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Abstract
Measuring flow in partially full gravity pipelines can be difficult in municipal wastewater, industrial pretreatment, agricultural drainage, combined sewer overflow (CSO), sanitary sewer overflow (SSO), and environmental monitoring work. Common approaches such as area-velocity meters, Palmer-Bowlus flumes, Parshall flumes, and sharp-crested weirs can be limited by changing hydraulic conditions, very low flow, surcharge or restricted installation space.
The Thel-Mar Compound Pipe Weir is designed for field conditions where both low-flow sensitivity and higher-flow capacity are needed. By combining more than one hydraulic control shape in a single device, it measures very low flows through the smaller opening and accommodates higher flows as additional opening area becomes active. This paper reviews the operating concept, design approach, and practical uses of the compound pipe weir and compares it with other flow measurement methods.







1. Introduction
The discussion is organized around the weir’s hydraulic concept, operating behavior, installation advantages, practical applications, comparison with alternative technologies, operational benefits, and future uses. This structure is intended to help readers evaluate where the compound pipe weir is most useful and what field conditions should be considered before installation.
Open channel flow measurement often requires a tradeoff between low-flow sensitivity and high-flow capacity. V-notch weirs, rectangular weirs, Cipolletti weirs, Palmer-Bowlus flumes, Parshall flumes, area-velocity meters, and ultrasonic level systems used to calculate using Mannings equation or derivatives each work well in certain conditions, but each has limits. The compound pipe weir addresses this tradeoff by fitting inside existing circular conduits and providing staged measurement over a wider range of flow.
In this paper, compound pipe weir refers to a weir plate using more than one opening shape to create multi-staged hydraulic control. The lower opening improves sensitivity at shallow depths, while the larger upper opening increases capacity as flow rises.
2. Hydraulic Theory
The Thel-Mar Compound Pipe Weir uses several hydraulic control sections arranged vertically in one plate. A typical configuration includes a V-notch for low flow and a rectangular section for larger flow. As the water level rises, each section begins contributing to the discharge, increasing the effective flow area while preserving sensitivity at lower depths.
3. Operating Principle
At low flow, water passes through the V-notch, where small changes in depth produce measurable changes in discharge. As flow increases, the rectangular portion begins to carry additional volume. Together, these openings create a staged rating relationship that supports a broader operating range than a single-opening weir.
4. Installation Advantages
The compound pipe weir can be installed in existing pipe without the channel reconstruction often required for flume installations. This makes it useful for retrofit projects, temporary measurements, and locations where excavation or major structural changes are impractical.

5. Applications
Typical applications include impoundment toe drains, municipal wastewater collection systems, industrial pretreatment monitoring, agricultural drainage, environmental monitoring, lift stations, combined sewer overflow monitoring, and stormwater systems. These applications are especially relevant where flows vary widely, low-flow measurement matters, and the monitoring location is an existing pipe rather than a purpose-built channel.
6. Comparison with Alternative Technologies
Area-velocity meters, Palmer-Bowlus flumes, Parshall flumes, V-notch weirs, and rectangular weirs are most useful when site conditions are suitable. The compound pipe weir is best suited for existing pipe installations that need low-flow sensitivity, mid-range capacity, compact installation, and precise hydraulic control.
7. Operational Benefits
Operational advantages include improved low-flow readability, straightforward maintenance, lower installation effort, compatibility with level sensors, and repeatable rating performance when the device is installed and maintained correctly.  With proper installation it is well suited for smart sewer monitoring, real time control, distributed watershed monitoring and for strengthening digital hydraulic modeling.
Conclusion
Limitations should also be considered. A compound pipe weir may not be appropriate where surcharge conditions submerge the control, where debris frequently blocks the opening, where sediment accumulation changes the approach section, or where available head is too limited to maintain a stable rating. These conditions should be evaluated before selecting the device for permanent monitoring.
The Thel-Mar Compound Pipe Weir offers a practical way to measure flow in partially full pipe systems where conditions vary widely. Its staged geometry, compact form, and retrofit potential make it extremely useful for environmental, municipal, agricultural, and industrial monitoring applications.
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