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THE COMMISSION FOR OBSERVATION, INFRASTRUCTURE AND INFORMATION SYSTEMS,
Recalling Decision 15 (EC-75) – Concept note on the designation of technical commissions for approval of non-regulatory publications,
[bookmark: _Hlk113620820]Having examined the draft Guidelines for Conducting and Reporting on the Verification and Calibration of Discharge Measurement Instruments provided in the annex to this recommendation,
Noting that the draft has been reviewed by the expert in JET-HYDMON, ET-SSM and Editorial Board,
Adopts the current draft Guidelines for Conducting and Reporting on the Verification and Calibration of Discharge Measurement Instruments provided in the annex to this draft decision,
Requests the Secretary-General to take the necessary steps to finalize and publish the draft Guidelines for Conducting and Reporting on the Verification and Calibration of Discharge Measurement Instruments.
_______
Decision justification:	The guidelines are the outcome of an activity carried out by the Project “Assessment of the Performance of Flow Measurement Instruments and Techniques (Project X)” within the framework of the SC-MINT workplan. These Guidelines will be part of the World Meteorological Organization (WMO) Regulatory Material, namely the Quality Management Framework – Hydrology.
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1. [bookmark: _Toc113893246][bookmark: _Toc113893337][bookmark: _Toc113893439]Introduction

Under the World Meteorological Organization (WMO) Project “Assessment of the Performance of Flow Measurement Instruments and Techniques”, one output of the Project focuses on the development of guidelines for conducting and reporting results of flow instrumentation calibration and performance tests on instruments and techniques.

The focus of this guidance is on field measurement instruments used to determine flow (including velocity meters, depth sensors, current profilers), and to develop documentation providing general guidance about their verification and calibration. The goal is to give valuable information to National Hydrological Services (NHSs), to share information and to compare the results of the evaluations performed by different institutions, while accepting that each NHS has its own instrument needs, testing methodologies, performance specifications/standards, and internal reporting requirements.

2. [bookmark: _Toc113893247][bookmark: _Toc113893338][bookmark: _Toc113893440]GENERAL
As technology evolves, instruments for flow measurements become more and more sophisticated and the knowledge required for their optimal use is more and more demanding. Regular verification and calibration of these instruments should be a priority of each NHS. The calibration of these devices often requires sending the instrument to calibration laboratories, however, the process of shipping the instrument could cause additional problems and drifts due just to the movement of the instruments. In situ verifications or/and on-site calibrations is an alternative activity to calibrations in laboratory and these on-site activities are also suitable for controlling the quality of the measurements.
2.1 [bookmark: _Toc113893248][bookmark: _Toc113893339][bookmark: _Toc113893441]Institutional Background Specifications
Every NHS has different possibilities in accessing testing and/or calibrating laboratory, collaborating with local distributor or even communication with instrument manufacturer in case of service problems (failed instruments, damages, SW errors). This and many other factors should be considered and this document provides a fit to purpose guidance according to specific conditions of the NHS. New instrument testing, terms of guarantee, in-house solutions, regular verifications, etc. are the most important factors that should be included in a comprehensive instrument quality assurance plan. For the most of NHSs economic situation is the most limited factor, but even historical structure of the organization or regional and logistical circumstances can influence their approach of verification and calibration.
[image: ]
Fig. 1: Suggested possible solutions according to specific conditions and specific needs. The graph explains that the higher the NHSs budget is, the larger the investment in external services is. Example: Buying contract involves guarantee that any service, verification and calibration is covered by manufacturer and user takes care only of proper maintenance. Such an approach brings long-term instrument reliability and effectivity but for high costs.
2.2 [bookmark: _Toc113893249][bookmark: _Toc113893340][bookmark: _Toc113893442]Instruments Performance Expectations
Figure 1 is also useful to smaller institutions than NHSs, like the ones who use flow instruments for business purposes for a limited period of time. In these cases, the institutions can consider the regular verifications of the instruments for the assurance of the long-term reliability. This is due the fact, that it is expected, new instrument will work sufficiently during its basic guarantee period. Users can rely on manufacturer specifications, tutorial interface and implemented ISO certification for outputs, but without initial calibration overall reliability of the instrument data collection might be affected.
In case of limited accessibility to testing laboratory, internal intercomparisons, on-site verifications and/or on-site calibrations might be a good benefit cost ratio practice. In the case of intercomparisons, they can be carried out under laboratory conditions, or in channels with a characterized flow profile, depending on the required uncertainty.
3. [bookmark: _Toc113893250][bookmark: _Toc113893341][bookmark: _Toc113893443]PRELIMINARY NOTE ON DEFINITIONS

Confusion has often resulted from lack of clarity over the correct definition of terminology applied to testing, calibration and verification of measuring sensors and instruments. A short listing of more common terms is contained in publication Guide to Instruments and Methods of Observation Part IV; Section 4.1.1. However, the ultimate authority lays with the Bureau International des Poids et Mesures (BIPM) and these are laid down in the publication Joint Committee for Guides in Metrology (JCGM) 200 (2012) International Vocabulary of Metrology – Basic and general concepts and associated terms (VIM, 2012)

In particular, there is often confusion about the relationship between calibration and adjustment. Likewise, the processes of calibration and verification can also be confused. For the purpose of the following discussion, the definitions, of the VIM, are stated below:


Calibration: operation that, under specified conditions, in a first step, establishes a relation between the quantity values with measurement uncertainties, provided by measurement standards, and corresponding indications with associated measurement uncertainties and, in a second step, uses this information to establish a relation for obtaining a measurement result from an indication.

Calibration, therefore, is a process, carried out under (generally, tightly) specified conditions, to compare the indicated value from the unit-under-test (UUT) with the best known value of the “true value” of the measurand – subject to the uncertainties associated with the measuring standards that provide this “true value”, the uncertainties associated with the measurement of the indicated value provided by the UUT and uncertainties associated with the calibration process.

Adjustment: set of operations carried out on a measuring system so that it provides prescribed indications corresponding to given values of a quantity to be measured.

Adjustment, therefore, is a procedure, generally carried out after calibration, to obtain a better correspondence between the indicated value of the UUT and the “true value” of the quantity. A second calibration is needed once adjustment has been completed.

Verification: provision of objective evidence that a given item fulfils specified requirements e.g. that a target measurement uncertainty can be met.

It is obvious, therefore, that Verification is not equivalent to Calibration,

Finally, confusion can also be present, on the part of persons, lacking a metrological background, as to the correct meaning of measurement uncertainty. This can be confused with tolerance range. In the context of the current discussion, measurement uncertainty is associated with the measurement being undertaken. It is an estimate of the range of values that the indication may take, that are plausible representations of the measurand. In simple terms, it expresses the range of values that the instrument may provide, any of which can be taken as valid representations of the “true value”. Measurement uncertainty is normally expressed in terms of a probability distribution, with the limiting values set by a defined threshold of probability. A small uncertainty estimate is normally associated with measurements carried out under tightly controlled conditions, with high quality reference standards and suitable, complementary measuring equipment, such as may be found in a well-equipped calibration laboratory.
Measurement uncertainty should not be confused with tolerance interval, which is associated with the acceptable error that is allowed for an instrument or sensor to be suitable for deployment in the network. Tolerance intervals are normally defined to allow acceptance of a realistic proportion of the equipment inventory as suitable for use in the network, and also on the quality of data that is acceptable to the user of the observations being made.

The tolerance interval is defined in terms of the upper and lower limits of the range of permissible indications that the instrument or sensor will provide, for a given measurand, which have been specified as acceptable representations of the measurement value.

A thorough discussion of tolerances and of conformance to specification, is contained in JCGM 106 (2012) Evaluation of measurement data - The role of measurement uncertainty in conformity assessment. A quicker guide is contained in Publication G8:2019 of the International Laboratory Accreditation Cooperation Organization (ILAC)

	Summary of Main Differences Between Verification and Calibration

	
	Verification
	Calibration

	Operations in Laboratory
	Purpose: Confirmation that performance properties or requirements of a measuring system are achieved.
Characterization and understanding of UUT response: identification of possible malfunctioning/problems.


Method: Check against laboratory instruments and equipment (climatic chamber)


Range: one or few points included in the operating range, including extremes.


Procedure: must be documented including uncertainty of instruments and characterization of equipment


Delivers: validation report on UUT status and meet/do not meet the corresponding requirements, e.g. target uncertainty
+ identification report of technical problems if any



	Purpose: establishes a relation between the quantity values with measurement uncertainties provided by measurement standards and corresponding UUT indications with associated measurement uncertainties


Method: perform calibration of the UUT, by means of traceable standards under controlled laboratory conditions


Range: the whole operating range expected to be met by the UUT in-field


Procedure: must be standard and documented


Deliver: calibration certificate with the corresponding complete uncertainty budget.








	Operations On-Site
	Purpose: Confirmation that performance properties or requirements of a measuring system are achieved.





Method: check UUT readings against a traveling traceable instrument (thermometer, portable barometer) or an absolute quantity generator (portable barometric chamber, ice bath)


Range: one or few point included in the operating range.


Procedure: must be documented including uncertainty of check instrument and system


Delivers: validation report on UUT status and meet/do not meet the corresponding requirements, e.g. target uncertainty


	Purpose: establishes a relation between the quantity values with measurement uncertainties provided by measurement standards and corresponding UUT indications with associated measurement uncertainties


Method: perform calibration of the UUT, by means of traceable standards under characterized conditions (environmental effect on reference instrument and traveling system must be included in uncertainty budget)


Range: the whole operating range expected to be met by the UUT in-field





Procedure: must be agreed and documented, with full documented traceability and characterization of equipment


Delivers: calibration certificate with complete uncertainty budget (expected larger uncertainty with respect to laboratory calibration)





4. [bookmark: _Toc113893251][bookmark: _Toc113893342][bookmark: _Toc113893444]SPECIFICATIONS FOR PERFORMANCE VERIFICATION

In order to establish protocols for analysing the performance of equipment or instruments used by NHS in its program, there must be a deep understanding about the technology and algorithms used by the instrument. The NHS must also know how it will be used for flow determinations and under what conditions. With this information, the NHS has a better idea of the functional expectations for an instrument, and from that, it can establish “fit for purpose performance specifications” considering the real operational needs and standards of the NHS. In cases of managing many different instruments, establishing one or more instrument specialists is very helpful. This position(s) should be responsible for coordinating in-house verification processes and their evaluation and manage a database for all instrument tests.
4.1 [bookmark: _Toc113893252][bookmark: _Toc113893343][bookmark: _Toc113893445]Performance Specifications

Instrument performance specifications can be captured in three main categories: performance bounds (see point 4.1.1), technical and operational, and environmental conditions. Performance specifications for any type of instrument – data loggers, pressure transducers, shaft encoders, acoustic Doppler velocimeters (ADVs), acoustic Doppler current profilers (ADCPs), etc. - can be derived from the list below as a function for the type and use of the instrument. This also derives the classification of the below components as mandatory or non-mandatory in the verification of the instrument. See Appendix 1 for an example of a NHS ADCP specification.
4.1.1 [bookmark: _Toc113893253][bookmark: _Toc113893344][bookmark: _Toc113893446]Instrument Performance Elements
Some examples of key elements for each of the three main categories of instrument specifications are summarized below. The definitions of most of these terms are provided in the Definitions section at the end of the document (VIM, 2012).
Performance Bounds
· Measurement accuracy
· Resolution
· Indication interval
· Range of a nominal indication interval
· Measuring interval
· Instrumental drift
· Step response Time
· Clock Accuracy

Technical and Operational:
· Power Requirements
· Electromagnetic Interference
· Surge Protection, Transient Voltages and Currents
· Memory Protection and EEPROM (Electrically Erasable Programmable Read-Only Memory)
· Programming Interface, Firmware and Software, Upgradability
· Sensor Management
· Data Storage
· Data Handling
· Output Data
· Telecommunications
· Satellite Transmitting Antenna
· Input/Output Ports
· Connectors & Cables
· Shaft Encoder Float Pulley Assembly
· Shaft Diameter
· Shaft Rotation & Starting Torque
· Data Acquisition Integrity/Quality Assurance/Quality Control Routines
Environmental influences:
· Operating Temperatures range
· Relative Humidity & Moisture range
· Thermal and Mechanical Shock (transportation & storage)
· Vibration
· Solar Radiation (for outdoor mounted equipment)
· Wind (for outdoor mounted equipment)
· Sand & Dust
· Ice Accreditation
· Corrosion Protection
· Ingress Protection Code (IP)
4.2 [bookmark: _Toc95823156][bookmark: _Toc97033617][bookmark: _Toc97206228][bookmark: _Toc113893254][bookmark: _Toc113893345][bookmark: _Toc113893447]Initial Performance Verification

The defined instrument performance specifications in combination with the requirements stablished by the NHS, at national level, and/or by international standards should be initially checked, following validated protocols.

There are two general approaches that a NHS can take for initial performance verification:

(a) conduct verifications to check the instrument meets the defined performance specifications by NHS;
(b) conduct verifications to check the instrument meets the manufacturer’s stated specifications.

The Approach A confirms that the instrument meets the NHS program needs and requirements regarding the optimal quality control of the instrument during its use.

The Approach B confirms that the instrument behaves as stated by the manufacturer.
4.3 [bookmark: _Toc113893255][bookmark: _Toc113893346][bookmark: _Toc113893448]Verification Assessment
Verification for Approaches A or B can be conducted by the NHS, or through other companies equipped with the necessary equipment to perform the needed tests and attain the appropriate results, like the accredited laboratories.

As stated by VIM, verification is the provision of objective evidence that a given item fulfils specific requirements. Some of these requirements are evaluated by the testing of the instruments. The requirements and the corresponding tests are sometimes included in standards, developed by standardization bodies, like ISO. The fulfilment of requirements can also imply several tests, described in different standards.
4.3.1 [bookmark: _Toc113893256][bookmark: _Toc113893347][bookmark: _Toc113893449]Approach A:
The verifications to be performed in Approach A should simulate actual operational conditions to the extent possible, including any unusual, extreme or unique conditions that may be encountered during operation (e.g., temperature/humidity/power conditions, smooth roll-over for leap year; specific mathematical operations for QA/QC, etc.). Typically, the tests involved in these verifications are described in validated protocols developed by the NHS. Despite this fact, some of these protocols are based on National or International standards.

For some new technologies, such as ADCPs, performance verification is much more complex. Selected performance elements, as suggested above, can be easily verified through simple tests, while others, especially those related to the soundness of the measured and calculated parameters (e.g., depth, velocity, discharge) require significant and ongoing investment in time, effort, and bilateral discussions with the manufacturers and other instrument users. For some new technologies, which are replacing long established technologies (e.g., ADCP versus mechanical current meters), the verification of the performance is often demonstrated theoretically, but for the NHS experimental verification is usually required, often through measurement comparison against the already established technology, and/or between various instruments based on complex and sophisticated technologies. Typically, this is done with a measurement procedure strongly validated to ensure consistency and repeatability, and it is usually done under controlled environments, such as tow tanks, or in natural settings where each instrument under validation is subjected to the same conditions (e.g. instrument intercomparisons). The evaluation of the uncertainties involved in these comparisons and calibrations should be based on contribute (Guidelines of the JCGM 101, 2008; JCGM 106, 2012).

The comparison of ADCP instruments by regattas is a very practical tool for the verification of ADCP instruments. It is possible to use only two (4 and more is optimal) ADCPs for comparison with each other within several parameters (flow, velocity, area, width) but the comparison of a higher number of instruments implies a more complex and rigorous evaluation. Results from regattas usually have higher uncertainties due to the variation of the environmental factors as influence is under lower control. Despite this fact, the selection of the proper river, typically wide, deep enough, and uniform flow patterns in the whole profile, will usually provide enough measurements suitable for the intercomparison. This intercomparison usually involves a lot of organization effort but the benefit for NHS is found in lower economical demands, test results corresponding to conditions where instruments are ordinary used, and in addition, such meetings can be beneficial due operators experience exchange. There are several NHS (France, Czech Republic, New Zealand), which conduct regattas regularly, but with minor differences in processing and evaluation procedures according to the different purposes and instruments involved.

Given the relative newness of, and more recently, the frequent upgrades and changes to, acoustic technologies in riverine environments, NHS’s around the world have spent significant effort in exploring different ways to verify and validate this technology and ensure the robustness of the procedures. The communication between NHS’s staff for the exchange of information, such as testing and validation procedures and results is growing. This exchange occurs through user forums, conferences hosted by manufacturers and the user community, and websites, such as the one hosted by the USGS Office of Surface Water (https://hydroacoustics.usgs.gov/), where information is available to the global community. Not only sharing experiences and problems is beneficial to all users, but manufacturers can use user feedback to improve software and hardware.
4.3.2 [bookmark: _Toc113893257][bookmark: _Toc113893348][bookmark: _Toc113893450]Approach B:
For Approach B, the validation agency should have the appropriate instrumentation as well as a set of validated guidelines that are adaptable to a variety of instruments, to provide proper and full validation of the instruments according to all the individual manufacturer’s specifications.
The USGS Hydrologic Instrumentation Facility (HIF) is one agency that conducts instrument validation similar to Approach B. It regularly issues reports on the results of the validation and it serves as a guide for in-house personnel and other users in knowing whether an instrument behaves as stated by the manufacturer. An example of such a report is given in Appendix 2.

In the private sector, there is a global initiative underway for environmental technology verification (ETV), presently involving Canada, the USA, South Korea, and Europe (see http://etvcanada.ca/). This is a formal program whereby environmental technology is verified by licensed private sector companies as meeting the manufacturer’s stated performance, and a certificate is issued to that effect. In many areas of environmental data collection and problem mitigation, only products having a valid ETV certificate will be considered.

It is recognized that the application of such a program to hydrological instrument performance is not within the mission of the ETV program, but it is envisioned that with some flexibility on the part of the ETV program, such a model could work for NHS instrumentation. A NHS could work with an ETV agency to develop protocols for selected performance elements that are not easily tested by a NHS due to the need of specialized equipment, facilities and/ or conditions (e.g. extreme environmental conditions, power needs, accuracy deterioration due to aging of components, etc). If this approach could be realized, a NHS could simply state in its performance specifications that an instrument must meet, for example, “ETV Protocol XYZ for Extreme Climate Conditions” or “ETV Protocol ABC for Accuracy of the Instrument”. This would then put the onus on the manufacturer to have the instrument’s performance for those elements verified by an ETV licensed tester.

The benefits and challenges of having an independent or external verification program for hydrometric instrumentation are listed below.
Benefits of an external verification program:
· It allows an NHS to focus its verification efforts on the performance elements that are relevant to its specific program (i.e. instrument interfacing with other in-house equipment, software, data handling and computation).
· There could be a reduction/elimination of NHS investment in expensive, specialized testing facilities or technologies.
· There should be a reduced loss of data and NHS time spent resolving instrument problems formerly resulting from the elements now being verified under this proposal.
· Adopting such a proposal should lead to increased standardization of instruments across the global NHS’s.
Challenges of an external verification program:
· Significant effort required to develop the bundled protocols
· NHS’s may see a limited variety of instruments available to them
· Resistance by manufacturers to allow independent verification due to intellectual property concerns, loss of freedom to do what’s best for company/shareholders
· Possible increased cost of instruments as manufacturers recover costs to obtain certification (but perhaps an overall reduction in cost to NHS’s if instruments perform as expected and more reliably)
· On the contrary, The NHS staff will lose control and complete knowledge about the behaviour of their instrumentation
5. [bookmark: _Toc113893258][bookmark: _Toc113893349][bookmark: _Toc113893451]INSTRUMENT CALIBRATION
For the purposes of this report, the definition of calibration is as noted in chapter No. 3 and in the Definitions page at the end of the report. Definitions origin from international vocabulary of metrology (VIM, 2012).

5.1 [bookmark: _Toc113893259][bookmark: _Toc113893350][bookmark: _Toc113893452]Water Level Sensors
There are a variety of different sensors used to measure water level, such as tape and weights, staff plates, shaft encoders, pressure transducers, ultrasonic, radar and LiDAR sensors. For tapes, weights and staff plates, calibration is done using comparison to a measurements standard with the evaluation of the corresponding uncertainty. Complex summary of assessing water level sensors, including uncertainty calculation, provides ISO 4373 Hydrometry — Water level measuring devices.

For the electronic/ultrasonic based instruments, they are initially adjusted by the manufacturer according to predefined performance parameters, and the results of which typically accompany the unit upon delivery to the NHS for use in their operations. Commonly, these units cannot be calibrated by the NHS, so if there is any reason to suspect the validity of the units’ results, they must be returned to the manufacturer for testing and repair. Reasons why readjustment might be necessary vary with instrument type but could include: change in the datum, cable stretch, electronics drift, etc. To assist NHS’s in ensuring confidence in the performance of these instruments and the validity of the readings, NHS’s conduct regular field on-site adjustments or checks of the instrument’s readings against an independent source (staff gauges, wire-weight gauges, etc.). Any unexplained anomaly can be an alert to the potential need to readjust the sensor. Another factor to consider is the cost of the new sensor compared to the cost of recalibration by manufacturer.
5.2 [bookmark: _Toc113893260][bookmark: _Toc113893351][bookmark: _Toc113893453]Traditional Current Meters
or the calibration of “conventional” velocity measurement technologies, the hydrologic community has well established guidelines in place. For example, mechanical current meters are typically calibrated in tow tanks under controlled and repeatable conditions, based on ISO 3455 (2021). There are different approaches to the calibration of current meters, in that some agencies use a single standard rating equation for all of its meters, while other agencies determine individual rating equations for each meter. For example, both the USGS and Water Survey of Canada use Price AA and Pygmy meters, but the USGS applies a standard equation to all meters while the Water Survey applies individual equations. A description of the USGS calibration procedures for vertical-axis current meters in a tow tank is provided in Appendix 3.

NHS’s generally have protocols in place regarding the need for periodic recalibration of current meters. Meters may be calibrated initially by the manufacturer or the NHS itself if they have access to tow tank facilities, and the resulting calibration table accompanies the meter to the buyer/user. Once the meter is in use, recalibration at an acceptable time period, in a tow tank facility is required (often 3 years). If it has been damaged, if parts are worn, or if results appear questionable, calibration is also needed. Some agencies, such as the Water Survey of Canada, have a policy that suspect meters be returned to the tow tank for an “as is” rating. This means the meter will be calibrated upon receipt before and after any repairs or adjustments are made, thus allowing for the salvage of measurements made using the defective or suspect meter.

Additionally, there are strict procedures in place for in-field care and maintenance of current meters to minimize deviation from the calibrated state. These may include a daily air “spin test” of the meter propeller where the field hydrographer watches and listens for any irregularities that may retard the movement of the propeller and takes the appropriate action as necessary.
5.3 [bookmark: _Toc113893261][bookmark: _Toc113893352][bookmark: _Toc113893454]Acoustic and Electromagnetic Velocity Meters and Profilers
The use of acoustic technologies in hydrometric operations is becoming more common place, but the requirements for calibration and verification are still evolving. As with many of the water level sensors, acoustic units are expected to be delivered calibrated by the manufacturer, and any need for recalibration typically requires a return of the unit to the manufacturer. To minimize, and to identify, defective performance, NHS’s have worked with the instrument suppliers to build in software routines that check selected components for operation within set parameters. However, it is important for NHS’s to independently verify that new instruments meet the manufacturer specification.

Additional verification checks for instruments being used in the field are a combination of selected diagnostic checks under controlled conditions, in-field checks conducted prior to use, routine maintenance, after use in rough conditions, or if results are suspect. They typically include checks for internal electronics, beam alignment and power, compass calibration, and temperature calibration. In 2010, the USGS HIF gained the in-house capacity to conduct tow tank validations of SonTek FlowTracker ADVs, and issued a policy regarding the submission of in-use FlowTrackers for calibration checks (USGS OSW Technical Memorandum 2010.02).

Other forms of in-field performance checks may include ADCP regattas, where several units are used under controlled conditions, and the results compared. Such regattas may also include several different makes and models of acoustic Doppler instruments. In recent years, a number of different agencies (US, Canada and France) have been conducting ADCP regattas and gathering the data collected in such events for analysis and verification of instrument performance and uncertainty (Le Coz et al., 2016). So far, random deviations of ± 5% from average value (final discharge, velocity) have been acceptable for most NHSs. However, consistent biases of 1% or greater should be investigated and resolved (Oberg and Mueller, 2007; Mueller et al., 2013). With this effort, work is underway to provide guidance on best practices for conducting such regattas.

6. [bookmark: _Toc113893262][bookmark: _Toc113893353][bookmark: _Toc113893455]
REPORTING ON INSTRUMENT VERIFICATION AND CALIBRATION RESULTS
It is recognized that individual NHS’s typically have internal guidelines for the production of reports, and this document is not meant to circumvent those guidelines. However, to enable the sharing of results across the hydrologic community at large and to facilitate the comparison of instrumentation, the following is suggested for consideration when writing those reports. Many helpful instructions are also contained in ISO 17025. One example of Approach A includes Oberg and Mueller (2007). An example report for Approach B can be found in Appendix 2.
Executive Summary/Abstract
· a brief description of the tested product(s), their purpose
· a brief (high level) description of the test procedures and results
· include a statement on how the results compare to the NHS’s specifications/standards
Objective and Approach of the Test
· a short statement that summarizes the purpose of the test
· a short narrative on how the test was conducted
Description of Instrument(s)
· details of the product, its purpose, how it operates
· may include the manufacturer’s product specifications
Test Procedures
· details of the test procedures, including performance specifications being used
· reference all instruments used as benchmarks for comparison, calibration
Test Results
· details on the findings, including how the instrument(s) performed against the NHS performance specifications, against benchmark instruments, etc.
· include tables and graphs
· test data and results to be stored in electronic format for sharing with other instrument users
· results should include mean values and uncertainty estimates that follow the Guidelines of the JCGM, with comparisons that account for uncertainty in measurement as recommended by the JCGM Supplement 106.
Discussion of Results/Conclusions
· non-technical narrative on the results – explanation of specific findings, reasons for non-typical product performance
· conclusions based on the initial objective of the test
· validity of the calibration or expiration date
Related Observation/Comments
· non-subjective statements on observations made on the product as part of the testing.
References
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Definitions
Calibration: operation that, under specified conditions, in a first step, establishes a relation between the quantity values with measurement uncertainties provided by measurement standards and corresponding indications with associated measurement uncertainties and, in a second step, uses this information to establish a relation for obtaining a measurement result from an indication. [footnoteRef:2] [2:  International Vocabulary of Metrology] 


Instrument Calibration can be called for:
· With a new instrument
· When a specified time period is elapsed
· When a specified usage (operating hours) has elapsed
· When an instrument has had a shock or vibration which potentially may have put it out of calibration
· Whenever observations appear questionable

In general use, calibration is often regarded as including the process of adjusting the output or indication on a measurement instrument to agree with value of the applied standard, within a specified accuracy. For example, a thermometer could be calibrated so the error of indication or the correction is determined, and adjusted (e.g. via calibration constants) so that it shows the true temperature in Celsius at specific points on the scale. This is the perception of the instrument's end-user. However, very few instruments can be adjusted to exactly match the standards they are compared to. For the vast majority of calibrations, the calibration process is actually the comparison of an unknown to a known and recording the results.

Measurement accuracy: closeness of agreement between a measured quantity value and a true quantity value of a measurand. 1

Measuring interval: set of values of quantities of the same kind that can be measured by a given measuring instrument or measuring system with specified instrumental measurement uncertainty, under defined conditions. 1

Measuring precision: closeness of agreement between indications or measured quantity values obtained by replicate measurements on the same or similar objects under specified conditions. 1

Indication Interval: set of quantity values bounded by extreme possible indications. 1

Instrumental drift: continuous or incremental change over time in indication, due to changes in metrological properties of a measuring instrument. 1

Range of a nominal indication interval: absolute value of the difference between the extreme quantity values of a nominal indication interval. 1

Resolution: smallest change in a quantity being measured that causes a perceptible change in the corresponding indication. 1

Step Response time: duration between the instant when an input quantity value of a measuring instrument or measuring system is subjected to an abrupt change between two specified constant quantity values and the instant when a corresponding indication settles within specified limits around its final steady value. 1

Verification: provision of objective evidence that a given item fulfils specific requirements. 1

Validation: verification, where the specific requirements are adequate for intended use. 1

It is sometimes said that validation can be expressed by the query "Are you building the right thing?" and verification by "Are you building it right?" "Building the right thing" refers back to the user's needs; while "building it right" checks that the specifications are correctly implemented by the system. [footnoteRef:3]2 [3: 2 Wikipedia on-line encyclopedia] 


Acronyms

ADV:		acoustic Doppler velocimeter
ADCP:	 	acoustic Doppler current profiler
EDAS:		Electronic Data Acquisition System
ETV:		Environmental Technology Verification
GOES:		Geostationary Operational Environmental Satellite
GPS:		Global Positioning System
HIF:		Hydrologic Instrumentation Facility (USGS)
NESDIS:		National Environmental Satellite, Data and Information Service (NOAA)
NHS(s):		National Hydrologic Service(s)
NOAA:		United States National Oceanic and Atmospheric Administration
QA/QC:		Quality Assurance/Quality Control
UUT		Unit-Under-Test
SDI-12:		Standard Digital Interface-1200 Baud
USGS:		United States Geological Survey
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Appendix 1 – Example: Performance Specifications for Acoustic Doppler Current Profilers[footnoteRef:4] [4:  Used with the permission of the Water Survey of Canada, Environment Canada. Document based on 2011 ADCP performance specifications] 


BACKGROUND:
Water Survey of Canada (WSC) a division of Environment Canada is responsible for monitoring over 2000 hydrometric operational sites and numerous study sites in Canada. WSC collects information on water parameters such as water level, discharge, water temperature, river cross sectional dimensions etc. performing quality assurance checks in real time and in post processing.

Data are required on selected rivers at various spatial and temporal distributions. The spatial needs vary along the river length from headwater stream to estuaries. The temporal needs vary from annual discharge to near instantaneous velocity. Environment Canada’s data are used by several external clients and verification of data quality is critical. These data are archived by Environment Canada in output formats required to mesh with existing systems.

The equipment will be used by Water Survey field personnel in carrying out normal water data acquisition duties and in specialized surveys of rivers. The locations of the data collection sites vary from remote locations where access is only available by chartered air transport with limited hauling capacity to road accessed sites. An ideal solution would have the ability to measure the water in a river cross section in most rivers in Canada with minimal estimation of data by extrapolation or interpolation of measured portions. That would include data from the surface to the bed and in the horizontal, across the entire width of the river.

The rivers at which measurements are taken vary greatly in environmental conditions, in width, in depth and flow range. They range in size from shallow and narrow creeks which have a very low flow to large, 20+ meter deep rivers as well as rivers that have velocities over 4 meters per second. Many of the rivers may have moving beds or conditions such as aquatic vegetation that make hydroacoustic discharge measurements difficult. Not all rivers may present conditions appropriate to hydroacoustic measurements and as such, the systems adopted must provide means to inform the operator when conditions are either marginal or inadequate for such measurement methods.

The Water Survey of Canada requires ADCPs that measure varying flow velocities and depths. The instrument must adapt to these variations during a continuous transect. An instrument that must be stopped and reconfigured to measure normally expected variations in depths encountered during a transect is not acceptable. The ADCP must have auto adapting functions that will maintain bottom tracking and continue profiling water velocities over a wide range of water depths and velocities during a continuous transect.




DEFINITIONS
ADCP – Acoustic Doppler Current Profiler
GPRMC – NMEA string for minimum Specific GPS/transit data
GPS – Global Positioning System
RTK – Real-time Kinematic
WAAS – Wide area augmentation system
NMEA- National Marine Electronics Association
DBS – NMEA string for depth below surface
SBAS – satellite-based augmentation system
DBT – NMEA string for depth below transducer
HDOP – horizontal dilution of precision
GPZDA – NMEA string for date and time
GPVTG – NMEA string for track made good and ground speed
GPS GGA – NMEA string for global positioning system fix data
[M] – Mandatory elements which must be met



	
1. ACCURACY & PRECISION - ADCP

	[bookmark: _Toc182199636]1.1 Measure Water velocity:
	1. [M] Must be divided into multiple discrete depth cells 

	
	2. [M] Must be reported as 3-D velocity vectors (x,y. z components)

	
	3. [M] Must provide water velocity in reference to true North 

	
	4. Velocity determination of sampling volume should be adjusted for pitch and roll

	
	5. [M] Must measure water velocity to an accuracy up to 0.5% of measured water velocity relative to instrument, +/- 5 mm/s

	
	6. [M] Must measure water velocity through a range of velocities +/-10 m/s relative to the instrument.

	[bookmark: _Toc182199637]1.2 Depth
	1. Instrument accuracy for measuring depth should be 1% or better 

	
	2. [M] Resolution of depth values must be 2 cm or a higher resolution 

	
	3. Depth determination of individual beams should be corrected for instrument pitch and roll

	1.3 GPS

	1. [M] GPS must be either a Novatel GPS or Hemisphere GPS 

	
	2. [M] Required correction options include Real Time Kinematic (RTK) and Wide Area Augmentation System. (WAAS) 

	
	3. [M] Must support differential global positioning system fix data (GPS GGA) sentences. Must support code 2,4,5 as GPS differentially corrected status code for positions ($GPGGA) for velocity over ground determination. 

	
	4. [M] Must support Doppler non-differential GPS for track made good and ground speed ($GPVTG) 

	
	5. [M] Must support 3 dimensional (lat, long, elev.) coordinate system 

	
	6. Should log satellite vehicle sentences (GPGSV and GPGSA) and recommended Minimum Specific GPS/transit data (GPRMC) 

	
	7. [M] RTK GPS accuracy must be sub-meter. (2 sigma)

	
	8. Should allow retrieval of RTK base station differential position, (latitude, longitude and elevation).

	[bookmark: _Toc182199639]1.4 Input Capabilities
	1. [M] Must integrate data from external GPS onboard the ADCP platform. 

	
	2. Should integrate depth below transducer (DBT) and depth below surface (DBS) NMEA strings from external echo sounder. 

	
	3. Should integrate data from external heading sensors

	
	4. [M] Heading sensor must have a minimum accuracy of ±2 degrees.

	
	5. [M] Must integrate strings from GPS, operating with outputs at a frequency of at least 5 hertz. Data streams must be merged efficiently and be synchronized to prevent latencies and inaccuracies in resulting data.

	
	6. [M] Must integrate peripherals generating outputs at frequencies slower than the ADCP ping rate. 

	
	7. [M] Must allow input of left edge and right edge distances to shore.

	
	8. [M] Must allow manual entry of instrument draft. 

	
	9. [M] Must allow user input to screen out effects of flow disturbance near instrument. 

	
	10. [M] The system must allow for correction for speed of sound in water.

	
	11. [M] If the correction for speed of sound in water is automatic, the user must be able to override the setting.

	1.5 Data acquisition

	1. [M] A higher priority of acquiring and logging data must be given over display of data. Data acquisition must not be delayed as a result of high demand for graphical displays. 

	
	2. [M] The data must be updated in real time to various views / screens.

	1.6 Onscreen warnings or user prompts during acquisition:
	1. [M] The user interface must display status of incoming data from peripherals

	
	[bookmark: OLE_LINK5]2. The user interface should indicate when a low supply voltage may impede on data quality

	
	3. The user interface should indicate when instrument not measuring water velocity through full depth of measurable portion cross section.

	
	4. The user interface should indicate when GPS not differential and when the following GPS-related data quality indicators have exceeded a defined limit: horizontal dilution of precision (HDOP), Elevation, differential correction age, constellation change. 

	
	5. The user interface should make an audible warning to notify operator of malfunction of the acquisition.

	
	6. The user interface should indicate when instrument is not measuring speed over ground, depth, water velocity.

	1.7 [M] Must display the following information for data acquisition and review:
	1. [M] Date 

	
	2. [M] Time of day 
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	4. [M] Users must be able to plot the following parameters within graphical cross sectional view and graphical profile view for all velocity reference options (i.e. bottom track, GGA, VTG, instrument).
·  water velocity
· Magnitude
· Direction
· Individual velocity components (east, north, up)
· Parameter indicating homogeneity of flow at a given depth(velocity errors or delta velocity)
· Signal strength received.
· An indicator of the quality of velocity measurement (for example standard deviation of velocity or other scaling indicator).

	
	5. [M] Features within the graphical cross sectional view
· Individual cell data values (see specification 1.7.4 for listing of parameters)
· Visible measured area boundaries
· Identification of data parameter by plot title or legend title
· Colour coding by magnitude with user configurable legend
· Scaling/zoom functions
· Choice of horizontal scale by:
· 1) profile number or time; and
· 2) distance travelled (length or distance made good)
· User adjustable scaling of parameter magnitude and auto scaling
· User adjustable vertical scale (depth)

	
	6. [M] Graphical profile view (parameter as a function of depth)
· User adjustable horizontal and vertical scales
· User adjustable colour setting of plotted parameter
· Identification of data parameter by plot title or legend title

	
	7. [M] Users must be able to view the following parameters within tabular views and plot the following parameters within a graphical time series view. For time series view, users must be able to plot as a function of time elapsed into transect or number of profiles into transect.
· Boat speed
· Heading
· Pitch
· Roll
· Temperature
· GPS quality indicator
· GPS HDOP
· Number of GPS satellites
· Differential age correction
· Water speed 

	
	8. Should have average water velocity of measured section to current position. 

	
	9. [M] Plan view of boat trajectory with water velocity vectors along the track
· Water velocity vectors are to be averaged through the profile
· Water velocity vectors should be available by selectable depths

	
	10. [M] Depth displayed in all of the following ways:
· tabular
· Within graphical cross sectional plot
· Within graphical profile plots

	
	11. [M] The following parameters must be displayed in tabular format
· [M] Number of valid velocity cells
· [M] Distance made good
· [M] Ratio of distance made good and angular differences between bottom tracking and GPS velocity references
· [M] Distance and azimuth between GPS and bottom track made good solutions
· [M] Water temperature
· [M] GPS data quality indicators
· [M] Instruments missing/invalid data
· [M] Method used for top, bottom, left and right discharge extrapolation
The following must be displayed within graphical profile plot
[M] Profile of measured water velocities to evaluate the quality of top and bottom extrapolations.

	
	12. Loop method correction with option to apply correction to final discharge summary

	1.8 Tools for assessing GPS 
	1. The following are non-mandatory but useful features:
· Satellite view showing positions of satellites relative to horizon
· Signal strength including floor level and recommended operating signal strength limit
· Ability to display GIS layers as a navigation aid
·  Ability to reject or add a specific PRN (satellite ID) to optimize GPS fixed solution computation
· Filtering of GPS where speed over ground exceeds a threshold

	1.9 General data quality features
	1. M] There must be quality control mechanisms to detect the effects of the following conditions with a means for the user to assess the effectiveness of these controls:
· [M] Non-homogeneous flow at any given cell
· [M] Very high and very low concentrations of suspended particles 

	
	2. [M] Mitigate impact of disturbances on instrument trajectory.
· [M] Corrections must be applied on data to account for instrument heading
· [M] Data from internal heading sensor must be assimilated in the computations at 1 Hz or faster

	
	3. [M] The user must be provided with a full suite of system diagnostics related to hardware and firmware performance.

	
	4. The system should have automated validation of the speed over ground activated at user choice.

	
	5. [M] The system must have automated depth validation routine and be activated at user choice.



	
2. TECHNICAL SPECIFICATIONS - ADCP

	2.1 Operating
Capabilities 
	[M] Diagram 1 (see end of document) is a hypothetical river cross section over which an ADCP with the expected auto adapting features must be able to maintain bottom tracking and profile water velocities through the water column across the river.
· Water velocity measurement algorithm must be self-adapting to optimize sampling volume and obtain the most accurate water velocity while profiling across the river.
Given the following operating parameters: blanking distance of 20 cm; draft typical for an Oceanscience Riverboat deployment;
· The ADCP must measure a minimum of 2 water velocity cells in shallow sections
· The ADCP must maintain bottom tracking and water velocity tracking between points A and B
· In favourable water conditions, water velocities must be measured through the deepest section with an extrapolated section near the riverbed no greater than 20% of total depth.
· In unfavourable conditions such as very clear water and high suspended sediment concentrations, the ADCP must also be able to track water velocities to at least 1/3 of the deep section (21/3 = 7 m). 

	[bookmark: _Toc182199632]2.2 Power
Requirements
	1. Should operate from a nominal 12 volt DC source.

	
	2. [M] For ADCPs supplied with battery packs: Where the ADCP is deployed in a tethered boat deployment, battery packs must provide operation for a minimum of 4 hours. 

	[bookmark: _Toc182199633]2.3 Voltage Protection 
	1. [M] Equipment must be designed to prevent connection in reverse voltage or be protected against exposure to reverse voltage. 

	
	2. Equipment should operate without the need to replace a fuse or open the casing after being subjected to reverse polarity from a 12VDC nominal battery source. 

	2.4 Electromagnetic Interference Protection 
	1. [M] Equipment must not be affected by operation of an adjacent RF modem or a similar electrical device

	[bookmark: _Toc182199630]2.5 Physical Properties
	1. [M] ADCP electronics and transducers without operating batteries and external cables must have a mass equal to or less than 12 Kilograms. 

	
	2. [M] Non-corrosive material must be used for all components exposed to ambient atmospheric humidity and water.

	[bookmark: _Toc182199631]2.6 Memory Protection

	1. [M] Must default to most recent calibration on power up. For example the ADCP must default to last valid beam matrix, compass calibration, electronics calibration upon power up.

	
	2. If a power interruption occurs while acquiring data, the user should be warned. 

	[bookmark: _Toc182199634]2.7 Cable / Connector
Properties

	1. [M] Underwater connectors must be water proof.

	
	2. [M] Must have positive locking connectors. 

	
	3. [M] Power/Communication cable(s), if applicable, must be at least 5 meters long. If a power cable is required, it must be part of the bid proposal. 

	
	4. [M] Cables and connector, if applicable, must remain flexible at -40°C. 

	
	5. [M] Performance of cables and connector(s) must not deteriorate through full range of operational air temperatures from -40°C to +50°C.

	
	6. All external connectors containing a live wire end should not be susceptible to accidental sparking. 

	[bookmark: _Toc182199640]2.8 Support of RF and direct Communication.
Applies to ADCP and peripherals 
	1. [M] Must operate using Serial RS232 standard. 

	
	2. Should support baud rates from 9600 to 115200 bps. 

	
	3. Communication settings should be programmable (ex. Stop bit, parity, flow control)

	
	4. [M] Must support both RF communication and direct serial communication options for tethered boat and manned boat deployments respectively. 

	
	5. [M] RF equipment must be waterproof. 

	
	6. [M] RF communications must have a range of at least 400 m. 

	
	7. [M] Radio modems must be Freewave Technologies modems.

	
	8. [M] Radio modem must be spread spectrum, operating on unlicensed frequencies approved for use within Canada. 

	
	9. Should allow option to install external antenna 

	[bookmark: _Toc182199641]2.9 Windows-based software features 
	1. [M] Windows-based software must operate on Microsoft XP, Windows 7 for all modes of operation.

	
	2. [M] Resizeable and movable windows for both data collection, review and instrument configuration must be provided to allow the user to easily adapt the display to show the parameters necessary to acquire and review and verify data quality for various types of data collection. 

	
	3. Should feature minimize / restore functions and autoscale features to the maximum and minimum data values for individual window. 

	
	4. Where applicable, the individual window should have a user configurable legend. 

	
	5. Software should allow short key entry of key software controls. 

	
	6. [M] Software must support pointing devices. 

	
	7. Font sizes, styles and colours and screen colours should be user selectable to optimize visibility in various outdoor conditions. These settings should be set within application and not applied across all Windows applications. 

	
	8. Should have standard windows dialog for file open and save

	
	9. [M] Must allow user to select multiple files to open and process

	
	10. Option to print hardcopy should be available within software for summary reports. i.e. Discharge summary with option to save electronic summary file. 

	
	11. [M] Help functions must be available within software. 
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	1. [M] Firmware must be upgradeable without the need to open the electronics housing.

	
	2. Should revert to previous firmware version on upgrade failure.

	
	3. [M] Must report on status of upgrade (success or failure).

	
	4. [M] Must preserve all calibration data during upgrade

	
	5. [M] User must be informed of any change in computations and thus calculated data resulting from the firmware upgrade

	[bookmark: _Toc182199643]2.11 Configuration and file management
	1. [M] When the measurement is being recorded within both a PC and ADCP, all site information and ADCP settings must be uploaded to the ADCP. 

	
	2. Should allow initialization to manufacture’s default setting 

	
	3. [M] Must allow input of station number, station name measurement location and comments with measurement. 

	
	4. Set ADCP clock.
[M] Must allow clock synchronization to PC time.
Should also allow clock synchronization to GPS.
Should allow user-configured time zone for ADCP clock output.

	
	5. Help should be available for configuration within the data acquisition software 

	
	6. [M] Must save individual configuration per measurement

	
	7. [M] Must support windows file directory structure to store data files

	
	8. System should support user-defined file names that meet Windows file-naming standards.

	
	9. [M] Software must allow users to protect (lock) processed files to prevent inadvertent modification. 
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	1. Should allow recording of the following during acquisition
· External depth sounder raw data
· External peripheral for heading

	
	2. [M] Data must be stored on PC or ADCP in real time
· If the option of recording in PC and ADCP is available in real time. The application software should report both date and time of ADCP and computer time. 

	
	3. [M] Recording frequency must be at 1 hertz or faster 

	
	4. [M] User must be able to record diagnostic test and compass calibration results on PC or ADCP. 
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	1. [M] Raw data must not be altered.

	
	2. [M] Must use System International (SI) units.
· [M] Final outputs for distance must expressed in meters
· [M] Final outputs for area must expressed in square meters
· [M] Final outputs for discharge must be expressed in cubic meters per second.

	
	3. Averaging data
· Users should be able to aggregate the data over user specified number of profiles or time interval or distance. 

	
	4. [M] Users must be able to apply modifications to individual files or multiple files

	
	5. Users should be able to re-compute results for a sub-section of the transect based on a user-selected range of profiles

	
	6. Should offer options to calculate area based on the following:
· Perpendicular to the mean flow
· User specified azimuth
· Parallel to the average course.

	
	7. Must extrapolate into unmeasured portions of the river cross section:
· [M] For each transect, extrapolate and display unmeasured discharge for: top, bottom, left, right
· [M] Top and bottom extrapolation methods must include adjustable power law fit and constant fit
· [M] Left and right bank extrapolation methods must include triangular and vertical shape factors
· [M] Users must be able to specify the number of velocity points that can be rejected at top and bottom of the profile
· Missing or invalid data within transects should be interpolated and indicated on displays 

	
	8. [M] All data must be referenced spatially and temporally in every transect

	
	9. Software should allow re-computation of discharge using a mix of velocity references.

	[bookmark: _Toc182199648]2.14 Output

	1. [M] The system must produce a discharge summary file.
Mandatory discharge summary fields per measurement are listed as follows:
· Average total discharge
· Standard deviation of discharge for selected transects
· Date of survey
· Equipment serial number
· Firmware version
· Draft of transducer
· Magnetic declination
· Software version
· References to test files
· Identification of survey crew
· Station name and station ID
· Comments

	
	2. [M]. Mandatory discharge summary fields per transect:
· Transect identification
· Time of day at start
· Time elapsed or time of end of measurement
· Measured, estimated (top, bottom, left, right) and total discharges
· Mean velocity of boat and water
· River width
· Area 

	
	3. [M] Must allow export of discharge summary data files as an ASCII flat file.

	
	4. [M] Must allow export of detailed data for each profile.

	
	5. [M] Must support all of the following deployment options.
· Tethered boat
· Manned boat deployment
· Mid-section measurement in open water
· Mid-section measurement for under ice conditions
· Mid-section measurement in combined open water and under ice conditions

	2.15 Tethered Boat Platforms
	1. [M] Tethered boat must be OceanScience 

	
	2. [M] Tethered boat must be a trimaran of durable and rugged (i.e. polyethylene) construction. Pontoon (amas) must come apart for portability and allow quick assembly without use of a tool.

	
	3. [M] Non-ferrous materials only must be used within the tethered boat to prevent compass interference.

	
	4. [M] Tethered boat/ADCP assembly must allow mounting of GPS antenna directly above ADCP with 5/8” threaded adapter 

	
	6. [M] Tethered boat must allow water velocity tracking with no significant loss of data in water velocities up to 2.5 m/s (refer to WSC SOP for ADCP measurements for allowable% loss of cells)




	3. ENVIRONMENTAL SPECIFICATIONS - ADCP
(Referenced Military standard methodology will be used when testing for compliance is required)

	3.1 Temperature 
	1. [M] Operating temperature must be from -5°Celsius to +40°Celsius.

	
	2. The warranty should not be voided when instruments is deployed in extreme cold weather (down to potentially -40°C).

	
	3. [M] Storage temperature must be from -10°Celsius to +50°Celsius.

	
	4. Should withstand instantaneous induced thermal shock of 50°C (example -30°C to+20°C) and operate under thermal shock of 15°C/minute for 2 minutes.

	3.2 Vibration
	1. [M] Equipment must operate after experiencing a series of mechanical shocks and vibrations similar to what could occur during transportation.
Environment Canada reserves to right to test the ADCP to the following standard to confirm if it meets required protection against vibration in transport and operations:
MIL-STD 810F 514.5C-3; restrained; 30 minutes times 3 directions.

	3.3 Moisture

	1. [M] Submerged components must be waterproof to 30 m. 

	
	2. [M] Internal electronics in submerged compartment must be designed to maintain operation for a minimum of 2 years without any requirement to return to manufacturer for service or open the sealed electronics compartment for service or maintenance. 
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Appendix 2 – Example: Instrument Test Report for ADV (FlowTracker) Validation [adapted from a USGS Hydrologic Instrumentation Facility (HIF) report]

Executive Summary
An acoustic velocity meter, the SonTek FlowTracker, was tested in the tow tank at the USGS Hydraulic Laboratory on May 28, 2015. Meter number P53 passed the velocity, beam and temperature checks.
Objective and Approach of the Test
The objective of the test was to determine if the FlowTracker provided accurate measurements of velocity. The meter was towed at two different speeds in the tow tank, 18 cm/s (0.59 ft/s) and 33.53 cm/s (1.12 ft/s). The test at 18 cm/s consisted to one forward and one reverse traverse of the tow tank. The test at 33.53 cm/s consisted of two forward and two reverse traverses.
Description of Instrument
The FlowTracker is an acoustic Doppler velocimeter designed for wading discharge measurements following established methods of ISO, USGS and many other water resources organizations. It is largely replacing conventional mechanical current meters. The typical configuration is a side-looking transmitter with two receiver probes. The manufacturer specifies a velocity range of 0.1 to 400 cm/s with an accuracy of ± 1 percent of measured velocity + 0.25 cm/s.

Test Procedures

The overall performance of the meter being tested will PASS if all values of velocity, beam check and temperature probe check either PASS or are FAIR. The meter being tested will FAIL if it fails any of the velocity, beam check or temperature probe tests.

The velocity PASS/FAIL criteria:

Meter velocity will PASS if the determined velocity% error is with the SonTek error band for the tested velocity.

Meter velocity will FAIL if the determined velocity% error is outside the SonTek error band for the tested velocity.

Meter error band (2 standard deviations) will PASS if the value is less than or equal to the SonTek error band.

Meter error band will be FAIR if the value is greater than the SonTek error band, but less than 1.25*SonTek error band.

Meter error band will FAIL if the value is greater than 1.25*SonTek error band.

Beam check will PASS if the following criteria are met:

Beam peak position is within 0.3 cm of each other; and peak SNR1 of beams are within 4 dB of each other (1 SNR = 0.43 [peak level (counts) – noise (counts)]).

Temperature probe check will PASS if the meter temperature probe reads the water temperature within ± 2 degrees C of the traceable reference thermometer.


Test Results
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Discussion of Results
The FlowTracker # P53 performed within the specifications of the manufacturer. The meter velocity% error was within the SonTek error band at both 18 cm/s and 33.53 cm/s. The meter error band was less than the SonTek error band. The beam peak positions were within 0.3 cm, and the SNR was zero. The temperature probe was within 0.3 degrees C of the reference temperature.
[bookmark: _Toc113893268][bookmark: _Toc113893359][bookmark: _Toc113893461]Appendix 3 – Example: Calibration Protocols for Vertical-Axis Velocity Current Meters[footnoteRef:5] [5:  As extracted from Calibration and Maintenance of Vertical-Axis Type Current Meters”, U.S. Geological Survey, Techniques of Water-Resources Investigations, Book 8, Chapter 2, By George F. Smoot and Charles E. Novak, 1977] 

Calibration of Current Meters
The principal of operation of a rotating-element type velocity meter is based on the proportionality between the local flow velocity and the resulting angular velocity of the meter rotor. The velocity of the water is determined by counting the number of revolutions of the rotor during a measured interval of time and consulting the meter calibration table.

If an ideal current-meter, that is, one equipped with a correctly shaped rotor and a frictionless bearing mechanism, were to measure the flow velocity of a perfect liquid, the relation between the flow velocity and the rotor speed would be very simple:

V=KN 					(1)

where V denotes the local flow velocity, K is the proportionality constant, and N is the rotor speed expressed in revolutions per unit of time. In actual practice there are resistances opposing rotation
caused by friction between the liquid and the rotor and by the mechanical friction of the bearings.
Consequently, this simple relationship does not exist, and one must be determined empirically. The establishment of this relation, known as “rating the current-meter”, is done for the Survey by the National Bureau of Standards.

The current-meter rating station operated by the National Bureau of Standards in Washington, D.C., consists of a sheltered reinforced concrete basin 400 feet long, 6 feet wide, and 6 feet deep. Atop the vertical walls of the basin and extending its entire length are steel rails that carry an electrically driven rating car. This car is operated to move the current-meter at a constant rate through the still water in the basin. Although the rate of travel can be accurately adjusted, the average velocity of the moving car is determined for each run by making an independent measurement of the distance it travels during the time that the revolutions of the bucket wheel are electrically counted. A scale graduated in feet and tenths is used for this purpose.

A small Price meter is rated by towing it at eight different velocities (0.25, 0.50, 0.75, 1.10, 1.50, 2.20, 5.00, and 8.00 feet per second). A pair of runs are made at each velocity. A pair consists of two traverses of the basin, one in each direction. The data obtained consists of 16 observations of the velocity of the car (V) and revolutions per second of the rotor (N). The meter rating is determined from these data and is expressed as two linear equations :

For N less than 1.00,
V = K1N + C1				(2)

For N greater than 1.00,
V = K2N + C2				(3)

where
K2 = K1 + C1- C2				(4)

Because there is rigid control in the manufacture of the small Price meter, virtually identical meters are produced and, for all practical purposes, their rating equations are identical. Therefore, there is no need to calibrate each meter individually. Instead, a standard rating is established by calibrating a large number of meters that have been constructed according to Survey specifications, and this rating is then supplied
with each meter.

To insure that all small Price meters are virtually identical, dies and fixtures for their manufacture were purchased by the Water Resources Division and supplied to the manufacturer in 1967 for use in constructing meters. These same dies and fixtures will be supplied to the successful bidder in subsequent years. All rotors manufactured by use of the standard dies and fixtures are stamped “S” on the top side of the bucket wheel. The year of manufacture is also identified-S-67, S-68, for example. To further insure that all meters are identical, quality control procedures are followed, including the rating of a sample of meters from each new group procured.

For convenience in-field use, the data from the current-meter ratings are reproduced in tables, a sample of which is shown in figure 3. The velocities corresponding to a range of 3–350 revolutions of the bucket wheel within a period of 40–70 seconds are listed in the table. This range in revolution and time has been found to cover general field requirements. To provide the necessary information for the few instances where extensions are required, the equations of the rating table are shown in the spaces provided in the heading. Because of limited space, the equations are presented in an abbreviated form.

The expression V = 2.14ON + 0.015 (2.155), V = 2.150 N + 0.005 shown in the heading of the table in figure 3 is to be interpreted as follows:

V represents velocity in feet per second.

N represents the number of revolutions of the bucket wheel per second.

That part, V = 2.14ON + 0.015, to the left, of the parentheses is the equation used for computing velocities shown in the table less than 2.155 feet per second.

That part, V = 2.15ON + 0.005, to the right of the parentheses is the equation used for computing the values for V more than 2.155 feet per second.

The term within parentheses (2.155) is the velocity common to both equations.

Data do not indicate that there is any significant difference between a rod rating and a cable suspension rating when Columbus-type weights and hangers are properly used with the meter. Therefore, no suspension coefficient is indicated, and none should be used.
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Diagram 1: Hypothetical river section ilustrating expected performance envelope of abcp
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