Daily
	


For chart recorders, the record is of course continuous and information may be extracted at the interval required. The ease of extraction will depend on the scale and size of the chart. However, it is recommended that whenever possible a frequency of at least one hour is applied. For manned stations with staff gauges only, hourly readings through a full 24 hr day will apply during the monsoon, with the season defined according to the local climate. During the lean season, with the record already intermittent, hourly readings seem unjustified.  Two or three readings per day will be sufficient, with the provision, that in the event of unseasonal rainfall and river rise, the observations are intensified and extended over the full 24 hours. In some circumstances one reading a day might suffice.
For stations where the staff gauge is supplementary to the DWLR or AWLR, the staff gauge should be read 3 times daily when automatic recorders are working properly (during calibration or testing phase).
[bookmark: _Toc453927599]Instrumentation
Various instruments available for Automatic Water Level Measurement are:
· Shaft encoder– involves a float connected with an autographic recorder that tracks water levels. The instrument is usually installed with a tape and pulley in a stilling well.  
· Ultrasonic/Radar – these sensors measures the distance of the water surface by sending pulsed ultrasound or radar waves at the object and then measuring the time for the sound echo to return. Knowing the speed of sound or light, the sensors can determine the distance to the water surface.  
· Gas bubbler – a tube is submerged in the water column and a gas is forces through it and the pressure measured.  The difference between the reading and atmospheric pressure is converted to the depth of water using a simple equation.  
· Submersible pressure transducer – similar to the gas bubbler, the pressure transducer measures the hydrostatic pressure under water.  The difference between the reading and atmospheric pressure is converted to the depth of water.  
The following sections describe the sensors in detail.


[bookmark: _Toc453927600]Shaft Encoder
Thesimplestmethodofmeasuringwaterlevelisastillingwellequippedwitha floatandshaftencoder.   Thecomponentsofthistypeofgaugeincludeastillingwell, inletpipesfromthewater,float,tape,wheel,andshaftencoderwhichelectronically sendssignalstothedatacollectionplatform. Arepresentation of shaft encoder installation in a stilling well is shown in Figure 4.1
 (
Float
) (
Water Inlet
)
[bookmark: _Toc420068105]Figure 4.1Typical Stilling Well Gauge Equipped with Float, and Shaft Encoder

A shaft encoder is an electro-mechanical device used to convert the angular position of a shaft or axle to an analog or digital electrical signal. These devices are used in many applications including liquid level measurement. Part of the mechanical aspect of this device for level measurement utilizes a float and counter-weight attached to a line or tape placed around a pulley attached to the encoder’s shaft.
As the level changes, the float moves up and down and, thereby, rotating the pulley and the attached shaft – generating an electronic wave form for both rotating direction and amount. By converting shaft rotation into electronic signals, encoders are used to electronically monitor the position of a rotating shaft. 
The two main types of encoders for liquid level measurements are absolute and incremental. Absolute encoders constantly retain the correct position for one revolution whereas incremental measurements rely on a referenced position pointer. 
Thecivilworksforthistype ofstationisamongthemostexpensive,whilethesensorand associated equipment is among theleast expensive sensor solutions. The stilling well requiresoccasionalflushingtoremovesedimentsthatmayhavecollectedatthebottom of thestillingwell.   If leftunchecked, thesedimentscouldeventuallyblockthe inlet/outletpipes.This sensorneverneedstobecalibrated,butonlycheckedandresetto an outside staff gauge. 
A staffgaugethatcoverstheentirerangeofwaterlevelsis necessaryto checkthemeasurementsoftheshaft-encoder. Thestaffgaugeisbasicallya rulerthatisplacedpermanentlyalongtheshore,oronsomeotherstructure. Thestaff gauge is used to compare to the reading of the shaft encoder, allowing the operator to correcttheshaftencodertothestaffgauge.Avisualcomparisonbetween thestaffgauge readingandthedatacollectedbythedatacollectionplatformismadeduringeveryvisit tothegaugestation,and recordedinalogbookwhichshouldbeplacedateverygauging house.
Advantages of Float-operated sensors for water level measurements:
· Float-operated systems are easy to understand and troubleshoot.
· Most encoders offer good temperature stability.
· The float is protected in a stilling well and the sensor is not in direct contact with the water. Therefore the risk of damage is low from debris flow or fouling.
· Highly accurate with large sized floats.
Limitations of Float-operating sensors in water level measurement:
· Requires a stilling well to assure stability and reliability of the float-operating system.
· Rapid changes in water level may result in the cable / tape line becoming disengaged from the float-operating sensor’s pulley.


[bookmark: _Toc453927601]Ultrasonic Sensor
Amoremodernapproachtostagemeasurement has been introduced with ultrasonic and radar distance measurement sensors. The ultrasonic distance measuring sensors is very inexpensive with units starting less than 50,000 INR.
Thesensormeasuresthedistanceof targetobjects(watersurface)bysendingpulsed ultrasound waves at the object and then measuring the time for the sound echo to return. Knowingthespeedofsound,thesensorcandeterminethedistancetotheobject. The operatorneedstoknowtheexactelevationofthesensor,andthensubtractsthedistance to the water fromthe elevation ofthe sensor to arrive at stage. 
Theultrasonicmeasurementofwaterlevelis oneofthemostsustainableapproachesto measuring water level. It is a non-contact method of water level measurement, which means that what flows in the water and anywater pollution will not interfere or otherwise foul the sensor. The limitation of this measurement is that you need to makethis measurementdirectlyover the body of water being measured, which is not practical in reservoirsorriversthathaveshallowslopes.  Theultrasonicmeasurementisalsoa narrowrangesensor,limitedto10minmostapplications. Itismoreideallysuitedfor canal measurements. Figure 4.2 provides a conceptual rendering of an ultrasonic sensor being mounted on a boom over a canal.

[image: ]
[bookmark: _Toc420068106]Figure 4.2. Ultrasonic sensor with Boom Mount
The advantage to the sensor isobviouslytheprice,butalsothenon-contactmethodof measurement. Themeasurementisgenerally unaffectedbythetransparency,reflectivity, opacity orcolorofthetarget. Objectscan bemeasuredfrom .5cm to15metersfrom the sensor.  Disadvantagesarethatyouneedsomestructuretomountthesensor(bridge railingorboom), the accuracy can be affected by temperature variations or dust in the space between the sensor and the water surface,andthemeasurementisnotasaccurateorpreciseasothermeasurement techniques,usuallybeingwithin .1%offullscale. Thisaccuracyisgenerallysufficient on small bodies of water such as creeks and small canals.



[bookmark: _Toc453927602]Radar
In the event a larger distance needs to be measured or greater accuracy is desired, a radar sensor is available.  The technology for radar is very similar to ultrasonic sensor described in previous section, with difference being in operational frequencies. The radar works in microwave frequency band whereas ultrasonic sensor works in ultrasonic frequency band of the spectrum.
Theradarsensorimprovestheaccuracytoapproximately0.03%of fullscaleandhasamaximum rangeofup to 100meterstothetarget.Figure4.3showsan example of radar mounted to the side of a bridge. 


[bookmark: _Toc420068107]Figure 4.3.  RADAR sensor with Bridge Mount
Theadvantageofusingradaristhenon-contactnatureofthemeasurementalongwith highaccuracyandtheextendedrangeofmeasurementovertheultrasonic. The radarisalso relativelyeasytoinstall.Thedisadvantagesincludethehighcostofradar, whichcaneasilyexceed 120,000 INRalongwiththeneedforsomethingtomountthe radar to, such as a bridge structure.


[bookmark: _Toc453927603]Bubbler
Another common method of stage measurement is the bubbler system equipped with a non-submersible pressure sensor.  This is also known as a gas-purge system.  A small quantity of air or inert gas (e.g. nitrogen) is forced under pressure through a pipe or tubing to an orifice in the stream.  The pressure of the gas that displaces the liquid in the orifice is then measured by a pressure sensor and used to compute the depth of water above the orifice.Figure 4.4 below shows the schematic for installation of bubbler system.

[bookmark: _Toc420068108]Figure 4.4Schematic of a bubbler system

The main advantages to a gas purge system are that this technology does not require a stilling well and the large associated cost of installation.  Another advantage is the sensor is not in contact with the water, which means any debris in the water won’t cause damage to the most expensive part of the bubbler system, which are the pressure transducer and compressor. Furthermore, the pressure transducer and compressor are securely located in a locked gauge shelter minimizing the possibility of theft or vandalism of these expensive components. Many manufacturers now produce compressors with tanks to store the compressed air for the gradual release of air into the orifice line.  The equipment can conveniently operate with a small 12V battery that is charged by solar power.  The main disadvantage of this system is the cost of the pressure transducer and gas compressor storage system.   The desiccating system that is normally needed to keep water out of the compressor system is a recurring maintenance item.  Large capacity desiccating systems are highly desirable in warm humid climates where the air can hold a great deal of water.
There are two general types of bubbler systems, one that operates continuously and the other that operates just prior to and during measurements (non-continuous system).  The non-continuous bubble system allows water to feed back up the orifice line, which will need to be expelled and the pressure line stabilized prior to measurement.  Continuous bubble systems keep the orifice line under pressure by producing approximately one bubble per second.  If rapidly changing river conditions occur and long orifice line lengths exist, this bubble rate should be increased.   Continuous bubble systems will process a greater volume of air, thus the desiccating system will need to be replaced at a more frequent interval.  The one key advantages to the continuous bubble system is that the orifice line needs no time to stabilize, since it remains continuously under pressure, assuring a more stable measurement.  Other common features of top of the line bubbler systems is automatic and manual line purge to clear debris from gathering over the bubbler orifice.  These purge capabilities are extremely handy and should be made part of the specification for bubbler systems.
Bubbler systems work well in open channels as well as reservoirs.  With reservoir systems that have a wide range of elevations (> 20 m) the concept of a manifold system utilizing several orifice lines covering 20 meters of range each can be staggered at a single location.  For instance, in a reservoir that has 80 m of total elevation changes, one could employ a series of five orifice lines.  Orifice lines would be 0-20 m, 15-35 m, 30-50 m, 45-65 m, and 60-80 m.  The orifice line that matches the actual water elevation of the reservoir would be used. As the reservoir elevation moves into a different range, the orifice line connected to the non-submersible sensor would be changed.  Of course the operator would need to keep changing the datum for the sensor as the orifice lines are changed.



[bookmark: _Toc453927604]Pressure Transducer
Another method to measure water level is to use a submersible transducer.   Pressure sensors perform liquid level measurement by having the sensor submerged at a fixed level under the water surface. The pressure sensor measures the equivalent hydrostatic pressure of the water above the sensor diaphragm, using this to calculate the total liquid depth. This function of a pressure sensor can be compared to “weighing the water”. 
A transducer is installed in a pipe below the minimum water line. The pressure exerted on the sensor by the head of water above the sensor is converted to depth.  The main advantages of a submersible pressure transducer is that the sensor requires the simplest installation, as the sensor only needs to be run down a pipe to some level that is lower than the expected minimum water level. Figure 4.5 below shows the schematic for installation of pressure transducer.

[bookmark: _Toc420068109]Figure 4.5 Schematic for Submersible pressure transducer installation
[bookmark: _GoBack] The submersible pressure transducer is also one of the lowest cost sensors for water level measurement.  The main disadvantage is the sensor is in contact with the water and all debris in the water.  In the event of a flood the debris in the river can sweep the sensor away..Other disadvantages include susceptibility to lightning strikes, freezing, and vandalism. Lightning strikes can damage pressure transducers if the sensor is not properly protected.  There are manufacturers that warranty their sensors for the life of the sensor to lightning strikes if you employ the proper grounding techniques that they provide.In the past pressure transducers were susceptible to permanent damage if frozen and therefore not a good solution in cold weather environments. New ceramic transducers have addressed this limitation now making this type of sensor a good option for almost all situations. Another consideration related to pressure transducers is their vulnerability to theft or vandalism since the costly sensor is located in the stream within easy access to unauthorized persons. Convenience of installation and low cost of this type of sensor might still make it the best choice but security of the site should be evaluated. Submersible transducers are also commonly used in wells to measure ground water, or in lakes where the occurrence of damaging debris or toxic water is not an issue.


[bookmark: _Toc453927605]Selection of Suitable instrument for water level
Thebestsolutionisdependentonthemeasurementenvironment,sothereisn’tanyone solution that should be used in allcases of water level measurement. The logic diagram in Figure 4.6presents the general logic for the preliminary selection of water level instrumentation based on setting (river, reservoir, and canal), existing infrastructure, and height above water. Generally if a stilling well is present or to be constructed a shaft encoder or ultrasonic level sensor is the option considered.  For sites without a stilling well but with an overhanging structure such as a dam or bridge, a downward looking ultrasonic/radar is the primary option.  If no preexisting structures exist, then a bubbler or pressure transducer is considered.
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[bookmark: _Toc420068110]Figure 4.6Logic for Selection of water level measurement instrument
Selection of the appropriate instrument will depend on the station purpose, presence of existing infrastructure (e.g. stilling well or bridge), distance to the water, desired accuracy, sedimentation rate, and cost.  Table 4.3presents the various features for different water level measuring instruments.


[bookmark: _Toc420068141]Table 4.3 Comparison Table for different water level measurement instruments
	Description
	Shaft Encoder
	Bubbler
	Pressure Transducer
	Ultrasonic
	Radar

	Range
	Large
	Small
	Medium
	Medium
	Large

	Accuracy
	Good
	Good
	Good
	Good
	Good

	Tampering/Sabotage 
	High
	High
	Medium
	Medium
	Medium

	Stilling Well
	Essential
	Not Required
	Not Required
	Preferable
	Not essential

	Installation
	Simple
	Difficult
	Simple
	Simple
	Simple

	Maintenance
	High
	High
	None
	None
	None

	Sediment effect
	Medium
	Very High
	Medium
	None
	None

	Cost
	Medium
	High
	Low
	Medium
	High







[bookmark: _Toc453927606]Site Selection and Installation
Stage measurements are most commonly required in surface water hydrometryto determine the flow using relationships between stage and discharge or cross-sectional area and velocity.  Therefore, in many circumstances the selection of a stage or water level measurement site will be to a certain extent governed by the suitability of the site for flow measurement purposes. It is very important that extreme care is given to the selection of the location of stage monitoring devices since this is the basic raw data, which is required to derive discharge. Also, in some situations, flow estimates will not be required but it is necessary to measure water level only, e.g. in reservoirs orfor flood warning. 
The gauging site should be located outside high turbulence zones, close to the edge of the stream at a place where the banks are stable and preferably steep. The downstream control shall be stable and sensitive to be able to establish a stable stage-discharge relation, where significant changes in the discharge create significant changes in stage. The site shall be outside the backwater zone of confluences and structures.  The extent of the backwater reach L is approximately: 
										
[image: ]where:  	L  	= 	approximate reach of the backwater effect
	hn	= 	normal or equilibrium depth
	S 	=	slope of the river bed
Nearby benchmarks should be available for the establishment and maintenance of gauge datum. Detailed selection criteria for water level gauging sites are presented in Chapter 2 of Part I of Volume 4, 5Field Manual on Hydrometry(WEB).
Prior to the selection of a water level (stage) monitoring or stream flow-gaging site, it is imperative that the objectives of the site are fully defined.  In this regard the following factors have to be established:
1. What is the purpose of the station? For example, planning and design of major water supply scheme, pollution monitoring, flood forecasting, etc. 
2. Define the required location of the site, i.e. what are the most upstream and downstream limits; e.g. the station might have to be located between two major tributaries.
3. Does the full flow range require monitoring or are low or high flows of greater importance?
4. What level of accuracy is required?
5. What period of record is required and what frequency of measurement is desirable?
6. Who will be the beneficiaries of the data?
7. Is a particular stream flow measurement methodology or instrument preferred?
8. Are there any constraints such as access and land acquisition problems and cost limitations?

Where measuring water level or discharge in a riverine network, the primary measurement is the water level (or stage) of the water body.  The shape, reliability and stability of the stage-discharge relationship are normally controlled by a section or reach of channel at, or downstream of the gauging station, which is known as a control. In terms of open channel hydraulics a control is generally termed a section control if critical flow occurs a short distance downstream from the gaging station. This can occur where a natural constriction or a downward break in channel slope occurs resulting from a rock outcrop or a local constriction in width caused by the construction of a bridge. If the stage-discharge relationship depends mainly on channel irregularities and friction downstream of the station then this is referred to as a channel control. This is the most common type of control in India. A complete control is one which determines the stage-discharge relationship throughout the complete range of flow e.g. at a high waterfall. However, more commonly no single control is effective for the entire range and we then have a compound control. This could be a combination of a section control at low stages and channel control for high stages. A control is permanent if the stage-discharge relationship it defines does not change with time, otherwise it is referred to as a shifting control.
Controls can be natural or artificial (manmade for flow measurement purposes). Artificial controls may be purposely built flow measurement structures, which have a theoretical stage - discharge relationship unique to the structure. As such, it is not necessary to undertake a large number of current meter readings in order to define the stage - discharge relationship. However, the theoretical relationships should be checked over the full range of flows. Reservoir spillways, control weirs and anicuts frequently come into the ‘artificial’ category, even though they have not been intentionallybuilt for flow measurement purposes, since it is often possible to derive theoretical stage-discharge relationships. Structures, which have not been constructed for the purpose of flow measurement such as bridges, floodway channels and drifts, are not considered as artificial controls since they normally require full calibration.
Stage-discharge gauging stations such as natural controls and non-purpose built structures, which require current meter gauging to define the stage-discharge relationship are often referred to as rated sections.The two most important attributes of a control are stability and sensitivity (the two “S”s). If the control is stable the stage-discharge relation will be stable. It is also important that the control is sensitive, i.e. small changes in water level should correspond to relatively small changes in discharge. It is a primary requirement for stage-discharge gaging stations that the rating relationship should be as sensitive over as wide a range of flows as possible. In other words, any change in the recorded water level should correspond to a relatively limited (in percentage rather than absolute terms) change in flow.



[bookmark: _Toc453927607]Discharge Measurement
[bookmark: _Toc453927608]Introduction
River discharge is the volume of water passing a specified cross section at a given instant in time.  The units of discharge are commonly expressed as cubic feet per second (cusecs) or cubic meters per second (cumecs). Discharge is the most common parameter that is monitored in rivers and is used in various types of statistical analyses for assessing trends and flow frequencies, as input useful for the operation of dams designed for irrigation water supply or hydroelectric generation, and as model input by water resource managers, design engineers, planners, and flood emergency coordinators.

In the typical river setting the discharge is directly correlated to the water level, also known as the river stage. Since it is relatively easy to directly monitor water level using a variety of sensors the most common practice for determining discharge is to continuously monitor stage and convert it to discharge using what is known as the stage-discharge rating or simply the “rating”. Ratings are developed by making instantaneous discharge measurements using various types of instruments over a range of flow conditions. These instruments are called “flow meters” or “current profilers” and are designed to measure the velocity of water at different points in the cross section. Discharge is computed by multiplying the average cross-sectional velocity by the total river cross-sectional area. The pairs of stage and their associated discharge values over a wide range of flow conditions are plotted and a graphical or mathematical relation between stage and discharge is developed otherwise known as the rating (figure 4.1). 
[image: Description: Description: https://lodore.files.wordpress.com/2010/09/ratingcurve.jpg?w=520&h=363]
[bookmark: _Toc420068111]Figure 5.1Graph showing a typical stage-discharge rating curve with separate low-flow portion of the curve shown in the inset.
The rating is used to compute continuous discharge from  water levels that are monitored using pressure transducers, bubblers, floats, radars, or other instruments.
[bookmark: _Toc453927609]Measurement of Discharge
Discharge is computed by multiplying the mean velocity of a river cross section by the area of the channel at the same location where velocity is measured. Measuring the velocity in a river is typically accomplished using either a mechanical meter or an electronic instrument such as an acoustic Doppler current profiler. The cross-sectional area of the channel is determined by measuring the width and depth at multiple locations and summing these subsections to compute the total area.						
[bookmark: _Toc453927610]Instrumentation
[bookmark: _Toc453927611]Mechanical Meters

Discharge has traditionally been measured by means of a mechanical meter comprised of cups or a propeller that rotate at a speed equal to the velocity of the water and fins that align the meter so that it is parallel to the flow (figure 4.2). 

[image: Description: Description: http://www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/fig/F10_13L.JPG]
[bookmark: _Toc420068112]Figure 5.2Typical mechanical meter used for measuring discharge.

The meter is lowered into the water column on a cable in larger streams or fixed to a rod as shown in figure 4.2 for measuring discharge in smaller streams that can be waded. The velocities are obtained from a lookup table based on the number of revolutions of the meter over a period of time, usually between 40 and 60 seconds. This is done at a number of locations across the channel and the velocities are then averaged to determine a representative cross-sectional velocity. The cross-sectional area is determined by measuring the depth and width of the channel at the same time that velocities are being observed. The final value of instantaneous discharge (Q) is derived by multiplying the cross-sectional area (A) by the average cross-sectional velocity (V) as given in the commonly used equation for discharge Q=A*V.

[bookmark: _Toc453927612]Acoustic Doppler Current Profilers
For the past 25 years a new technology that relies on the Doppler principle has been developed and is now becoming the standard method for measurement of discharge in rivers. Measurement instruments based on this technology are typically called Acoustic Doppler Current Profilers or ADCPs (figure 4.3). 


[image: Description: Description: rio]
[bookmark: _Toc420068113]Figure 5.3Acoustic Doppler Current Profiler

The benefits of ADCPs over mechanical meters are 1) they measure velocity at many more locations throughout the channel’s cross section and 2) they simultaneously measure the width and depth of the channel thereby computing cross-sectional area in real-time as velocities are being collected. These devices are typically deployed from a small float that is towed across the channel on the end of a tether line (figure 4.4) or they are mounted to the side of a boat. 


[image: ]
[bookmark: _Toc420068114]Figure 5.4ADCP and tethered float




[bookmark: _Toc453927613]Acoustic Doppler Velocity Meters
Another type of instrument using acoustic Doppler technology is the Acoustic Doppler Velocity Meter (ADVM) which is designed to be permanently mounted to the side or bottom of the channel (figure 4.5). 

[image: Description: Description: SonTek-SL in a Canal]
[bookmark: _Toc420068115]Figure 5.5Side-Mounted Acoustic Doppler Velocity Meter
These instruments measure velocity along multiple beams pointed across or through the water column depending upon the orientation of the ADVM transducers. This measured velocity can be correlated to mean channel velocity by means of an “index-velocity” rating which is similar to the stage-discharge rating (fig 4.6). 

[image: Description: Description: http://sofia.usgs.gov/publications/sir/2004-5142/images/fig3cx.jpg]
[bookmark: _Toc420068116]Figure 5.6Graph showing typical index-velocity rating

The index velocity is continuously measured by the ADVM and converted to mean channel velocity by means of the index-velocity rating. A look-up table of cross-sectional area is derived from a survey of the channel geometry.  River discharge is computed by multiplying the mean channel velocity by the cross-sectional area. ADVMs are of particular usefulness in river environments where unsteady flow conditions occur that would prevent the use of a stage-discharge rating. An example would be in a tidally-affected river reach or at the inlet of a lake or reservoir where backwater influences from the downstream water body affect the river stage.

[bookmark: _Toc453927614]Measurement Range and Frequency
Measurement of discharge over the entire range of flow conditions for a river is necessary to adequately define the rating for all expected conditions. Determining discharge by extrapolation below the lowest measurement or above the highest measurement introduces unknown uncertainty into the computed values and should be avoided when possible. Furthermore, relying on ratings that have been developed in the past and are not regularly checked for continuing accuracy will often result in computed discharges that are significantly in error. This is because channels in natural rivers change over time due to erosion, scour, and fill and these changes have a direct impact on the stage-discharge rating. For that reason it is necessary to establish a practice of making discharge measurements throughout the year and over a wide range of flow conditions for each gauging station. A good rule of thumb is to measure discharge at a station every 6 weeks resulting in approximately 8 or 9 measurements throughout the year. It is important that special efforts are made to make discharge measurements during the low-flow period and at or near the peak flow of the year. 
[bookmark: _Toc453927615]Gauging Station Site Selection, Installation and Operation

[bookmark: _Toc453927616]Site Selection
In selecting a site for a new stream-gauging station the following considerations should be made.

· The river is straight for a distance approximately equal to five channel widths upstream of the gauging station. This will result in water levels that are generally the same across the river at the location of the gauge and will avoid affects caused by superelevation of the water surface that commonly occur on the outside of river bends.
· The flow in the river is confined to a single channel at all stages with no flow bypassing the location of the gauging station in a separate channel. 
· The channel at the gauging station location is not subject to significant scour and fill of the bed and is does not have large amounts of aquatic growth. 
· The river bank is high enough to contain the entire volume of water even at the highest flows and any overbank flow is confined to a cross section that can be readily measured during high flows.
· A stable natural control is present in the form of a bedrock outcrop or stable riffle at low flows and a confining channel at medium to high flows.
· A pool is created by the control so that river stage can be effectively monitored at even the lowest flows.
· The gauge is located far enough upstream from the confluence of another river to avoid being influenced by high water in that river. It is also located above the zone of backwater in a reservoir inlet or the zone of tidal-affect near the ocean. 
· A good cross section for making discharge measurements is located near the gauging site, however it is not necessary that low and high flow measurements be made at the same location.
· The site is accessible during all weather and flow conditions.
· If telemetry is required for real-time access to data from the station there is a good GSM signal or a clear line-of-site to the INSAT or VSAT satellite is possible.
· Either AC power or adequate sunlight for charging batteries using solar panels is available.
· The site is secure to avoid vandalism or theft of instruments and civil structures.
· The property owners are notified and have approved of the installation of the gauging station.

[bookmark: _Toc453927617]Installation
· The station should be installed so that sensitive equipment such as the data logger, batteries, and telemetry radios and antennas are located well above expected high water. 
· Bubbler orifice tubes or pressure transducers are securely fixed to the streambed such that they remain submerged during low flows.
· Radar or ultrasonic sensors are mounted such that they have a direct vertical shot to the water surface with no obstruction of their beams. Beam spread must be determined based on manufacturer’s specification and the expected maximum distance measured. 
· Orifice tubing or instrument cables should be buried in an appropriate conduit for the site conditions. A 1-2” flexible poly pipe is a good conduit choice for most circumstances as it can be easily installed and will hold up for many years in most environmental conditions.
· If the location of the gauging station isn’t routinely secured measures should be taken to prevent unauthorized access. This might include fencing with barbed-wire, locks on instrument shelters with protective covers, or camouflaging the installation.
· Solar panels should be oriented to maximize daily sunlight absorption.
· Antennas are installed and oriented towards the appropriate satellite considerations made to avoid obstructions in the satellite’s line-of-site.
· Datalogger and transmitter, if so equipped, are secured in a NEMA type 4 enclosure or equivalent to prevent access by water, dust, or insects.
· Datum should be established by at each gauging station by surveying from an existing benchmark or establishing a new benchmark using DGPS or RTKGPS equipment. 
· A reference gauge such as a staff gauge, wire weight gauge, or reference mark should be established at each gauging station and the elevation of this reference gauge should be surveyed into gauge datum to a precision of 0.001 ft. 

[bookmark: _Toc453927618]Operation
· Site visits to gauging stations should be scheduled about every 6-8 weeks with the objective of making 7-8 discharge measurements annually covering a range of flow conditions.
· Extra effort should be made to measure discharge at the extreme flow conditions, whether low or high flow. This will aid in the development of the upper and lower end of the rating curve, keeping in mind that extreme hydrological conditions are often the most critical.
· Each visit to the gauging station should include a comparison between the outside reference (staff) gauge and the data logger reading. The data logger should be reset to the reference gauge as required. 
· The reference gauge should be resurveyed once every three years to ensure that it has remained stable. A summary of the survey should be kept in the station’s folder at the office of the person responsible for servicing the gauging station.
· Data should be downloaded from the data logger during each visit unless the data have been previously received by means of telemetry device.
· Power supplies, including solar panels and batteries, should be checked during each visit to ensure they are adequately powering the system. 
· Replacement equipment should be brought along on the site visits to avoid extra trips in the event that equipment is malfunctioning and needs replacing.


[bookmark: _Toc453927619]Useful References
The following are links to useful references related to the installation and operation of streamgauging stations:

http://pubs.usgs.gov/fs/2007/3099/

http://pubs.usgs.gov/wsp/wsp2175/

https://hydroacoustics.usgs.gov/

http://water.usgs.gov/hif/

http://water.usgs.gov/hif/programs/instrumenteval/HIFEvaluationGuidance.pdf
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[bookmark: _Toc453927630]Introduction
Fluvial sediment is defined as fragmental materials generally derived from weathered rocks that are transported in, suspended by, or deposited from water. Fluvial sediments include particles ranging in size from fine-grained colloidal silts, sand, gravel, cobbles, to large boulders. Fluvial sediment or “sediment”, for the purpose of this paper, is broken into two general categories for the purposes of monitoring – suspended and bedload sediment.  Suspended sediment is defined as that portion of the total sediment load that is transported as suspended particles from a point in the water column approximately 0.3 ft from the riverbed to the surface (figure 1). Bedload is the portion of the total sediment load that is transported by rolling, sliding, and bouncing along or near the bed. Bed material is sediment in the streambed that is at rest, but may re-suspend and move as coarse suspended sediment or as bedload. Dissolved load are the materials that are transported by the water while in solution and are not considered as part of the sediment load so they won’t be addressed in this paper.

[image: Description: Description: http://classconnection.s3.amazonaws.com/324/flashcards/3374324/jpg/sediment_transport-142E994401B6E712E82.jpg]
[bookmark: _Toc420068117]Figure 7.1Illustration showing the various modes of sediment transport in a riverine system.
Understanding the processes by which sediment is transported in the riverine environment is necessary before we can design and build any structure that will disrupt or alter the movement of sediment in any way. The first step in understanding these processes is by sampling the sediment, both suspended and bedload. Sediment concentration is determined from the samples by lab analyses and sediment load is computed based on a combination of sediment concentration and the associated water discharge at the time of sampling. The transport of sediment is directly correlated to the discharge so the mostly widely accepted practice for the quantification of sediment transport is through the development of sediment transport curves (figure 2). These curves provide a graphical representation of the relation between water discharge on the x axis and sediment concentration or sediment discharge on the y axis. 

[image: Description: Description: http://www.scielo.org.ar/img/revistas/lajsba/v16n2/a06f4.jpg]
[bookmark: _Toc420068118]Figure 7.2Typical sediment transport curve

[bookmark: _Toc453927631]Network Density
The need for sediment data is usually tied to specific site-related issues. Common examples of these issues include evaluating river reaches where bank erosion, with the resulting loss or damage of property, is occurring or scouring of bridge piers during high-flow events leading to the potential for collapse. Addressing these kinds of issues requires an understanding of the sediment transport characteristics of the specific river reach in question rather than over a broad region. For this reason network density is not an especially useful metric when it comes to sediment monitoring but rather each location where sediment transport is of concern will require a site-specific monitoring strategy.
[bookmark: _Toc453927632]Monitoring
The basis for all sediment monitoring is to first sample the sediment discharge over a wide range of flow conditions. Once adequate data have been obtained to characterize sediment transport for a site the next step is to compute a time series of daily sediment loads using either a sediment transport curve in combination with a water discharge time series or to calibrate a sensor that is continuously monitoring a sediment surrogate such as turbidity or acoustic backscatter.

[bookmark: _Toc453927633]Sampling Equipment
The sampling of sediment at a site requires methods for each of the two different modes of transport 1) suspended load and 2) bedload. A comprehensive monitoring strategy requires sampling of sediment transported by both of these modes over the entire range of water discharge in the river. The results, when combined, comprise the total sediment load. Each mode of transport, whether suspended or bedload, requires its own specifically designed sampling equipment. 
[bookmark: _Toc453927634]Suspended Load Samplers
Various suspended sediment samplers have been designed for different field conditions largely related to the depths and velocity of the water being sampled (fig 4). Selection of the appropriate sample for specific channel and hydraulic conditions is critical for the collection of good quality sediment data. The following flow chart from USGS Open File Report 2005-1087, pg  (Davis, 2005) is helpful in the selection.

[image: Description: Description: http://water.usgs.gov/fisp/images/suspended-sediment_sampling.jpg]
[bookmark: _Toc420068119]Figure 7.3Flowchart for the selection of suspended-sediment sampling equipment
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[bookmark: _Toc420068120]Figure 7.4D74 Depth-integrating suspended sediment sampler



[bookmark: _Toc453927635]Bed Load Samplers
The most commonly accepted sampler for collecting bedload samples is the US BL-84, commonly known as the Helley-Smith sampler (fig. 5). It comes in two basic varieties, one a hand-held version for sampling small streams by wading and the other for large streams by means of cable suspension from a bridge, cableway, or boat. 

[image: Description: Description: http://pubs.usgs.gov/of/2005/1087/images/US_BL84.gif]
[bookmark: _Toc420068121]Figure 7.5US BL-84 or Helley Smith bedload sampler

The sampler includes a 3.0 in x 3.0” intake nozzle designed to sample bedload accurately without biasing the sample either positively or negatively due to hydraulic interference by the sampler. A mesh bag with 0.25 mm mesh openings is attached to the back of the nozzle. A steel frame is welded to the nozzle to provide adequate weight to keep the sampler on the bottom of the streambed while sampling and tail fins to align the sampler in the direction of the flow as it is lowered to the bed. 



[bookmark: _Toc453927636]Sensors
Continuous monitoring of sediment is not a simple undertaking, largely due to the variability of sediment concentration across the channel cross section and throughout even a short river reach. Sensors have been used with some success to continuously measure surrogates of suspended sediment concentration. These surrogates, when calibrated with sediment samples, can be used to compute time series of suspended sediment load with fair to good results. 
[bookmark: _Toc453927637]Turbidity
Turbidity sensors are designed to measure the clarity of water by shining a light into a small sample of water and measuring the light that is refracted off particles in the water, usually at 90 degrees from the light source (fig. 6). The sensor often incorporates a mechanical wiper that rotates and wipes off the lens covering the light source just before it is turned on to obtain a reading. Turbidity sensors can either be deployed as a single standalone sensor or included as one of several sensors on a multi-parameter water-quality instrument or sonde.
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A disadvantage of this type of sensor is that it only measures turbidity at a single location which can often be unrepresentative of the average cross sectional suspended-sediment concentration. An accurate computation of average sediment concentration requires that turbidity readings be correlated with average cross-sectional sediment concentration derived from suspended-sediment samples and with river stage. 


[bookmark: _Toc453927638]Acoustic Doppler Instruments
Recently, acoustic Doppler instruments have been used with some success in monitoring suspended sediment concentration in rivers by correlating acoustic backscatter signal strength with sediment concentration (figure 7). Acoustic Doppler devices were originally designed to measure water velocity in rivers and the ocean using the Doppler principle in which an acoustic signal is transmitted into the water and bounced off particles. The change in frequency of the return or “backscatter” signal is measured and used to determine the velocity of the particle and from that the velocity of the water is inferred. Recent research has determined that there is often a positive correlation between the strength of the backscatter signal and the concentration of suspended sediment in the water column. This correlation has been successfully used to compute continuous sediment concentration in rivers. A significant advantage of this type of instrument is that acoustic Doppler devices are capable of partitioning the acoustic signal into multiple cells across the channel, thereby providing a representation of the cross-sectional variation in sediment concentration.

[image: ]
[bookmark: _Toc420068123]Figure 7.7Illustration showing the use of an ADVM in conjunction with a suspended sediment sampler for continuous monitoring of suspended-sediment concentration.


[bookmark: _Toc453927639]Site Selection, Installation, and Operation
The selection of sites for sediment sampling and monitoring depends largely upon the objective of the data collection effort. However, the following general considerations should be made when selecting, installing, and operating a monitoring site:
[bookmark: _Toc453927640]Site Selection
· A stream gauging station is located in the vicinity of the monitoring site to provide flow data for sediment load computations or as model input.
· The river flow is contained within a single channel with little or no overbank flow during high-flow events.
· For large rivers, a bridge is available in the reach of interest from which to sample. In the absence of a bridge, boat access is necessary over a wide range of flow conditions.
· The site is far enough downstream from tributary inflows so that water and sediment from the two streams are well mixed at the monitoring site. 
· The site is accessible during all weather conditions.
· If telemetry is required for real-time access to data from the station there is a good GSM signal or a clear line-of-site to the INSAT or VSAT satellite is possible.
· Either AC power or adequate sunlight for charging batteries using solar panels is available.
· The site is secure to avoid vandalism or theft of instruments and civil structures.
· The property owners are notified and have approved of the installation of the monitoring station.
[bookmark: _Toc453927641]Installation
· The sensors are mounted on a rigid structure deep enough to be submerged during low flows.
· The mounting structures are designed such that the sensors can be removed for cleaning, servicing, or replacement at all flow conditions.
· Datalogger and transmitter, if so equipped, are secured in a NEMA type 4 enclosures or equivalent to prevent access by water, dust, or insects.
[bookmark: _Toc453927642]Operation
· The sensors should be operated continuously during all flows. This will require that power consumption requirements be taken into account and either AC power provided or an adequate system of solar panels and batteries provided that will be capable of powering the system on a continuous basis.
· Trips to the site for sampling purposes should be scheduled every 4-6 weeks in the initial stages of the monitoring program to collect suspended and bedload data over a wide range in flow and sediment transport conditions. The development of adequate sediment transport curves is dependent upon having data covering the expected range of flow.



[bookmark: _Toc453927643]Water Quality Monitoring
[bookmark: _Toc453927644]Introduction
Water quality is the measure of the suitability of water for a particular use based on specific physical, chemical, and biological characteristics. Assessment of the quality of a water body, whether surface water or groundwater, can help us answer questions about whether the water is acceptable for drinking, bathing, or irrigation to name a few applications. It also allows scientists to determine whether the water in a particular system is improving or worsening and why. We can use the results of water quality assessments to compare the quality of water from one water body to another in a region, State,  or across the whole country.

Determining water quality requires the measurement and analysis of specific characteristics which include such parameters as temperature, dissolved mineral content, and bacteria. These characteristics are often compared with standards set by regulatory agencies to determine if the water is suitable for a particular use. Some water quality parameters can be determined “in-situ” meaning that they are measured directly in the stream or well. These include temperature, pH, dissolved oxygen, conductivity, and turbidity. Other chemical and biological parameters are analyzed in a laboratory from samples collected in the water body of interest. This chapter on water-quality monitoring will focus on instruments used to make in-situ measurements of water-quality parameters.

[bookmark: _Toc453927645]Network Density
The need for water-quality data can be related to site-specific issues or it can address the need to understand how water quality is trending over a large basin or aquifer. An example of a site-specific need is the quality of water from an aquifer used for a public water supply or monitoring the salinity of water drawn from a river in a tidally-affected zone to evaluate its suitability for the irrigation of crops. Water-quality trend analysis, on the other hand, requires a long-term monitoring program accomplished by establishing a water-quality monitoring network that is designed to meet the program’s stated objectives. For example, an assessment of water-quality for a large river basin would include sampling sites on the mainstem of the river as well as near the mouths of major tributaries. This would permit an assessment of the water-quality in the large river from upstream to downstream as well as how the tributary inflows are influencing the large river, whether improving it through the addition of good quality water or degrading it as a result of some upstream contaminant. 

[bookmark: _Toc453927646]Measurement Frequency
The frequency of water-quality sampling depends in large part upon the objectives of the sampling program and the water body of interest. Aquifers, on one hand, often respond slowly to water-quality inputs and therefore collecting discrete samples on a monthly or seasonal sampling frequency is adequate. Rivers on the other hand are subject to rapidly changing flows due to rain or snowmelt which in turn can have a dramatic effect on water-quality parameters in a matter of days, hours, or even minutes. Biological and chemical parameters often exhibit diurnal responses related to sunlight, photosynthesis, and respiration. To understand these processes it is necessary to monitor water quality continuously. For example, figure 1 is a time-series plot of dissolved oxygen (DO) and pH in a large river in the northwest U.S. The continuous data shown illustrate a strong diurnal variation of both the DO and pH. Upon close examination of the data it is discovered that the DO goes up each day when the biological productivity (photosynthesis) in the river is high resulting in high concentrations of dissolved oxygen. DO drops off at night when the aquatic organisms are using up the oxygen and respiring carbon dioxide (CO2). The CO2 combines with water (H2O) to form carbonic acid (H2CO3) causing the pH to go down as the acidity of the water increases. These relations are only evident by continuous monitoring of the various water-quality parameters.
[image: ]
[bookmark: _Toc420068124]Figure 8.1Graph showing the daily variation of dissolved oxygen (DO) and pH in the Snake River, Eastern Oregon, USA.

Scientists are finding great value in continuous water-quality monitoring and even the telemetry of the data in real-time. The following section will address monitoring instruments that are capable of either discrete or continuous water-quality monitoring.


[bookmark: _Toc453927647]Instrumentation
[bookmark: _Toc453927648]QW Sonde
Water-quality monitoring is often directed at several common field parameters including water temperature, conductivity, pH, dissolved oxygen, and turbidity. Rather than deploying one sensor for each of these parameters modern water-quality instruments are often comprised of a multi-parameter sonde with several sensors attached in a single unit (figure 2). The sonde controls and supplies power to the sensors and sometimes provide datalogging functions for the system. The sonde is comprised of a field rugged, watertight enclosure for the system’s electronics, batteries, sensor ports, and a communication cable. Other features may include visual indicators of system operation or malfunction and wireless connectivity options for downloading data.
[image: Description: Description: https://www.ysi.com/ProductImages/d71cb719-01f8-45fb-9296-2c4f47881e01/images/YSI-EXO2-3Qtr.jpg]
[bookmark: _Toc420068125]Figure 8.2Multi-parameter water-quality sonde with sensors.
[bookmark: _Toc453927649]Temperature
Temperature sensors are typically built around a thermistor with resistance properties that are sensitive to changes in temperature. The resistance is converted to temperature using an algorithm built into the sensor or sondes firmware and is reported either in degrees Celsius or Fahrenheit depending on user preference. Temperature is often used to temperature-compensate readings from other sensors and also used to calculate salinity from conductivity readings.
[bookmark: _Toc453927650]Conductivity
The electrical conductivity of water is an indicator of the water’s mineral content and therefore an indirect indicator of water quality. Higher conductivity readings are an indicator of higher mineral content. Conductivity is commonly reported as micro-Siemens per cm (µS/cm), sometimes called micro-mhos per cm (µmho/cm). Conductivity sensors are often paired in a single unit with the temperature sensor. The readings from the two sensors are then combined to calculate salinity. Often conductivity will be reported as “Specific Conductance” which is the conductivity normalized to 25oC.
[bookmark: _Toc453927651]pH
pH is the measure of how acidic or base a water sample is. The pH scale ranges from 0 to 14 pH units and the value of pH in water is a reflection of hydrogen ion activity. A pH value of 7 is considered neutral. Values of pH less than 7 are acidic and greater than 7 are base. The pH scale is logarithmic so that each unit represents a 10-fold magnitude increase over the next lower unit. pH is an important water-quality parameter as it is an indication of how soluble chemical constituents are in water which sometimes is correlated to their toxicity.
[bookmark: _Toc453927652]Dissolved Oxygen
Dissolved oxygen (DO) in water bodies is critical for organisms living in the water. Dissolved oxygen is also temperature dependent with cold water being capable of holding more dissolved oxygen than warm water. During the summer when water temperatures are high and aquatic plants are using a lot of the dissolved oxygen for respiration, oxygen in the water can be completely depleted leading to fish kills. DO is measured in units of mg/l or % saturation and is inversely related to temperature. 
[bookmark: _Toc453927653]Turbidity
Turbidity is an indicator of the clarity of water and is measured by shining light into the water and measuring the amount of scatter of the light due to particles suspended in the water sample. Turbidity is often used as a surrogate parameter for suspended sediment concentration or total suspended solids. Units of measurement are typically nephelometric turbidity units or NTU. Turbidity is an important water-quality parameter because it affects sunlight penetration, biological productivity, is related to increased sediment loads leading to reservoir siltation, and adversely affects the aesthetic quality of water bodies.
[bookmark: _Toc453927654]Depth
Depth is commonly measured along with other water-quality parameters to provide an understanding of how these parameters vary throughout the water column. For example, temperature is often higher near the surface of a water body where sunlight penetration is greatest. At increasing water depth the temperature declines which has an effect on other water-quality parameters such as conductivity and dissolved oxygen. Since all of these parameters help scientists understand chemical, biological, and physical processes going on in water bodies, depth, though not a direct water-quality parameter, is nonetheless and important metric that can help understand these processes. Depth is typically measured by sensing the hydrostatic pressure on a pressure sensor lowered in the water column and is reported in either English units (feet and inches) or metric units (meters and centimeters).



[bookmark: _Toc453927655]Site Selection and Installation
The selection of sites for water-quality sampling and monitoring depends largely upon the objective of the data collection effort. However, the following general considerations should be made when selecting, installing, and operating a monitoring site:

[bookmark: _Toc453927656]Site Selection
· A stream gauging station is located in the vicinity of the monitoring site to provide flow data for water-quality constituent load computations or as model input.
· The river flow is contained within a single channel with little or no overbank flow during high-flow events.
· For large rivers, a bridge is available in the reach of interest from which to sample. In the absence of a bridge, boat access is necessary over a wide range of flow conditions.
· The site is far enough downstream from tributary inflows so that water and water-quality constituents from the two streams are well mixed at the monitoring site. 
· Observation wells used for QW sampling have access ports from which water samples can be drawn.
· The site is accessible during all weather conditions.
· If telemetry is required for real-time access to data from the station there is a good GSM signal or a clear line-of-site to the Insat or VSAT satellite is possible.
· Either AC power or adequate sunlight for charging batteries using solar panels is available.
· The site is secure to avoid vandalism or theft of instruments and civil structures.
· The property owners are notified and have approved of the installation of the monitoring station.

[bookmark: _Toc453927657]Installation
· The sensors are mounted on a rigid structure deep enough to be submerged during low flows.
· The mounting structures are designed such that the sensors can be removed for cleaning, servicing, or replacement at all flow conditions.
· Datalogger and transmitter, if so equipped, are secured in a NEMA type 4 enclosures or equivalent to prevent access by water, dust, or insects. 

[bookmark: _Toc453927658]Operation
· The sensors should be operated continuously during all flows. This will require that power consumption requirements be taken into account and either AC power provided or an adequate system of solar panels and batteries provided that will be capable of powering the system on a continuous basis.
· Trips to the site for sampling purposes should be scheduled every 4-6 weeks in the initial stages of the monitoring program to collect water-quality data over a wide range in flow and constituent transport conditions. The development of adequate constituent transport curves is dependent upon having data covering the expected range of flow.



[bookmark: _Toc453927659]Groundwater Level Monitoring
[bookmark: _Toc453927660]Introduction
Groundwater is one of our most valuable natural resources, providing water for domestic, industrial, and agricultural uses as well as being a source of base flow to rivers and streams. The measurement of water levels in wells is the fundamental means by which this valuable resource can be assessed, both in terms of quantity and quality. A systematic approach to the collection of groundwater level data is important to ensure that this resource is thoroughly and accurately understood as so much of our economy and health are affected by it.

[bookmark: _Toc453927661]Network Density
The design of a groundwater-level monitoring program begins with the selection of a network of observation wells. The selection is based on the objectives of the monitoring program. Objectives might range from something as localized as the need to monitor the direction of groundwater flow in the immediate vicinity of a known contaminant leak or to the evaluation of water-level declines over a large regional aquifer that extends across State boundaries. To determine the selection of observation wells the objectives of the program must be clearly stated and a determination of a network that will best represent the extent, topography, geology, climate, and land-use in the area of interest should be made. Other factors in selecting observations wells will be the physical nature and complexity of the aquifer being studied. For example, if a deep aquifer is an important source of water for a region’s agricultural industry it will be necessary to include observation wells that are distributed throughout the areal extent of the aquifer and are completed depths sufficient to obtain water-level observations that are representative of the aquifer. Or if a network is being designed to assess trends that are the result of natural or climate induced stresses the wells selected for observation should be in areas unaffected by local pumping, irrigation, or land-use that will affect aquifer recharge.

[bookmark: _Toc453927662]Measurement Frequency
The frequency of water-level measurement in a groundwater monitoring network is one of the most important design considerations and as with network density it must take into account the objectives of the monitoring program and of course any budgetary constraints. Water-level monitoring can either be periodic or continuous. Periodic measurements could be on a weekly, monthly, seasonal, semi-annual, or annual frequency. This level of monitoring is often adequate for deep aquifers with slow recharge rates and fewer withdrawals and is useful for potentiometric surface mapping. Continuous water-level monitoring, on the other hand, is beneficial in shallow unconfined aquifers with rapid recharge rates and significant withdrawals. Continuous water-level monitoring is undertaken by installing an automatic water-level sensor below the water table in the well. The sensor is either connected to a datalogger at the surface or has built-in data storage capability. In deciding which approach is required to meet program objectives it is often beneficial to install an automatic water-level sensor (AWLS) for a period of a year or more to gain an understanding of physical processes and to tailor the monitoring frequency to avoid over- or under-sampling the aquifer relative to the analytical requirements. For example, figure 1 illustrates continuous water levels in a well in Southern Idaho, USA. By inspecting the data it is apparent that a periodic annual measurement of water level would be adequate for assessing a potential long-term downward water-level trend in an aquifer but would miss the seasonal, monthly, and daily fluctuations that occur. If a long-term trend analysis is all that is sought in the monitoring program this level of resolution may be enough. However, if an understanding of drawdown in the aquifer resulting from pumpage during the summer irrigation season is sought, a more frequent sampling program of say once a month would be required. Finally, if short-term variations on a daily or weekly basis were needed to understand how water levels in a particular well are affected by pumping in a nearby well then a continuous water-level monitoring program would be justified.
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[bookmark: _Toc420068126]Figure 9.1Graph showing groundwater level fluctuations in a well in Idaho, USA

Another type of ground-water level monitoring program is the “synoptic measurement”. This approach is used to measure water levels over a large area in a short period of time to provide a “snapshot” of aquifer conditions for water table mapping or determining hydraulic gradients and as calibration data sets for groundwater models. 

[bookmark: _Toc453927663]Instrumentation
Instrumentation used for groundwater level measurements are of two basic types, manual and automatic. The manual type is comprised of a calibrated tape with a water-level sensor attached to the end. The sensor is lowered into the well until it reaches the water level and total depth to water is read from the tape after subtracting the depth of the sensor under the water surface (figure 2).
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[bookmark: _Toc420068127]Figure 9.2Manual groundwater level meter with calibrated tape and sensor.

For continuous monitoring of water level in wells an automatic water-level sensor (AWLS) is required. The AWLS is comprised of a pressure sensor that is lowered far enough below the water table in a well to ensure that it will remain submerged throughout the monitoring period. The sensor measures a combination of hydrostatic and barometric pressures and records the data internally or transmits the reading by means of a communication cable to a datalogger at the surface of the well where it is converted to depth to water and logged. The AWLS with a communication cable is somewhat more expensive than the internal-recording type but provides easier download of data without removing the sensor and allows for telemetry of data when real-time data access is desired. This type of AWLS comes with two different types of communication cables, one vented and the other non-vented.
[bookmark: _Toc453927664]Automatic water-level sensors with vented cable
As mentioned earlier the water-level sensor in an AWLS, when lowered into the water table in a well, is affected by both the hydrostatic pressure of the water over the sensor’s transducer and barometric pressure effects from changing weather at the surface. Vented cables include a small diameter vent tube that allows the barometric pressure effect to be negated at the sensor. The advantage of vented cable is that the resulting pressure signal is a response to hydrostatic pressure only so no compensation is needed for barometric pressure changes.
[bookmark: _Toc453927665]Automatic water-level sensors with non-vented cable
AWLS instruments without vented cables are subject to the effects of varying barometric pressure at land surface due to changing weather systems. The pressure sensor measures a combination of both hydrostatic and barometric pressure therefore the water-level readings require compensation to eliminate the barometric pressure effects. This requires that a barometric sensor is operating in the vicinity of the observation well and the data from this sensor are used to adjust the AWLS data to eliminate the effects from barometric pressure changes. This adjustment can be done internally in the datalogger or by post-processing the water-level data using the barometric data. The AWLS non-vented cable has the advantage of being less expensive, however these costs might be more than offset by the need to supply a barometric sensor with which to adjust the water-level data. 

[image: Description: Description: http://cclynchblog.com/wp-content/uploads/2012/06/LevelTROLL7001-e1340642464267.jpg]
[bookmark: _Toc420068128]Figure 9.3Automatic water-level sensor with or without vented cable

[bookmark: _Toc453927666]Automatic water-level sensors without communication cable
Another type of AWLS is the self-contained unit which has no communication cable but includes internal memory for data logging within the sensor housing and batteries to power the sensor and datalogging function. This type of sensor is designed to monitor continuously for a year or more depending upon the frequency of measurements (figure 4). The advantage of this type of AWLS is that it doesn’t require an expensive communication cable for suspension in the well but rather can be lowered on a small diameter cable designed not to stretch over time or be corroded by the well’s moist climate. The disadvantages of this type of system are that the sensor has to be removed in order to download the data which must then be post-processed to compensate for the effects of barometric pressure changes and there is no capability for real-time telemetry.

[image: Description: Description: https://tse1.mm.bing.net/th?id=JN.8%2boA5Q8IZnH0qu2g%2f6jcGw&pid=15.1]
[bookmark: _Toc420068129]Figure 9.4Automatic water-level sensor without communication cable




[bookmark: _Toc453927667]Site Selection and Installation
[bookmark: _Toc453927668]Site Selection
· The site is accessible during all weather conditions.
· If telemetry is required for real-time access to data from the station there is a good GSM signal or a clear line-of-site to the INSAT or VSAT satellite is possible.
· Either AC power or adequate sunlight for charging batteries using solar panels is available.
· Operational wells with pumps have access ports for deploying instruments and ideally have a separate conduit to keep the AWLS communication or support cables from interfering with the pump or electrical cables.
· The site is secure to avoid vandalism or theft of instruments and civil structures.
· The property owners are notified and have approved of the installation of the monitoring station.
[bookmark: _Toc453927669]Installation
· It’s important to establish datum at each observation well. This can be done by conducting a level survey from a nearby benchmark or other reference mark having a known elevation or by using a GPS system with 2 cm accuracy.
· The measuring point and associated elevation is clearly marked on the wellhead or the top of the well casing. 
· Datalogger and transmitter, if so equipped, are secured in a NEMA type 4 enclosures or equivalent to prevent access by water, dust, or insects. 
[bookmark: _Toc453927670]Operation
· Data should be downloaded from the data logger during each visit unless the data have been previously received by means of telemetry device.
· Power supplies, including solar panels and batteries, should be checked during each visit to ensure they are adequately powering the system. 
· Replacement equipment should be brought along on the site visits to avoid extra trips in the event that equipment is malfunctioning and needs replacing.




[bookmark: _Toc453927671]Telemetry
[bookmark: _Toc453927672]Introduction
Hydrometric observations are increasingly in the decision making process with the application of real-time hydrologic monitoring systems.  Knowledge of water resources help planners make up-to-date and informed decisions for flood forecasting, water supply management, irrigation, hydro generation, as well as environmental monitoring and planning.  Hydrometric observations coupled with real-time telemetry provide the basis for an objective analysis of water resources.   This allows operators to consider numerous operating criteria and the impact of any decision, rapidly, efficiently, and consistently.  Real-time modernized data also eliminates human error and develops a trust among stakeholders, which helps in transparent decision making.  The system ensures that all hydrological data supplied to both internal and external clients is "confidently useable".  This means data may be used for resource management, engineering design, project operation, or scientific investigations without the need for extensive checking, editing and correction. 
The two general methods of relaying data in real-time are terrestrial-based and satellite-based data relay solutionsFig10.1..  Each system has relative advantages and disadvantages, but both operate under similar principles. In the field, sensors measure parameters; data logger stores readings and transmits a data package containing the readings through the antennae.  The data package is picked up by a receiver and passed on to a receiving station (a.k.a. hub station, monitoring center), which decodes the transmitted data package and sends it to a database server.  Data can then be pushed to or requested by individual users from the database server for use in water management.  Should the data not be received, systems with two-way communication can be programmed to prompt the field site to resend the data package.  Two-way communication can also be used to control infrastructure such as in SCADA systems.  Receiver networks include land-, radio-, and satellite-based networks.  
[bookmark: _Ref411956668][image: ]
[bookmark: _Toc420068130]Figure 10.1Schematic of telemetered hydro-meteorological network
Telemetry systems commonly used in India include terrestrial-based GSM/GPRS and satellite-based INSAT Transmitter and VSAT systems.  In general, VSAT are used for networks required to be online during extreme events and thus are the preferred systems in flood warning system.  With the increased reliability comes increased cost in equipment, maintenance, and provider service and thus are not preferred in networks where real-time data is not essential.  GSM/GPRS and INSAT are used in such networks.  GSM relies on mobile phone networks, thus it is less expense to equip and maintain and easy to install.  The limitation with GSM is that its range is within the mobile network coverage.  As the intermediate solution, INSAT transmitter is used for telemetry of data outside the mobile network coverage. INSAT transmitter is one-way communication so does not permit resending of data should the receiver not collect the data package.  With the growing prevalence of mobile phone networks, this system is growing and replacing INSAT sensors within the GSM coverage range where data reporting during extreme events is not required.  The following section describes each system in detail.


[bookmark: _Toc453927673]GSM based Mobile Communication

GSM/GPRS technology is gaining wide acceptance for the telemetry of hydrometric data in India as well as other countries.  The widespread availability of GSM coverage makes GSM telecommunication a popular choice, though there are several very important factors a hydrologic system operator must consider when choosing a telecommunication medium to relay hydrologic data. Figure 10.2 shows the GSM coverage in India as of 2009 and 2015. It can be observed that cellular network coverage has increased rapidly, specifically for remote and low population density areas.

 (
India GSM coverage - 2009
India GSM coverage - 2015
)
[bookmark: _Toc420068131]Figure 10.2.  GSM coverage in India for 2009 and 2015.

Today’s mobile networks (i.e. GSM/GPRS) are a good option for telemetry of hydromet data during periods of normal system usage, however they can be unreliable during flood events or other emergencies due to increased call traffic by the public during. The selection of a telemetry option for individual hydromet stations should take into consideration whether or not loss or delayed receipt of data would pose a public safety risk or would significantly impact the value of the data being collected. For example several hours or even days of missed groundwater levels would not have serious negative consequences for the end user whereas even one or two hours of missed data from an AWG or stream gauging station used for flood forecasting could potentially result in the loss of lives or property. GSM/GPRS systems can work by sending text messages with data, or by establishing a network connection, which makes the data logger a device on the INTERNET, addressable like any other device on the INTERNET.   This allows two-way communication, with the ability to change program settings, download data, or just query the data logger forthemostrecentmeasurements. Theonly issuewiththeINTERNETconnectionarethe power requirements, which fortunately, with the advancements in technology, are becoming more power efficient with time. TheSMStextmessagingrepresentsaone-way transferof hydrologic data from thefieldstation. However, configurations are available where a user can send an SMS to a remote station followed by the station responding with its own SMS containing the latest data.
AnothersignificantconcernwithGSM/GPRSnetworksisthattheagencyoperating the real-timehydrologicsystemisnotincontrolofthenetwork.  Complaintsoflackofavailabilityorothersuchproblemswillneed tobetakenupwiththemobilenetwork provider, who may or may not act as quickly to provideremedies as the agency operating the hydrologic networkdesires. FurthermoretheGSM/GPRSnetwork is shared with the public, and thus there is the possibility that the network can be overwhelmed during critical events such as floods or storms leading to delays inthe availabilityofcritical real-timehydrologic data.  Ifan emergency occurs, the likelihood is great that the GSM/GPRS bandwidth could be consumedbythepublic. Inextremeemergenciesanddisasterssuchasweatherrelated events, GSM/GPRS networks have been known to entirely fail. The operational characteristicsandpolicyofrepairduring outagesmustbewellunderstoodbetweenthe agency in charge of the network and the mobile network provider.
SystemavailabilityusingGSM/GPRS shouldcertainlybeaconsiderationin thedesignandselectionofareal-time network. FurtherinvestigationsareneededinIndiatodeterminetheavailabilityof mobile networks,andwhetheravailabilityvariesbymobilenetworkproviderand/orregion. These are all very important considerations.

Nonetheless,theuseofGSM/GPRShasbecomeanewandimportanttechnologythat will advancereal-time hydrologicsystemsas related tofieldinstrumentation.   The conceptofprivateGSM/GPRSnetworksisnow beingconsideredtoassurethatthereal- timerequirementsandavailabilityareinmorecontrolof theuser,ratherthanamobile networkproviderthatmayhaveoperationalpractices that are not in the best interest of the real-time hydrologic systemoperator.
Implementation of GSM/GPRS as a telemetry choicefor hydrologic systems is possibly the quickest option available, requiring only a service agreement with the mobile network provider. GSM/GPRSiswidelyavailablethroughoutIndia and the cost for this well established pay-per-use system are relatively modest compared with other options. 
Advantages to GSM Telemetry
· Low profile, non-directional antenna
· Easy to set up and low maintenance costs
· Two-way communications
· Event notification by Internet, other cell phone, etc.
Disadvantages to GSM Telemetry
· Requires cell phone coverage area
· Monthly service fee (may vary depending on local area cell phone service provider)
· Cell phone service provides may change cell towers or communication protocol, thereby effecting communications to your remote location
· Connection may be dropped during peak cellular transmissions activities


[bookmark: _Toc453927674]Geosynchronous Satellite Telemetry (INSAT)
INSAT is operated by the government of India to provide support to real-time environmental monitoring.  The INSAT transponder is one of many capabilities provided by INSAT.  INSAT is likely more well known for providing satellite pictures depicting the weather.   The INSAT is somewhat related to other telecommunication satellites throughout the world which offer hydrometric data relay at little or no cost to the user.
The European Union supports two METEOSAT systems to relay data from Europe and Africa.   INSAT provides data relay over INDIA and neighboring regions(Figure 10.3).   MTSAT, operated by the Japan Meteorological  Agency,  offers  data  relay  over  the  Far  East,  and  the  United  States operates two GOES satellites, completing the ring of geostationary satellites located above the equator.  The only difference is that INSAT was specifically put into operation to address the needs of India, while the other systems serve larger regional, multinational users.  Each satellite is prepared to support the relay of data from thousands of stations. For instance the two GOES satellites operating over the America’s provide data relay forapproximately 25,000 stations, with a total capacity estimated to be about 100,000 stations.
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[bookmark: _Toc420068132]Figure 10.3INSAT area of coverage
The INSAT system is well suited for remote hydrometric data collection as well as data sharing.  Data sharing is implicit in the method that INSAT employs to collect and relay data.  Anyone in view of the satellite can collect all hydrometric data, including data collected by IMD and CWC, who recently have modernized their networks with capabilities or real-time data collection.
The cost of an INSAT ground receive station is rather high, but there are technologies that have allowed all data to be received simultaneously through the INTERNET. This has resulted in significant reduction in the cost to receive INSAT data while allowing for a significant expansion of networks collecting real-time hydrometric data. An example of sharing data from an INSAT ground receive station is MOSDAC, a platform used by ISRO to share real time data obtained from satellite with different stakeholders. The data are received at ISRO ERS located in Ahmedabad, processed and shared via website and ftp protocols. The reader is advised to visit website http://www.mosdac.gov.in/ to get basic idea of the data sharing protocol.
One of the great advantages of INSAT is that the satellite is not affected by local weather events that can often disrupt terrestrial-based communications such as GSM/GPRS. The reliability  and  implicit  distribution  sharing  of  data  makes  INSAT  a  data  collection solution that should be considered for every hydrometric real-time station.Figure 10.4below shows the communication path for INSAT, and the direct relay concept that results in very little latency.
 (
Server
Earth Receiving Station
Satellite Dish
Remote Station
INSAT
)
[bookmark: _Toc420068133]Figure 10.4 Communication path for INSAT


Advantages of Geostationary Satellite Telemetry
· Low communications cost
· Low maintenance
· Emergency event-driven capability
· Ideal for remote locations
· Data easily shared among government users
· Very reliable data transmissions as system is supported by Government of India
· Available for environmental or hydro-meteorological monitoring applications
Disadvantages of Geostationary Satellite Telemetry
· Scheduled transmission times assigned by governmental agency and based on Channel/Time availability
· Interference detection difficult
· Troubleshooting capabilities minimal
· Data are available to Government and public
· Hardware costs are more expensive than for other telemetry options.
· One-way transmissions
· No acknowledgement of successful data transmission.
· If a transmission fails, it cannot be repeated at a later time.
· Primarily available only to Federal, state or local governmental agencies or government sponsored environmental monitoring applications.
· Lengthy time requirements to obtain satellite frequency assignments.



[bookmark: _Toc453927675]VSAT based Satellite Communication
VSAT (Very Small Aperture Terminal) is a two-way satellite ground station with a small dish antenna. The size of the antenna is quite small as frequency of transmission and reception is high.  A packet data signal transmitted by a VSAT ground station reaches a Hub Station via satellite and the data signal is amplified and passed back to the another VSAT ground station.  The data arethen sent to the database server.  Advantages to VSAT are it can communicate from anywhere in India, it is easy to install, great capacity for network expansion, many vendors provide equipment, and the system ismore reliable during periods of extreme climatic conditions.  The primary disadvantage is the cost of the equipment, maintenance, and operations.
[bookmark: _Toc453927676]Choosing the Most Appropriate Data Relay Method
The collection of hydrometric data in real-time, whether it be surface water or ground water provides numerous advantages for the operator. Datacollectedinreal-timefroma hydrometric network can be used to develop an understanding of current conditions, so decisionscanbemadewiththisbenefit. Other benefitsrelated to real-time telemetry include providing a continuous indication of each station’s operational status and by increasing public awareness of the network and associated support for the implementing agency . 
It is important that the user of hydrometric data not only specify the most appropriate sensors for measurement, but also a suitable data collection platform.    An important consideration when purchasing a data collection platform, such as a data logger, is to ensure that it supports common telecommunication radios.   Low priced data collection platforms, though sometimes very affordable, usually do not support a wide variety of data relay solutions.  The most advanced data collection platforms can support numerous real-time data relay solutions, and can often support multiple-path solutions, such as GSM and Satellite radios simultaneously.
Iftheseconsiderationsareadheredto,thentheapplicationofreal-timedatarelayis greatly simplified. In choosing the most appropriate real-timedata relay solution the user mustconsidertheimportanceofthevariousfeaturesofeachsolution.  Asummaryof these features is provided in following sections.
[bookmark: _Toc453927677]Availability
Availability hastodo withaninherentsystem designthatensuresacertaindegreeof operationalcontinuityoveragivenperiod. Disruptionsofthedatastream leadtolossof data. These disruptions often occur during events of hydrological significance, thus interrupting data flowwhenitismostneeded.   High availability solutions include satellite-based relay systems,suchasINSAT,wheretherelayisnotadversely affected by environmental conditionssuch as an extreme weather event, which may disrupt communications. GSM/GPRSis anexampleofaloweravailabilitysystem. Quiteoften in extremeweather eventsmobilephonecommunicationscansuffer from extendedoutageswherethereisan entirelossofavailability. GSM/GPRSisalsosharedbythepublic,soinemergencies, theseservicescanhaveavailabilityissuesbecauseoftheincreaseduseandloadplaced on mobile phone networks by the public.
Availabilityisusuallymeasuredasapercentageoftimethesystem canbeexpectedto operate over a given period of time. Thereisanincreasedcosttoachieveincreasingavailability. Highersystemavailability canalsobeachievedbyprovidingbackupcommunications. Someusers,suchasthose that have a public safety mission, usually have requirements for the highest availability.

[bookmark: _Toc453927678]Cooperationand Economy of Scale
Economic savings through cooperation among implementing agenciesis a very important consideration.  The decision by two agencies to settle on a common technology for telecommunications will often result in the leveraging of resources rather than the wasteful duplication of effort.  For instance, in HP-II, the BBMB has decided to use INSAT for real-time data relay.  This selection was easy because the catchment of the BBMB Rivers is located in very complex terrain (Himachal Pradesh) making any other solution prohibitive in both cost and support.  In addition, IMD has its network of ARG and AWS stations relaying real-time data through INSAT. Thisis a blessing for both BBMB and IMD, as now they willbeabletoshareeachother’sdatain real-time,eventhoughtheirstrategicmissions differ greatly. Apart from that, the CWC also usesINSATforreal-timedatarelaywhichis ofgreatinteresttoBBMB. Thisis an excellent exampleofatechnologybeing properly utilized to save resources and encourage data sharing.
Inaddition, multiplecooperatorssharingagiventechnologymeansthatthereisa built-insupportsystemamongsttheusersofthedata. Inthecaseof the previous example, BBMB, IMD, and CWC technicians can work together in solving telecommunication problems, and use each othersexperiences to enhance the robustness of the network.  This is not an insignificant consideration.
[bookmark: _Toc453927679]Cost (Initial purchase)
Theinitialcostof theinstallationof areal-timedatacollectionsystemcanvarygreatlybysolution.  This is one ofthe main attractions to using the mobile phone network (GSM/GPRS). Theinitialcostisrelativelysmall,providedthereis infrastructure (mobile phone network) available. Examples of systems that have very high initial costs include the use of any terrestrial radio systems in mountainous terrain where numerous communicationtowersneedtobeputinplace. INSATcanalsobeveryexpensiveif the user must purchase an INSAT ground station, which can be in excess of 80 Lakh Rupees. The VSAT systems have high initial equipment cost but do not require setting up an ERS. 
[bookmark: _Toc453927680]Data Distribution
Itisoftenanadvantagetoemployareal-timedatarelaysystem thatinherentlyprovides datadistributionthroughthemethoditusesto providedatarelay. Anexampleofthisis INSAT,wheredatafromallusersistransmittedfromspacetoallpointsinIndia. Allone needs is a satellite ground station. Examples of a system that provide low data distributionare GSM and VSAT.
[bookmark: _Toc453927681]Latency
Latencyinhydrometricdatasystemshastodowiththedelayfrom thetimethedatais measuredtothetimeitisreceived bytheuser. Institutionsthathaveapublicsafety missiongenerallyrequiretheleastlatency,as increasedlatencyreducestheleadtimeto reacttoagivensituation. Institutionsthataretaskedtomonitorflashfloods,tsunami,orother natural threats to the population and industry are examples of systemsthat require lowlatency.Mosthydrometricdatarelaysolutionshaveverylittledelayfrom thetimeof datacollectiontoreceptionbytheuser. This isstillaveryimportantquestiontoask vendors and a critical specification element.
[bookmark: _Toc453927682]Maintenance
Somehydrometric systemshave greater exposuretosubstantialmaintenanceissues. An exampleofthisisaterrestrialradiosystemthatreliesuponaseriesofradiotowerswhere equipmentismountedtofacilitate datarelay. Anexampleofalowmaintenancesolutionis inherentinmobilephonenetworksandtheINSATdatacollectionsystem. Ineachcase the equipment is maintained as part of the service.
[bookmark: _Toc453927683]Privacy
In some instances the monitoring agency may want to keep hydrometric information private.  This is not typically the case of most agencies operating hydrometric systems, as data is shared to avoid duplication of effort.    In the event that the hydrometric information needs to be kept private, the most effective solution is a fee service.
[bookmark: _Toc453927684]Recurring Cost (Use Fees)
Thereisan initialcosttoinstallingequipment,andarecurringcostofoperatingthe equipment. Somesolutionshaveuserfees,whileothersdonot. Forinstance, users employingthemobilephonenetworkmustpayfortheuseofthenetwork.  These expensescanbequitehigh,orevenworse, out of the control of the user. Changing telecommunication methods after the initial installation of equipment can be great, so it is incumbentupontheusertoconsiderrecurringfeesandtheuncertaintyofthecostof the technologyinthefuture. INSAThasnousefees,thusnorecurringcostsforthereal-timedata relay component of thehydrometric network operations.
[bookmark: _Toc453927685]Sustainability
Sustainabilityhasagreatdeal todowiththecomplexityofthesolutionthatisbeing utilized.  If a given user is the only one using a certain technology, then the challenges for sustainedoperationsaregreater. Ontheotherhandreal-timetelemetry solutionsshared among many cooperating agencies, lead to greatly improved sustainability.
Another element of sustainability is the control a user has over the technological solution beingused. For instance, using VSAT communication, the user is dependent on service provider for technology and support.
On the other hand, a technology such as INSATisanexampleofa highlysustainablesolutionbecauseofthecommitmentofISROtofundthis important component of the INSAT services. There are also likely thousands of platformstransmittingoverINSAT,whichwillassuretherewillbepressuretokeepthe data relay transponder in operation.  The following table (Table10.1) compares the features of each of the real-time data relay solutions described previously.




[bookmark: _Toc420068142]Table 10.1Relative performance of various real-time telemetry solutions

	Factor
	GSM/GPRS
	INSAT
	VSAT

	Availability
	Medium
	High
	High

	Cooperation & Economy of Scale
	Medium
	High
	Medium

	Cost (Initial)
	Low
	Medium
	High

	Data Distribution
	Low
	High
	Medium

	Latency
	Low
	Low
	Low

	Maintenance
	Low
	Low
	Medium

	Privacy
	High
	Low
	Medium

	Recurring Cost
	Medium
	Low
	High

	Sustainability
	Medium
	High
	Medium



Thedeterminationofwhichreal-timedatarelaytechnologyiscorrectforeach agencyisbasedon the importance of each one of the performance factors.


[bookmark: _Toc453927686]Wireless Radio Communication
During the design of the network and telemetry for the system, the situation may arise where none of the telemetry methods previously described are feasible. The example of one such situation is provided in the picture below (Figure 10.5). The power house is located ina narrow gorge with no GSM coverage in the area. Apart from that, the line of site to geo-stationary satellites is obstructed by mountains. 
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[bookmark: _Toc420068134]Figure 10.5 An example of site where telemetry is not feasible
Line of site radios could be a solution in such situations, where the sensor is located at the reservoir and the data logger is located at a point on the mountain, from where both the sensor and satellite have line of site. The wireless radio pair transmits the data from the sensor to the data logger, which is then transmitted to the server using the telemetry method employed.
Other situations where wireless data communication could be used are (Figure10.6) :
· Sensors are very far from data logger
· Multiple sensors in the area (surface water, ground water, climate)
· Other areas where using cable is prohibitive
· River Crossing
· Reservoir Structure (Pool elevation, river release, etc.)
[image: ]
[bookmark: _Toc420068135]Figure 10.6 Options for Wireless sensor to data logger communications
The other advantages of Wireless sensor communication include:
· Effective in combining sensors
· Saves cost of data logger/transmitter
· Effective in reducing long wire runs, or providing data collection where running wire is not feasible or possible
· Utilizes low power spread spectrum transmission frequency (similar to that used by portable phones)
· Operates on very low power at 12/24/48 Volts
This could be an effective choice when GSM coverage or Satellite line of sight is available at a nearby station but not available at other remote sensor location;  or the cost of radio pairs is lower than the combined cost of a data logger and telemetry device, allowing for clubbing two stations into one.


[bookmark: _Toc453927687]Specifications
[bookmark: _Toc453927688]Precipitation Measurement Instruments
[bookmark: _Toc453927689]Automatic Rain Gauge
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -5 to +50 Degree C

	Humidity
	5 to 100 %

	Altitude
	0 to 2000 meter

	Sensor

	Sensor Type
	Tipping Bucket reed switch

	Range
	0-250 mm/h

	Resolution
	0.5 mm

	Accuracy (Intensity)
	2 % or better

	General Features

	Output Interface
	SDI12/ RS 485 / Compatible with Data logger

	Material
	Corrosion Resistance Metal (Stainless steel/ Aluminum or PVC)

	Enclosure
	Ability to service tipping buckets without involving the re-leveling of the gauge.

	Protection
	NEMA 4 or IP65

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	Specific Features

	Collecting Funnel Diameter 
	200 mm or 8 Inch or equivalent

	Insect Screen
	Insect covers on all openings should be provided




[bookmark: _Toc453927690]Snow Depth Sensor
	Feature
	Units

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	Sensor Type
	Ultrasonic sensor

	Range
	0-10 meter

	Resolution
	1 mm  or better

	Accuracy
	0.25 % of measuring distance

	General Features

	Output Interface
	SDI12/ RS 485 / Compatible with Data logger

	Power Supply
	9-18 V DC

	Material
	Corrosion Resistance Metal (Stainless steel/  Aluminum or PVC)

	Enclosure
	NEMA 4

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required





[bookmark: _Toc420066794][bookmark: _Toc420068070][bookmark: _Toc453927691]Automatic Weather Station Instruments
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Temperature Sensor

	Sensor Type
	Resistance type Temperature Sensor

	Range
	-20 to 60 Degree C

	Resolution
	± 0.1°C

	Accuracy (Intensity)
	0.3°C or better

	Power Supply
	12 V DC or switch rated for 12 VDC

	Humidity Sensor

	Sensor Type
	Capacitive/ Solid State Humidity Sensor

	Range
	5 to 100 %

	Resolution
	0.5 Percent

	Accuracy
	±3% or better

	Power Supply
	12 V DC or switch rated for 12 VDC

	Wind Speed and Direction Sensor

	Sensor Type
	Ultrasonic sensor (No moving Parts)

	Range
	65m/s for speed ;
0–360 degrees for direction

	Resolution
	0.01 m/s for Speed; 
0.1 degree for Direction

	Accuracy
	0.2 m/s or 3% for wind speed;
+/- 2 degrees for direction

	Pressure Sensor

	Sensor Type
	Temperature Compensated

	Range
	800 - 1200 hPa

	Resolution
	 ± 0.01 hPa

	Accuracy
	 ± 0.5 hPa

	Power Supply
	12 V DC or switch rated for 12 VDC

	Solar Radiation Sensor

	Sensor Type
	Silicon photovoltaic detector

	Spectral Range
	400-1000 nm

	Range
	0-2000 W/Square meter

	Resolution
	1 W/Square meter

	Accuracy
	5% Including Temperature Compensation

	General Features

	Material
	Corrosion Resistance Metal (Stainless steel/  Aluminum or PVC)

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	Output Interface
	SDI 12/RS 485/ 4-20 mA/ Compatible with Data logger





[bookmark: _Toc453927692]Water Level Measurement Instruments
[bookmark: _Toc453927693]Shaft Encoder
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	(*) Sensor Type
	Shaft Encoder based rotary position sensor with Digital Display

	(*) Range
	1-100 meter

	(*) Resolution
	3 mm or less

	(*) Accuracy
	0.025 % FSO

	Output Interface
	SDI-12 / RS 485 / 4-20 mA / compatible with data logger

	Power Supply
	12 V DC or Switch rated for 12 V DC

	General Features

	Material
	Corrosion Resistance Metal (Stainless steel or Aluminum)

	(*) Enclosure
	Lockable (key) box provided by the supplier to be mounted in Stilling well or Gauge hut, with IP65 or NEMA 4 protection

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Graduated Tape
	The tape should be of high quality to withstand harsh and humid environment, should not get twisted or wrinkeled while operation.

	Accessories
	Sensor Mounting support, Floats, graduated tapes (metric), wheel, counterweight, and cabling




[bookmark: _Toc453927694]Radar
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	(*) Sensor Type
	Microwave non-contact sensor

	(*) Range
	30 meter

	(*) Resolution
	3 mm  or better

	(*) Accuracy
	0.02 % FSO

	Output Interface
	SDI-12 / RS 485 / 4-20 mA / compatible with data logger

	Power Supply
	10-15 V DC

	General Features

	Material
	Corrosion Resistance Metal (Stainless steel / Aluminum or PVC)

	Enclosure
	The Sensor shall be easy to dismount and replace in the event of malfunction.  

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	(*) Protection
	NEMA 4 or IP64





[bookmark: _Toc453927695]Ultrasonic Sensor
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	(*) Sensor Type
	Ultrasonic non-contact sensor

	(*) Range
	10 meter

	(*) Resolution
	3 mm  or better

	(*) Accuracy
	0.02 % FSO

	Output Interface
	SDI-12 / RS 485 / 4-20 mA / compatible with data logger

	Power Supply
	10-15 V DC

	General Features

	Material
	Corrosion Resistance Metal (Stainless steel / Aluminum or PVC)

	Enclosure
	The Sensor shall be easy to dismount and replace in the event of malfunction.  

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	(*) Protection
	NEMA 4 or IP64





[bookmark: _Toc453927696]Bubbler
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	(*) Sensor Type
	Continuous bubbling system and non-submersible transducer

	(*) Range
	15 PSI

	(*) Resolution
	3 mm @ 15 PSI  or better

	(*) Accuracy
	0.02 % FSO

	Output Interface
	SDI-12 / 4-20 mA / RS485, compatible with Data logger

	Power Supply
	11 to 15 V DC

	Average current Draw
	<15mA based on 1 bubble per second

	Purge
	Manual line purge

	Bubble Rate
	Programmable 30–120 bubbles per minute

	(*) Desiccator
	The bubbling mechanism and the non-submersible transducer must be equipped with a desiccating system to keep system from malfunction for a period not less than 6 months.

	General Features

	Tools
	Complete tool kit for installation and routine maintenance

	Manuals
	Full documentation and maintenance instructions in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	(*) Enclosure
	NEMA4 or IP64



[bookmark: _Toc453927697]Pressure Transducer
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor

	(*) Sensor Type
	Pressure Sensor

	(*) Range
	30 meter

	(*) Resolution
	3 mm  or better

	(*) Accuracy
	0.02 % FSO

	Output Interface
	SDI-12 / RS 485 / 4-20 mA / compatible with data logger

	Power Supply
	10-15 V DC

	General Features

	Material
	Corrosion Resistance Metal (Stainless steel / Aluminum or PVC)

	Enclosure
	The Sensor shall be easy to dismount and replace in the event of malfunction.  

	Tools
	Complete tool kit for operation and routine maintenance

	Manuals
	Full Documentation and maintenance manual in English

	Accessories
	Sensor Mounting support, cables and other accessories as required

	(*) Protection
	NEMA 4 or IP64
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[bookmark: _Toc453927699]ADCP
	Feature
	Value

	Site Conditions

	Ambient Temperature
	-5 to 45 Degree C

	Humidity
	5-100 %

	Altitude
	0-5000 meter

	Sensor

	ADCP Type
	Broadband ADCP for measurement of discharge in open channel environment

	Profiling Range
	0.5–60m

	Profiling Velocity
	+/-20 m/s

	Velocity Accuracy
	0.25% of measured velocity

	Velocity Resolution
	0.001m/s

	Depth Range
	0.3-80 m

	Depth Accuracy
	1%.

	Depth Resolution
	0.001 m

	Positioning
	Optional capability to acquire position by bottom tracking or integrated GPS.

	Computations
	All performed internally or on Windows-based software (supplied)

	Accessories

	Platform
	Floating platform for tethered ADCP deployment

	Positioning
	GPS for positioning

	Tethers
	All necessary tethers and taglines 

	Software
	Windows-based software for display of velocity, discharge, depth, and width information in real-time.

	General Features

	Tools
	Complete tool kit for installation and routine maintenance

	Manuals
	Full documentation and maintenance instructions in English




[bookmark: _Toc453927700]Side-looking ADVM (for 5, 20, and 120m range instruments)

5 Meter Range
	Feature
	Value


	ADVM (5.0 m)
	Side-looking ADVM for index-velocity method of determining discharge in an open channel.

	Sampling Range
	0.1 – 5.0 m

	Velocity Range
	+/- 7.0 m/s

	Velocity Accuracy
	 +/- 1.0 % of measured velocity

	Velocity Resolution
	0.0001 m/s

	Depth Range
	0.1 - 5.0 m

	Depth Accuracy
	3.0 mm

	Power consumption
	1.0 W

	Operating temperature
	 -5 to 60oC

	Non-volatile memory
	4GB

	Communications
	RS232 and SDI-12

	Accessories
	 

	Tools and manuals
	Complete tool kit for installation and routine maintenance

	
	Full documentation (wiring diagrams) and maintenance instructions in English 





20 Meter Range
	Feature
	Value


	ADVM (20.0 m)
	Side-looking ADVM for index-velocity method of determining discharge in an open channel.

	Sampling Range
	0.2 – 20.0 m

	Velocity Range
	 +/- 7.0 m/s

	Velocity Accuracy
	 +/- 1.0 % of measured velocity

	Velocity Resolution
	0.0001 m/s

	Depth Range
	0.15 - 10.0 m

	Depth Accuracy
	3.0 mm

	Power consumption
	1.0 W

	Operating temperature
	 -5 to 60oC

	Non-volatile memory
	4GB

	Communications
	RS232 and SDI-12

	Accessories
	 

	Tools and manuals
	Complete tool kit for installation and routine maintenance

	
	Full documentation (wiring diagrams) and maintenance instructions in English 





120 Meter Range

	Feature
	Value


	ADVM (120.0 m)
	Side-looking ADVM for index-velocity method of determining discharge in an open channel.

	Sampling Range
	1.5 – 120.0 m

	Velocity Range
	  +/- 6.0 m/s

	Velocity Accuracy
	 +/- 1.0 % of measured velocity

	Velocity Resolution
	0.001 m/s

	Depth Range
	0.2 - 18.0 m

	Depth Accuracy
	6.0 mm

	Power consumption
	1.0 W

	Operating temperature
	 -5 to 60oC

	Non-volatile memory
	4GB

	Communications
	RS232 and SDI-12

	Accessories
	 

	Tools and manuals
	Complete tool kit for installation and routine maintenance

	
	Full documentation (wiring diagrams) and maintenance instructions in English 





[bookmark: _Toc453927701]Up-looking ADVM
	Feature
	Value


	ADVM (5.0 m)
	Up-looking ADVM for index-velocity method of determining discharge in an open channel.

	Sampling Range
	0.1 – 5.0 m

	Velocity Range
	+/- 7.0 m/s

	Velocity Accuracy
	 +/- 1.0 % of measured velocity

	Velocity Resolution
	0.0001 m/s

	Depth Range
	0.1 - 5.0 m

	Depth Accuracy
	3.0 mm

	Power consumption
	1.0 W

	Operating temperature
	 -5 to 60oC

	Non-volatile memory
	4GB

	Communications
	RS232 and SDI-12

	Accessories
	 

	Tools and manuals
	Complete tool kit for installation and routine maintenance

	
	Full documentation (wiring diagrams) and maintenance instructions in English 
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	Feature
	Value

	Site Conditions

	Ambient Temperature
	-5 to 45 Degree C

	Humidity
	5-100 %

	Altitude
	0-5000 meter

	Multi parameter Sonde

	Ports
	6 or more

	Response Time
	<90 s

	Output
	SDI-12, RS-232

	Depth

	Accuracy
	0.003 m

	Resolution
	0.001 m

	Range
	0 to 60m

	Conductivity

	Accuracy
	 +/- 3% FS or 5μS/cm

	Resolution
	 

	Range
	 0 - 100 μS/cm

	Dissolved oxygen (optical)

	Accuracy
	 +/- 5% reading 
or +/- 0.2 mg/L

	Resolution
	0.01 mg/L

	Range
	0 to 50 mg/L

	Sensor Cleaning
	Automated sensor cleaning mechanism

	Temperature

	Accuracy
	 +/- 0.2oC

	Resolution
	0.2oC

	Range
	 -5 to 45o C

	Turbidity

	Accuracy
	 +/- 5% reading or 2 NTU

	Resolution
	1 NTU

	Range
	0 to 1000 NTU

	Sensor Cleaning
	Automated sensor cleaning mechanism

	pH

	Accuracy
	 +/- 0.2 pH units;  +/- 1.0 mV

	Resolution
	0.01 pH unit; 0.1 mV

	Range
	2 - 12 pH units (minimum) ; 0-14 pH units (Preferred)

	General Features

	Tools
	Complete tool kit for installation and routine maintenance

	Manuals
	Full documentation and maintenance instructions in English
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[bookmark: _Toc453927705]Groundwater Level Sensor and Transmitter
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +60

	Humidity
	5-100 %

	Altitude
	0-5000 meter

	Sensor

	Sensor Type
	Submersible pressure transducer with atmospheric pressure and temperature compensation

	Range
	30 psi

	Accuracy
	0.1% FSO

	Resolution
	3 mm

	Input Power
	10-16 VDC

	Non-Vented Cable
	Includes barometric sensor for post-processing

	Output
	SDI-12, RS-485

	Data logger

	Internal Memory
	32 mb

	Battery Voltage Monitoring
	Monitoring and transmission of Battery Voltage level

	Data logger Location
	If Data logger and transmitter are integral parts of sensor, it should be located on top (near ground surface) instead of bottom

	GSM / GPRS Transmitter

	Performance
	Data Reception availability of 95% or better

	Communication Direction
	Utilize GPRS network for two-way TCP/IP (INTERNET) connection

	VPN protocol
	Radio to utilize VPN protocol

	Transmission trigger
	Data collection to be triggered by interrogation from Data Center, or by event based transmission triggered by remote site

	Power Saving
	Ability to disable interrogation system in order to save power at remote site

	Communication Protocol
	Data transmission to execute HTTP Post or FTPS to transmit data to the Data Center

	Accessories
	All associated equipment, including Antenna all cables and mounting hardware

	Software

	Operating System
	Windows software for system configuration,  transfer and analysis of data to computer

	Version
	English language version

	License
	All required licenses included

	General Features

	Battery
	The battery should be easy to replace, and easily available in the market

	Tools
	Complete tool kit for installation and routine maintenance

	Manuals
	Full documentation and maintenance instructions in English
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[bookmark: _Toc453927707]GSM / GPRS
	Feature
	Value

	Operating Temperature
	From -20 to +60

	Performance
	Data Reception availability of 95% or better

	Form factor
	The Transmitter should either be integral part of data logger specified above, or it should be supplied as independent unit compatible with supplied data logger

	Specific Features

	Communication Direction
	Utilize GPRS network for two-way TCP/IP (INTERNET) connection

	VPN protocol
	Radio to utilize VPN protocol

	Transmission trigger
	Data collection to be triggered by interrogation from Data Center, or by event based transmission triggered by remote site

	Power Saving
	Ability to disable interrogation system in order to save power at remote site

	Communication Protocol
	Data transmission to execute HTTP Post or FTPS to transmit data to the Data Center

	Accessories
	All associated equipment, including Antenna all cables and mounting hardware





[bookmark: _Toc453927708]INSAT Radio
	Feature
	Value

	Operating Temperature
	From -20 to +60

	EnvironmentRelative Humidity
	0 to 100 %

	Career Frequency
	402 - 403 MHz

	Output Power
	3-10 W, user settable

	Data Bit Rate
	4.8 kbps

	Antenna cable 
	LMR 400 grade or better

	Performance
	Data Reception availability of 99% or better

	Form factor
	The Transmitter should either be integral part of data logger specified above, or it should be supplied as independent unit compatible with supplied data logger

	Yagi Antenna

	Polarization
	LHCP or RHCP, switchable in field

	Gain
	Minimum 11 dbi or better

	Center Frequency
	402-403 MHz

	Mounting
	Proper mounting and Pointing arrangement for 360 degree azimuth and elevation adjustment

	Operating Wind speed
	250 kmph

	Wind Survival
	300 kmph

	Material
	Rust-proof and Oxidation-proof

	Specific Features

	Satellite System
	INSAT Radio System to be Used on the INSAT Satellite operated by ISRO

	Certification
	Certificate of acceptance required by ISRO and/or IMD as part of the bid package

	Demonstration in India
	Demonstrated use of the satellite radio with at least 200 radios in current operation in India using INSAT

	Accessories
	All associated equipment, including GPS, GPS Antenna, INSAT Antenna, all cables and mounting hardware



[bookmark: _Toc453927709]VSAT Trans-receiver
	Feature
	Value

	Operating Temperature
	From -20 to +60

	Antenna cable 
	LMR 400 grade or better

	Performance
	Data Reception availability of 99% or better

	Specific Features

	Communication Direction
	VSAT Radio system to allow two-way communication system between Data Center and remote station

	Single Hop
	VSAT communication will be direct link, and use the internet or any surface based topology for data communication (i.e. leased lines)

	Bandwidth Sharing
	VSAT bandwidth will be able to be shared among all stations

	Alarm Conditions
	VSAT remote stations shall be able to transmit based on alarm conditions at the remote site such as critical water level or exceptional precipitation events

	Accessories
	All associated equipment, including Antenna all cables and mounting hardware
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[bookmark: _Toc453927711]Data Logger for stations with one or two sensors
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +50 Degree C

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor Interface

	Analogue / Digital Inputs
	2 Input channels for interface with sensor, as required for communication with sensor

	Input - Output Interfaces

	Data Transfer
	USB stick option for Data transfer

	Port for Configuration
	One Serial Port (RS232) for communication with Laptop or programming

	Port for Telemetry
	Port for Communication with Telemetry Device (GSM/VSAT/INSAT) as specified

	Computer Software

	Operating System
	Windows software for system configuration / communication

	Version
	English language version

	Licenses
	All required licenses included

	General Features

	Flash memory
	Non-volatile Flash memory that can one store year of data and expandable to a minimum of 1GB.

	Resolution
	A/D resolution ≥16 bit

	Recording Interval
	Individual recording intervals for each sensor/parameter

	Firmware Operating System
	Multi-tasking operating system - must log data and transmit at same time

	Display
	Digital Display for viewing current data and setting values

	Power Supply
	Power supply 12V DC, low current drain (quiescent ≤10.0mA)

	Battery Voltage
	Monitoring of battery voltage level

	Internal battery
	Internal battery backup for clock

	User Permissions
	Different user levels, system of user rights / passwords, access restricted to authorized personnel

	Internal clock
	Internal clock with drift less than 2 seconds per day or using GPS

	System integrity
	System integrity check procedures

	Enclosure
	for wall-mounting in a shelter / enclosure with IP65 (NEMA 4) protection or better

	Accessories
	Serial cable + adaptor (if required) for notebook connection. All accessories (fixing units, etc.) as required

	Tools
	complete tool kit for installation and routine maintenance giving full detail( number of pieces and type) 

	Manuals
	Full documentation and maintenance instructions in English (1 copy per station).






[bookmark: _Toc453927712]Data Logger for stations with multiple sensors
	Feature
	Value

	Site Conditions

	Ambient Temperature
	From -20 to +50 Degree C

	Humidity
	5 to 100 %

	Altitude
	0 to 5000 meter

	Sensor Interface

	Analogue Inputs
	8 Analogue Input Channels

	SDI Port
	One SDI-12 Interface port

	Digital Inputs
	6 Digital Channels, bidirectional

	Pulse Input
	2 Input for Rain Gauge impulse

	Input - Output Interfaces

	Data Transfer
	USB stick option for Data transfer

	Port for Configuration
	One Serial Port (RS232) for communication with Laptop or programming

	Port for Telemetry
	Port for Communication with Telemetry Device (GSM/VSAT/INSAT) specified below

	Computer Software

	Operating System
	Windows software for system configuration / communication

	Version
	English language version

	Licenses
	All required licenses included

	General Features

	Flash memory
	Non-volatile Flash memory that can one store year of data and expandable to a minimum of 1GB.

	Resolution
	A/D resolution ≥16 bit

	Recording Interval
	Individual recording intervals for each sensor/parameter

	Firmware Operating System
	Multi-tasking operating system - must log data and transmit at same time

	Display
	Digital Display for viewing current data and setting values

	Power Supply
	Power supply 12V DC, low current drain (quiescent ≤10.0mA)

	Battery Voltage
	Monitoring of battery voltage level

	Internal battery
	Internal battery backup for clock

	User Permissions
	Different user levels, system of user rights / passwords, access restricted to authorized personnel

	Internal clock
	Internal clock with drift less than 2 seconds per day or using GPS

	System integrity
	System integrity check procedures

	Enclosure
	for wall-mounting in a shelter / enclosure with IP65 (NEMA 4) protection or better

	Accessories
	Serial cable + adaptor (if required) for notebook connection. All accessories (fixing units, etc.) as required

	Tools
	complete tool kit for installation and routine maintenance giving full detail( number of pieces and type) 

	Manuals
	full documentation and maintenance instructions in English (1 copy per station).
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	Feature
	Units

	Battery

	Voltage
	From -20 to +60

	Type
	Sealed Maintenance free

	Capacity
	Based on site conditions and Telemetry method, to provide 21 days of backup

	Solar Panels

	Size
	Based on Site conditions and Telemetry method used for 21 days of backup

	Mounts
	The mounts should be sturdy in design; the solar panel should not move or rotate with wind. It should have provision to adjust direction and elevation during installation for optimal solar power generation

	Charger
	Smart solar charger with protection

	General

	The supplier should determine optimal size of solar panels and batteries, such that system should be operational for at least 21 days in the absence of charging
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Services and other related agencies may be
required to collect and archive. Different coun-
tries have different priorities that depend on their
level of economic and social development, the

- -
greatest total value;

(d) Other forms of information that are compatible

with and can be analysed with water resources
information should be available;

Table 1.2.1. Hydrological Information required for water resources projects

Hater levels River flow Sediment Hater quality

Hater projects tme  max min tme max mn  tme max mn  tme max min
series series series series
MMM HoOH H HoM M H oM oM

(diversions,intakes,

canals)

Redistribution of water M M M HoOH H HoM M H oM oM

in time (reservoirs)

Energy production HoM M Ho M H HoM M MMM

(hydropower, waste

heat disposal)

Water confiners (dams, ~ H  H M Mo H M M MM MMM

flood banks)

Water relievers (spill Mo H M HoH M M

ways)

Quality improvements Ho M H M MM H o OH OH

(water and sewage

treatment)

Zoning (flood plain, HoOoH oM M H oM M

Scenic ivers)

Insurance (flood Ho W HoH HoOH

damage, water quality

damage)

Fowandlevelforecasts  H  H  H HoOH H

(flood control,reservoir

operation)

Standards and M H OH M H H H o OH OH

legislation (water

quality)

* Water-quaity parameters are diverse depending on the type of project.
M = Medium level of priority

H = High level of priorty
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Principles of Operation Section 5

sonde software to provide readings in nephelometric turbidity units (NTUs). A schematic of a YSI
turbidity sensor is shown in the following picture

Light Source

Near Infrared
Photodetector

Optical Fiber

Trwo turbidity probes have been available for use with YSI 6-scries sondes — the 6026 and the 6136. The
6026 probe is no longer available from YSI, but since a large number of this probe type are still in use, a
description of the sensor will be included in this scction. The probes are detailed bricfly below; both are
cquipped with a mechanical wiper to periodically clean the sensor cither by manual or automatic activation.
These wiper systems make the probe ideal for long term monitoring, but they also work well for spot
sampling applications.

The Model 6026 probe was offered by YSI from 1995 to approximately 2002 and is characterized by
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