EXHIBIT C
Metro West Demonstration Project
Flow Monitoring Program 

Introduction

The Metro West stormwater management program is using an innovative combination of stormwater detention (SWM) best management practices (BMPs) and low impact development measures (LIDs) (collectively “SWM/BMP/LID”). This approach will demonstrate the state-of-the-art in advanced ecosystem based stormwater management technologies designed to mimic natural hydrological functions critical to the protection and restoration of urban streams and their aquatic living resources.  This combination approach will also demonstrate how an uncontrolled urban watershed can be retrofitted with controls through the redevelopment process.  Due to the unique nature of this approach, it is important to demonstrate how effective this approach is in meeting design goals and how well the techniques will perform over time.  
The SWM/BMP/LID techniques being used will include conventional underground vault detention in combination with green roofs (extensive and intensive), permeable pavers, bioretention basins (i.e. rain gardens) and tree box filters.  
The specific design goals and criteria for the project are set forth in the proffer.  
Monitoring Goals
The goal of the monitoring program will be to measure the post development flows to demonstrate that design goals as set forth in the proffer have been met.  The focus of the monitoring program will be to measure the long term storm flows from selected portions of the site. 

Site Selection Monitoring Point Locations 
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The SWM/BMP/LID system in the northwest drainage area of the Metro West site will be monitored.  The drainage system consists of an underground detention vault designed to control both the Metro West site and runoff from the WMATA site.   Three flow monitoring locations will be provided.  First, the discrete discharge pipe from the WMATA site into the detention vault.  Second, the discrete discharge from the Metro West site into the detention vault. Third the combined discharge from the detention vault.   With these three locations monitored it will be possible to measure and compare over time the uncontrolled flows from the WMATA site; the controlled flows from areas controlled by LIDs; and the combined flows from the vault detention and LIDs.  Comparisons can also be made between modeled and measured flows.
Monitoring Sequence

The monitoring program would begin once all SWM/BMP/LID facilities are constructed in the northwest drainage area and all areas draining to the monitoring sites are stabilized.   Flow monitoring would continue for a period of three years collecting all storm events in order to obtain a statistically valid number of storm events to demonstrate the effectiveness of the stormwater management system and the long term viability of the LIDs.
Data Record Requirements 
The data to be reported for each storm event at each monitoring location will include: 
1. Inflow and outflow hydrographs in ft3/s from the start to the end of runoff. 
2. Flow volumes for entire event for inflow and outflow.
3. Rainfall hyetograph for event.

4. Total rainfall for event.

5. Start and end times for precipitation period, runoff period, and sampling period.

Reporting Requirements
The data shall be collected and compiled in an annual report to Fairfax County DPWES.  The results of the monitoring effort shall be compiled to compare the flow rate data actually measured during the monitoring period (utilizing the actual precipitation measured on that portion of the site) to the flow rates that would be predicted by the calculation methodology used to design the SWM/BMP/LID facilities in the study area.
Monitoring / Devices Equipment 

1. Recording Rain Gauge measuring device for the site.  
2.  Velocity-Area flow measuring devices (transponders) will be used to measure flows within the discharge pipes from WMATA, from the LID facilities and from the detention vault.  These flow measuring devices will be located near the detention vault within appropriately designed manholes. 

Description 

Direct measurements are made of the velocity and area (derived from level and channel geometry) of the fluid stream. Flow is calculated as the product of velocity times area following the continuity equation. A velocity-area flow measurement system consists of the required set of sensors installed into the channel or conduit at a suitable location and the associated signal-processing instrumentation. The computation of flow from the sensor measurements incorporates the geometrical dimensions of the stream, as well as site-specific velocity correction coefficients.

This method is applied directly to improved or man-made channels and partially filled conduits or pipes.  Hydraulic measuring structures (primary devices) are not required. The method requires only installation of a suitable sensor component assembly that presents minimal obstruction to the fluid stream. 

Velocity-area methods are adaptable to any shape and size of conduit or channel. However, most methods require at least a minimum depth and velocity of flow for the installed sensors to perform accurately. To achieve the required flow measurement accuracy in higher flow rates, it may be necessary to mount several velocity sensors in the flow stream. One velocity sensor is often not adequate to characterize the average velocity of the flow regime.   

Installation 

· The channel at the location of flow measurement should be relatively straight over a distance equivalent to 10 times the width of the channel upstream and downstream. The surfaces of the channel or pipe should be smooth and free of irregularities and obstructions to avoid producing a disturbed velocity profile. 

· The location of the velocity sensor(s) should ensure an accurate representation of the flow velocity. 

· The water depth at low flows should be sufficient to allow proper operation of the velocity sensor(s). 

· The sensor assembly is usually installed on a mounting band or support structure designed to suit the contour of the stream, channel or conduit. The sensors should be well fastened or supported within the channel. 

· Access to all sensor assembly components and associated secondary measuring device(s) should be provided to permit regular inspection and maintenance. 

· A staff gauge for head level measurement should be permanently installed at an appropriate location to provide a quick visual indication of the operating water level. 

· The liquid level sensor should be calibrated and corrected to the zero reference level of 
the bottom or invert of the channel or pipe. 

Periodic Maintenance and Calibration 

· The flow measurement location and sensor(s) should be kept clean and free of growth, sediment accumulation and debris. 

· The “zero” reference of the secondary measuring device should be checked regularly under a “no flow” condition. If this is not possible, a calibration plate can be installed 
to check referencing of the secondary measuring device. 

Calibration of Flow Measurement Systems 

In situ calibrations are necessary to establish and confirm conformance with the specified requirements for flow measurement accuracy. All flow measurement systems for final discharge points should be calibrated in situ as part of the commissioning phase. The calibration method used to establish and confirm flow measurement accuracy should have accuracy within plus or minus 5%. 
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