The In-Pipe Weir Handbook
Volume I – Fundamentals and Hydraulic Theory

Chapter 1
Introduction to Pipe Weirs
History, Principles, Applications, and the Future of Circular Hydraulic Measurement
1.1 Purpose of This Handbook
This handbook provides a rigorous  foundation for understanding, specifying, , installing, calibrating, and applying pipe weirs in gravity-flow systems that remain partially full.
Flow measurement is one of the oldest disciplines in hydraulic engineering. From ancient irrigation canals to modern smart sewer systems, accurately determining flow has and is an important function to managing resources and handling collection systems.
Pipe weirs combine the simplicity and repeatability of classical weir hydraulics with practical installation inside existing circular conduits. 
1.2 Scope
This handbook covers hydraulic principles, open-channel flow, pipe hydraulics, circular weir geometry, design methodology, material selection, manufacturing tolerances, calibration, installation, sensor integration, maintenance, uncertainty analysis, regulatory considerations, and emerging technologies for helping to solve measurement in partially full pipes.f
1.3 Why Pipe Weirs Exist
Pipe weirs were developed by Harry Rap to provide engineered hydraulic control where conventional weirs cannot be installed without overly complex construction. They create a repeatable relationship between upstream head and discharge while minimizing civil construction compared to replacing an existing conduit with an open channel.
1.4 Definition of a Pipe Weir
A pipe weir is a hydraulic control structure installed perpendicular to the axis of a circular conduit. Under free-flow conditions, discharge is governed primarily by upstream head acting over a precisely defined opening geometry.
1.5 Historical Development
Modern pipe weirs evolved from centuries of weir development, responding to the need for accurate flow measurement in existing sewer, stormwater, industrial, and environmental monitoring systems.
1.6 Fundamental Hydraulic Principle
A pipe weir intentionally restricts the flow area to create a stable control section. The upstream water level rises until hydraulic equilibrium is achieved, establishing a predictable head-discharge relationship.
1.7 Advantages
• Passive operation
• No moving parts
• Long-term stability
• Low maintenance
• Excellent low-flow sensitivity
• Suitable for retrofit applications
1.8 Limitations
Potential limitations include tailwater submergence, head loss, debris accumulation, and sediment deposition if improperly specified and/or installed.
1.9 Applications
Municipal wastewater, stormwater, industrial discharge, mining, irrigation, agricultural drainage, environmental monitoring, CSO monitoring, and research.
1.10 Relationship to Other Hydraulic Structures
Pipe weirs complement—not replace—area-velocity meters, magnetic meters, and ultrasonic systems. Device selection should consider hydraulics, accuracy, maintenance, and lifecycle cost.
1.11 The Future of Pipe Weirs
Pipe weirs easily  integrate with radar level sensors, pressure transducers, SCADA, cloud telemetry, AI-assisted diagnostics, and digital twin technologies while retaining fundamentally passive hydraulic operation.
Chapter Summary
Pipe weirs extend classical weir hydraulics into circular conduits, providing robust, repeatable flow measurement for gravity-flow systems. Understanding their application begins with sound hydraulic principles, which are developed in the chapters that follow.
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