Project Synopsis
Location:

Beckley, West Virginia – Part of an approximately 500-acre watershed

Overview:

In February 2017, a passive retention pond was retrofitted with Continuous
Monitoring and Adaptive Control (CMAC) technology. Data analysis,
optimization, and site operations are ongoing.

Timeline:

Oct 2012 – Passive Detention Pond construction begun
Oct 2013 – Passive Detention Pond completed
July 2016 – CMAC Project development begun
February 2017 – CMAC Pond “iPond” goes online
April 2017 – iPond retrofitted with a new weir, nearly doubling capacity of pond
storage
Ongoing – iPond is generating helpful data and serving a great purpose. Opti
and BSB continue to monitor iPond, in order to optimize its performance.

Project Background
The Beckley Sanitary Board partnered with other state and federal agencies (West Virginia
Department of Highways, Southern Conservation District, West Virginia Conservation Agency,
and Piney Creek Watershed Association) to address an issue of flooding along State Rt. 16 at
the confluence of two stormwater watersheds. The Robert C Byrd Dr. watershed (35%
impervious) and Ewart Avenue watershed (12% impervious).
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Upgrading the existing infrastructure
along Route 16 was costlier and more
structurally extensive than expected so
an alternative solution was sought.
After careful analysis and
collaboration, it was determined that
constructing a detention pond on City
property to capture and detain runoff
from the Ewart Avenue watershed
during significant rain events, would
reduce the quantity of water flowing
into the flood-prone area. The Ewart
Avenue detention pond was installed in 2012 to reduce flooding at the intersection and to
provide a settling environment for total suspended solids (TSS) thus improving water quality.
Unfortunately, the pond was not able to be sized large enough to manage major storm events.
As such, more performance was require and BSB needed other water quality/TMDL
requirements as well. In the interest of learning how flood control (detention) facilities could be
used for water quality (retention). BSB partnered with Opti in 2016 to evaluate Continuous
Monitoring and Adaptive Control (CMAC) technology for this detention basin.

The convergence of two watersheds, Robert C Byrd & Ewart Ave, resulted in flooding 5-lanes wide due to
the infrastructure not having the capacity to convey the stormwater during moderately intense rainfall.
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Project Objectives

•
•
•

Minimize discharge from the pond during storm events
Provide a consistent post-storm retention time to improve runoff quality before it is
released downstream.
Collect real-time data and automatic alerts enabling BSB to coordinate maintenance
efforts and improve public safety around severe rain events.

Methodology and Technology Overview
The method by which the Ewart Ave. stormwater pond is converted to a real-time, data-driven,
adaptive control structure is continuous monitoring and adaptive control (CMAC). CMAC
technology continuously modulates the 18" valve installed on the existing outlet structure's low
flow orifice, based on the pond water level and the precipitation forecast.
The components of CMAC includes flow gauges downstream of the pond, a control box and
battery backup which receives and sends data so adjustments can be made, an actuated
butterfly valve which controls the amount of water being discharged from the watershed, and a
pressure transducer to determine the capacity of the detention pond.
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The logic of the control system is as follows:
●
●
●
●
●

The pond has a base flow condition during dry weather.
In advance of wet weather, the valve closes to 0% open, capturing storm runoff in the
pond.
If the forecasted runoff volume is larger than the available storage in the pond, the valve
opens further to pass the minimum flow rate required to avoid an overflow.
After a storm event, runoff is retained in the pond for 48 hours, then gradually released
downstream over the following 12 hours.
If another storm event enters the 24-hour forecast window during the retention period,
the system responds by gradually drawing the pond down early, as needed.
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Figure 4. Online dashboard view of rainfall, water volume, and total suspended solids at the iPond site
during a summer storm in 2017. When the valve was closed to reduce flow, water volume increased and
suspended solids began settling.

System Performance and Results
By comparing the observed system performance with a simulated passive system with the same
watershed characteristics, we can quantify the benefits of implementing CMAC at iPond with
respect to water quality, channel protection, and flood risk mitigation.
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Increased Water Quality

Chart above shows the average age of water leaving the outflow for both the observed CMAC iPond (45
hr) and for a simulated passive pond (1 hr). Average retention time in iPond (blue), and for a passive
system with the same watershed characteristics (red).
Table 1. Average retention time of water in iPond,
and passive system with the same watershed
characteristics. Incremental Removal Efficiencies
based on Chesapeake Bay Removal Curves
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Improved Channel Protection
Downstream erosion reduction was achieved by reducing the frequency of high flow rates from
the pond.

Chart shows a flow duration curve for both iPond as observed (CMAC) and for a simulated
passive system with the same hydraulic and hydrologic conditions. We see the implementation of
CMAC led to a decrease in the frequency of discharge rates below approximately 10 cfs, with
higher flow rates primarily unchanged due to storms that overtopped the system. For medium and
small storms, the connected and controlled system modulates the low flow valve to discharge at
the slowest rate allowable to prevent overtopping. Flow duration curve for iPond (blue) and for a
simulated passive system with the same hydraulic and hydrologic conditions (orange). The
observed CMAC system reduced peak flow rates relative to the simulated passive system (e.g.,
60% of passive flows exceeded 1 cfs, whereas only 35% of CMAC flows exceeded 1 cfs). Flows
of 0 cfs were omitted from this analysis.

Flood Mitigation
Based on local observations and reports, the intersection of Robert C Byrd Dr. and Ewart Ave
has experienced no flooding since the implementation of CMAC at iPond.
Figure shows completed
iPond, detaining runoff
from Ewart Ave
subwatershed,
preventing flooding
downstream at the
convergence of
watersheds
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Temporally coincident iPond discharge (horizontal axis) and downstream water level at Byrd and Ewart
Intersection (vertical axis). Blue is the observed CMAC relationship, and red is the simulated passive
relationship based on the developed correlation and the passive pond discharge model. Randomness
was introduced to the passive model based on the mean and standard deviation of the observed
residuals.

We see that the CMAC system is able to keep discharge rates lower by controlling the
outflow valve, thus reducing the likelihood of high downstream water levels.
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By mapping the relationship between iPond discharge and downstream water level to
the probability of exceedance for a range of discharge rates, we’re able to estimate
downstream water levels at the Byrd and Ewart intersection for a simulated passive
system, and compare the results to the observed CMAC water levels.

Community Benefits
•

•

•

•
•

Reduces roadway flooding of the downstream intersection. (An intersection is five (5)
lanes wide with approximately 25,000 vehicles per day traveling it into Southern West
Virginia’s hub city of Beckley.)
Early warning notifications to when the area may be at risk of flooding so that First
Responders can be on site more quickly to redirect traffic or correct any problems to
prevent the area from flooding.
Provides a cost-effective solution to the ratepayers of the BSB’s stormwater utility. It
protects them from having to make a significant public investment in costly traditional
grey infrastructure upgrades to convey the increased runoff volume due to urbanization
and increased impervious areas.
Helps with strategic planning of any future infrastructure upgrades by quantifying data so
that more cost-effective upgrades can be performed.
Protects the stream channel and the natural environment so that the community has
better water quality in the future.

About Beckley Sanitary Board
The Beckley Sanitary Board (BSB) in the City of Beckley, West Virginia has been providing
sanitary sewer collection and wastewater treatment for over 80 years. Since 2007, BSB has
operated a stormwater utility to manage runoff in its urban watershed and is currently serving
about 10,000 stormwater customers and 7,500 sewer customers.
Beckley Sanitary Board Team:

iPond Project Partners:

Contact Information:
Jeremiah Johnson, General Manager
(304) 256-1760
301 S. Heber Street
Beckley, WV 25801
CustomerService@BeckleySanitaryBoard.org
www.BeckleySanitaryBoard.org
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