
The Benefits of Instrumentation and Monitoring 
for Coal Combustion Residual Facilities Closed-In-Place 

Introduction 

Geotechnical instrumentation is used at the Tennessee Valley Authority’s (TVA) Coal Combustion Residual 
(CCR) facilities to monitor the behavior of CCR retaining structures during both active operations and closure-
in-place.   During active operations, the focus of the monitoring program is on impounded water bodies and 
the structural performance/response of dikes and dams that retain these bodies of water.  However, when 
closure in-place of a CCR facility begins, the purpose of the monitoring program shifts from monitoring the 
activities associated with pond operations to assessing the success and benefits of the closure effort which 
typically includes removing impounded water bodies (ponds) and eliminating surface water infiltration.  

TVA evaluates the expected performance for a closed CCR unit and identifies potential failure modes that the 
unit may experience over the predicted lifetime of the facility.  This evaluation is used to design an effective 
instrumentation program to observe key performance metrics after closure-in-place.  The complete set of 
observations utilizing both instrumentation installed during active operations and closure-in-place provide a 
comprehensive and cost-effective post-closure performance monitoring program. 

In this paper we will: 

 Provide an overview of the TVA Instrumentation and Monitoring Program 
 Discuss the process for evaluation and design of a post-closure instrumentation program 
 Provide an example of a closed- in-place CCR structure and its history 
 Provide details of the closure-focused monitoring program 
 Provide data that have been used to evaluate post-closure performance and provide an assessment of the 

cost and value delivered by the instrumentation program 

Instrumentation and Monitoring Program 

In 2010, TVA began instrumenting each of their CCR facilities with manual piezometers, inclinometers, weather 
stations, and settlement monuments to monitor water levels, weather events, and both vertical and lateral 
movement.  After the instruments were installed in 2011, they were automated with Automatic Data 
Acquisition System (ADAS) at TVA’s eleven fossil plant sites. It should be noted that in 2011 the technology for 
collecting automated instrumentation data was just beginning in the Dam Safety industry and it was therefore 
only used at discrete sites due to the expense and limited communication methods for collecting the data. 
Typical 2011 ADAS installations are shown in Figure 1. 
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Figure 1 – Typical Automated Data Acquisition System Installations 

TVA then continued installing instrumentation at each of their facilities for various operational monitoring 
needs. Each instrument was incorporated into the ADAS system and the overall monitoring program. 
Currently, the monitored sites typically have between 130 to 180 instruments, and the ADAS collects data from 
each instrument location every 5 minutes. This results in about 2,000 readings per hour for each site and it 
equates to approximately 21,000 readings per hour across the TVA fossil plant fleet. 

In 2012 in collaboration with Geocomp Corporation, TVA implemented a web-based data collection and 
reporting system that combined a Geographical Information System (GIS) and automated data collection from 
the site ADAS that allowed geolocation of each instrument and displayed calculated instrument data to local 
elevations.  The system, known as iSiteCentral (iSite), has several key features and functions: 

 Users can see the automated instrumentation in real-time. 
 Users can review and report current and historical data in charts, graphs, and data tables. 
 Users can upload and store pertinent engineering documents, including data and reports to add to the 

monitoring knowledge and time history experience. 
 Multiple GIS layers can be displayed in the iSite system. These layers combined with the instrument data 

and documentation allows the user to visualize a 3-Dimensional picture of each facility. Examples of some 
of these layers include: aerial maps, multiple embankment cross-sections, plan views, pipes, and 
structures. 

 Administrators can set up, and users can receive automated alerts for weather events, seismic events, and 
instrumentation stability triggers. 

Examples of these key features and alerts can be seen in Figures 2 and 3 respectively. 
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Figure 2 – Visual Examples of Key iSiteCentral Database Features 

 

Figure 3 – Example of Rainfall and Earthquake Notification Alerts 

 

  
 

Interactive mapping allow users 
to navigate the site. 

Surface model rendering using 
TVA flown LiDAR data set. 

Mobile interaction with system 
and site specific information. 

JSF - John Sevier 

Accumulation 5.55 in 

Accumulation over the past 

15 min 0.00 inches 

30 min 0.00 inches 

1 hour 0.00 inches 

2 hours 0.05 inches 

6 hours 0.10 inches 

12 hours 0.18 inches 

24 hours 0.98 inches 

Event Started 2/19/2019 5:50 PM 

Event Triggered 2/19/2019 9:55 PM 

Total Duration 4 day 19 hours 15 min 

 

 Earthquake Notification 
Tennessee Valley Authority 

M4.4 11km NNE of Decatur, 
Tennessee 
12/12/2018 3:14:43 AM CST 
more info 
Site Miles
Watts Bar Hydro (WBH) 3
Kingston (KIF) 30
Tellico (TEC) 36
Fort Loudoun (FLH) 37
Bull Run (BRF) 53
Widows Creek (WCF) 93
Gallatin (GAF) 130
John Sevier (JSF) 138
Paradise (PAF) 210
Cumberland (CUF) 212
Colbert (COF) 227
Johnsonville (JOF) 227
Pickwick (PKH) 248
Shawnee (SHF) 309
Allen (ALF) 376
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iSiteCentral assists TVA in lowering the risk of instability from occurring by processing and presenting the data 
collected in the system in an easily accessible and manageable format.  It helps to assure stability of CCR 
impoundments by monitoring the instruments 24 hours a day, 365 days a year.  Responsible personnel are 
always aware of the current stability performance at each of TVA’s CCP facilities.  The advanced notification 
features included in iSiteCentral ensure that users are informed of unexpected changes, system outages, and 
allows them to access the data at all times on all types of devices including mobile devices (phones and 
tablets). 

As part of the overall risk reduction process TVA created the Advanced Technology for Instrumentation and 
Monitoring Center (ATIM), shown in Figure 4.  The ATIM serves as a command center and central meeting 
place for staff to gather and evaluate events when an alert is triggered.  The center is also used as a meeting 
space for project planning, data evaluation, and training. 

Figure 4 – Advanced Technology for Instrumentation and Monitoring Center 

 
Evaluation of Monitoring Program for Closure 

In the previous section it was discussed that the original intent of the instrumentation and monitoring program 
was to monitor facilities during active operations.  The instrumentation scheme for each facility was designed 
and installed based on potential structural risks associated with impounded CCR and water.  Some of the risks 
include the potential for slope instability from weak foundation soils, impoundment overtopping, earthquake 
ground-motions, and rapid drawdown from adjacent water bodies.  Potential failure modes such as these were 
evaluated at locations along the length of each CCR unit, and instruments were installed in areas identified 
where failures were most likely to occur.  This strategy has been proven to be an effective model for the design 
and implementation of TVA’s instrumentation and monitoring program. 

As TVA converts operations to dry containment of CCR, they have to select a means to retire the existing 
impoundments.  One method currently used by TVA for impoundment retirement is to remove the free water 
in the impoundment, stabilize the CCR, and fill and grade the impoundment to support a membrane cap. This 
process is typically referred to as “Cap and Close” or “Closure-In-Place”. When this method is chosen as a 
means to retire a unit, engineers need to consider the long-term structural risks associated with this type of 
closure.  TVA engineers decided to use the same potential failure mode risk framework that was established 
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for active operations as a basis for monitoring facilities in post-closure.  As part of the design phase of the post 
closure program, TVA evaluates the need for instruments to support risks associated with closure construction 
and post-closure events. 

To support the post-closure construction phase, TVA evaluates risks associated with rapid drawdown of the 
free water in the impoundment, instability of construction equipment on the partially saturated CCR, and rapid 
loading of the foundation materials during the grading and capping operation.  To monitor these risks, TVA 
uses the existing instrumentation infrastructure and adds additional instruments – normally in the center of 
the CCR unit. These additional instruments provide equipment operators and construction management 
personnel with data that they can use to understand the pore pressure conditions in the partially saturated 
CCRs.  Loading rates can be evaluated in near real-time by the comparison of pore pressure versus time.  Once 
the grading and cap work is complete, the existing instruments remain in-place and new instruments to 
support monitoring the post-closure condition are added.   

The post-closure monitoring evaluation is considered the most unique portion of the design due to the dual 
purpose of the instrumentation.  The two main components of the post closure evaluation include 
performance-based risk monitoring and risk mitigation.  The evaluation of a performance-based risk 
monitoring program is focused on evaluating potential failure modes such as slope instability due to weak 
foundation soils and earthquake induced ground-motions and determining if the existing instrumentation is 
sufficient for the closure design. The risk mitigation monitoring program however is evaluated based on the 
prediction of future performance due to the benefits of capping the CCR.  The existing instrumentation has to 
be evaluated to ensure it will continue to provide meaningful data for decades.  It has to be evaluated using 
predicted pore pressure conditions and comparing the depths of the existing instruments.  If these instruments 
are above the predicted, reduced, phreatic condition then new instruments will need to be installed.  In most 
cases, TVA has installed multi-level, vibrating wire transducers and embedded them in a grouted column to 
match the porewater pressure conditions of the surrounding CCR soils.  This type of instrument installation 
assures long-term performance and the results have shown very accurate responses to small pressure changes 
over time.  Spatial variation of the existing instruments is also evaluated to ensure adequate and uniform 
coverage of the future conditions.  In most closure designs, TVA typically adds additional piezometers to meet 
this requirement.  

Another element to consider is the prediction of settlement over time as the CCR consolidates due to a 
reduction in the phreatic surface.  Small settlements noted at a facility post-closure is a good sign of risk 
mitigation due to the benefit of the cap, but significant settlements could be a concern for the overall 
performance of the liner membrane.  TVA incorporates the use of Sondex or Extensometer settlement 
monitoring systems in the center of the CCR units because the center areas of the units typically have the 
highest elevations, and therefore the most potential for the largest settlements.  

The design and evaluation phase for Closure-In-Place of a CCR facility should always incorporate a robust 
monitoring program as it is the true measure of the benefit of this method of facility retirement. TVA has 
multiple Closure-In-Place facilities with robust monitoring systems and the next section provides an example of 
the benefits of closure monitoring. 
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Example of Closure-In-Place Monitoring 

The John Sevier Fossil (JSF) Plant is located in northeast Tennessee near Rogersville, in Hawkins County, 
approximately 30 miles west of Kingsport. The facility was constructed along the southern bank of the Holston 
River in the headwaters of Cherokee Lake. An overview of JSF and its facilities is provided in Figure 5. 

Figure 5 – Plant Overview Map 

TVA ceased operations at JSF at the end of the calendar year in 2012. The facility retired its four coal-fired 
generating units as of December 31, 2013. 

The JSF Bottom Ash Pond (BAP) shown in Figure 6 covered approximately 42 acres and consisted of three sub-
areas located from east to west: Dredge Cell, Intermediate Pond, and Stilling Pond.  The BAP was formed by 
constructing a 20-foot tall, 8,600-foot long earthen dike. 
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Figure 6 – Bottom Ash Pond Sub-Areas 

 
During plant operations, the BAP received sluiced bottom ash, intermittent fly ash sluice water, effluent from 
the Coal Yard Runoff Pond and Chemical Treatment Ponds, as well as process flows from the JSF plant.  Flows 
entered the BAP in the northeast corner and flowed west into the Intermediate Pond, and then into the Stilling 
Pond prior to discharging through the permitted spillways to the Holston River. 

Closure of the Bottom Ash Pond consisted of lowering the operational pool level, removing ash from the 
Intermediate Pond and Stilling Pond, and stacking the ash in the Dredge Cell Area. The closure project also 
included construction of an earthen berm within the Intermediate Pond area to serve as the western boundary 
of the Stacking Area. 

Once the CCR was consolidated, final closure consisted of constructing a geosynthetic cap system over the 
stacked ash, constructing drainage ditches and stormwater outfalls, grading the Intermediate Pond and Stilling 
Pond areas, constructing a perimeter access road, and placing sod to stabilize disturbed areas of the site. 
Figure 7 shows an aerial view of the Closed-In-Place impoundment. 
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Figure 7 – Aerial view of the completed Closure-in-Place of the John Sevier Bottom Ash Pond 

During operation, the BAP facility instrumentation consisted of five standpipe piezometers located along the 
perimeter dike system to evaluate the phreatic surface for slope stability monitoring. These instruments were 
installed in 2009 and were read manually on a monthly basis until 2017. The data was compared to an 
automated pond level gauge that was installed in 2012 and retired in 2016 after the pond was removed. 
During the monthly monitoring, the data was used for comparing water level measurements to slope stability 
calculations to ensure safety factors met the industry standard criteria. 

The closure instrumentation design was performed in steps. The first portion of the closure evaluation 
compared the past performance of the existing standpipe piezometers and the strata to which the screens 
were nested.  It was determined that two of the instruments were no longer needed for long-term monitoring 
based on their screen locations.  The second portion of the evaluation looked at the need for additional 
instrumentation based on the spatial coverage to monitor the site consistently.  It was determined that four 
additional vibrating wire transducers, grouted in place, would be needed to evaluate the facility long-term.  An 
example of a vibrating wire transducer installation is shown in Figure 8. 



The Benefits of Instrumentation and Monitoring 
for Coal Combustion Residual Facilities Closed-In-Place Page 9 of 15 

Figure 8 –Example of Vibrating Wire Transducer Installation 

 
It was also determined that two extensometer settlement systems should be installed in the center of the CCR 
facility to monitor long-term settlement.  At each of the extensometer locations, three spider magnets and a 
bottom anchor were installed to adequately evaluate settlement with depth.  An example of an extensometer 
installation is shown in Figure 9. 
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Figure 9 –Example of Extensometer Settlement Monitoring System Installation 

 
The final design and installation of the instrumentation system has allowed TVA to reach the goal of 
monitoring for dual purposes: performance-based risk monitoring and risk mitigation.  A discussion of the 
monitoring system results from the original installation to the present state is provided in the next section.  
Figure 10 provides a final design drawing of the Closure-In-Place monitoring system. 
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Figure 10 – Instrumentation plan view of the final closure monitoring system 

 
Data Performance of the John Sevier Monitoring System 

As previously discussed in the closure monitoring evaluation section, TVA’s performance criteria for the final 
closure instrumentation program is to provide continuous information for risk monitoring as it pertains to the 
long-term stability of the facility and also provide information that supports risk mitigation of the closure cap 
system.  The data below provides an evaluation of past performance during pond operation, performance 
during construction, and the performance of the present closure program.  

Data is presented in Figure 11 from two piezometers at the JSF Bottom Ash Pond - PZBA2 and PZBA3. The data 
shown includes manual readings (shown as circle markers) prior to the pond closure, and the automated 
readings (shown as lines) collected after completion of the cap.   

Prior to the pond closure work, the piezometric levels at these two instruments demonstrated long-term 
stability as shown in Figure 11. This is largely due to the static level in the waste pond between 2009 and 2015 
(note that manual readings are not likely to capture any shorter-term effects on piezometric elevation 
resulting from changes in pond levels resulting from transient rain events).  

In November 2015 the pond closure work began.  The last manual piezometer reading prior to closure was at 
the end of June 2015, and the instruments were not read again until May 2016.  The later manual readings 
(May 2016 to May 2017) in Figure 11, show a significant reduction in piezometric elevation at both locations of 
about 4 feet.   This is consistent with the closure activities that included pond level lowering, ash consolidation 
and removal, and the completion of the cap in February 2017 

At the end start of July 2017 the automated data logging system was activated and data were collected every 
hour.  The data in Figure 11 show a continued and beneficial reduction in piezometric elevation of about 5 feet 
after the closure. 
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Figure 11 – Manual and Automated Piezometer Readings at JSF Bottom Ash Pond 

 
Data presented in Figure 12 shows the total recorded rainfall by month from the automated monitoring 
system at the JSF facility, along with the automated piezometer data after closure of the pond.  The rainfall 
data indicates monthly rainfall totals over 43 inches in February and March 2018, and a longer period of 
significantly wetter months between August 2018 and January 2019.   The data from the piezometers show a 
slowing of the rate of piezometric elevation reduction during these wetter months/periods.  This suggests that 
there is a weak correlation between these instruments and the site groundwater levels.   The general 
conclusion is that the piezometric elevations at both instrument locations continue to reduce with time at a 
rate of about 2 to 3 feet per year. 
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Figure 12 – Monthly rainfall and Automated Piezometer Readings at JSF Bottom Ash Pond After Pond Closure 

 
The settlement monitoring results have not shown any significant settlement or consolidation due to 
previously placed CCR. This result is as expected, and mostly due to the type of CCR placed at the facility which 
was bottom ash.  Bottom ash is a coarse material that is free draining and consolidation settlement typically 
occurs at the time of placement. TVA will continue to monitor the settlement systems for evaluation of the 
liner performance over time to ensure it stays intact long-term. 

Conclusion 

TVA revolutionized the method of monitoring dams and CCR facilities during both active operations and 
closure-in place with state-of-the-art instrumentation networks and monitoring capabilities. These efficiently 
designed, and fully automated monitoring systems deliver real-time data to all users through iSiteCentral and 
give users immediate insight into the facility performance.  The result is that these systems have lowered - and 
will continue to reduce - the risk of catastrophic events, helping TVA to provide reliable power to the 
Tennessee Valley. 
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TVA has also developed a state-of-the-art approach for effectively monitoring risk behaviors during a closure-
in-place method for retiring CCR facilities.  This method has proven to be effective during the closure 
construction phase for reducing construction induced failures and preventing workers from encountering 
unknown hazards while working at facilities with partially saturated CCRs.  The complete program has proven 
to be effective in providing valuable information on the performance of the risk mitigation of capping CCR 
impoundments by showing reductions in pore pressures contained in closed CCR structures over time. 

The systematic process of post-closure stability analysis and instrumentation program revisions focusing on 
validating the positive effects of the closure has proven to be successful.  The automated system with 
iSiteCentral as a window into the data gives TVA the tools and the data to demonstrate the effectiveness of 
their closure methods and the reduced risk of instability. 
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ABSTRACT 

Geotechnical instrumentation is used at 1Tennessee Valley Authority’s Coal Combustion Residual (CCR) 
facilities to monitor the behavior of CCR retaining structures. Instrumentation installations are typically 
focused on monitoring impounded water bodies and the structural performance/response of dikes and dams 
that retain these bodies of water.   

However, once a decision is made to close a CCR unit in place, the purpose of the instrumentation shifts from 
monitoring activities associated with pond operations to monitoring and assessing the benefits of removing 
the pond and eliminating surface water infiltration.  

During the planning of facility closure, an owner should evaluate the expectations of the closed CCR unit’s 
performance and address any future potential failure modes that the unit may experience over the predicted 
lifetime of the facility.  This type of thoughtful evaluation will help the owner to better design the types of 
additional instrumentation to be installed to complement existing instrumentation and to determine the 
appropriate locations for these installations that will provide the basis for a comprehensive post-closure 
performance monitoring program.   

This paper presents case histories for closed-in-place CCR facilities owned by the Tennessee Valley Authority.  
For each site we will describe the instrumentation program - purpose and design – and describe the closure 
activities undertaken.  We will also present data to show how the CCR facilities have performed and discuss 
how the data has been used by TVA to support risk management and regulatory needs. 


