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Abstract

Acoustic Doppler Current Profilers (ADCPs) have been widely utilized for assessing streamflow discharge, yet few comprehensive studies
were conducted to evaluate discharge uncertainty in consideration of individual uncertainty components. It could be mostly because it was not
easy to determine which uncertainty framework can be appropriate to rigorously analyze streamflow discharge driven by ADCPs. In this regard,
considerable efforts have been made by scientific and engineering societies to develop a standardized theoretical framework for uncertainty
analysis in hydrometry. One of the well-established UA methodology based on sound statistical and engineering concepts is Guide to the
Expression of Uncertainty Measurement (GUM) adopted widely by various scientific and research communities. This research fundamentally
adapted the GUM framework to assess individual uncertainty components of ADCP discharge measurements, and subsequently provided results
of a customized experiment in a controllable real-scale artificial river channel. We focused particularly upon sensitivities of uncertainty
components in the GUM framework driven by ADCPs direct measurements such as depths, edge distance, submerged depth, velocity gap,
sampling time, repeatability, bed roughness and so on. Section-by-Section method for ADCP discharge measurement was applied for uncertainty
analysis for this study. All of measurements were carefully compared with data using other instrumentations such as ADV to evaluate individual
uncertainty components.
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Fig. 1. A procedure for uncertainty assessment based on GUM
framework (JCGM 100, 2008)
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Table 1. Standard uncertainty for sampling time in some measurement durations

Sampling time (s) Standard uncertainty (%) Sampling time (s) Standard uncertainty (%)
30 2.35 180 0.88
60 1.64 210 0.81
90 1.61 240 0.81
120 2.01 270 0.77
150 1.19 300 0.75
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Table 2. Summarized elemental uncertainty sources associated with discharge measurement based on Section-by-Section methed using ADCP

RiverSurveyor M9

Uncertainty source Type | Standard uncertainty, u(z;) R:;f;ivlfnf:za:ii:tl;i(?;)to Estimation source
Sources associated with the depth averaged velocity in verticals, v,
Instrument resolution, u(v,,) B 0.0005 m/s 0.01 SonTek
Instrument accuracy, u(v,,) A a\otiond)) 0.26 Field test
) +0.94%
Sampling time, u(v,,) A 2.10% 0.83 Field test
Near transducer, u(v,,,) A 14.47% 67.38 Field test
Near bottom, u(v,,) - - - Field test
Depth averaging model, u(v,,,) A 8.69% 24.29 Field test
Flow angle induced error, u(v,,,) - Not active - Huang (2012)
Operational conditions, U(;&)p) A +0.003 m/s 3.65 Field test
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Table 2. Summarized elemental uncertainty sources associated with discharge measurement based on Section-by-Section methed using ADCP

RiverSurveyor M9 (Continue)

. . Relati tribution ti . .
Uncertainty source Type Standard uncertainty, u(z;) :o?aivuenz(;i:ilntl;lg’;:)o Estimation source
Sources associated with the depth in verticals, d,
Instrument resolution, u(d,, ) B 0.0005 m 0.02 SonTek
Field (vs. Total station) .
Instrument accuracy, u(d,,) A 00163 2.01 Field test
+0. m
Operational conditions, u(d,,) B 0.0015 m 0.01 Field test
Sources associated with the distance between verticals, b,
Instrument resolution, u(,,) B 0.0005 m 0.01 Scale resolution
Operational conditions, u(b,,) B 0.0010 m 0.1 ISO 1088 (2007)
Sources associated with the estimation of discharge, @),
Discharge model, u(Q,,,) B 0.50% 1.38 Muste et al. (2004a)
Number of verticals, u(@Q,,) B 0% 0.00 Field test
Flow unsteadiness, u(Q, ) B 0 0.00 Field test
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Fig. 7. Uncertainty budget for individual error sources to be propagated to the total uncertainty for ADCP stationary discharge measurement
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