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1.0 Introduction  

The purpose of this project is to allow TVA to abandon/permanently close the existing concrete 
pipe riser/outlet spillways in Pond C at Ash Disposal Area 2, and to allow the facility to operate 
at a lower than current pool level.  This will eliminate the current tall, unsupported spillway 
structures that have questionable joint integrity.  It will also allow an increased freeboard and 
reduction of seepage pressures on the dikes.  All of these enhance the safety of the dikes. 

2.0 Preliminary Design Summary 

The current elevation in Pond C is approximately 387.5’.  Pool drawdown will be accomplished 
by the installation of a temporary siphon outlet consisting of four (4) 18” nominal diameter HDPE 
pipes.  These pipes will be installed over the existing dike and discharge into Kentucky Lake.  
They will be regulated using gate valves near the downstream end.  The siphon outlet will be 
operated to draw down the elevation in the lake to approximately 378.0’ over a period of no 
more than ten days.  The siphons will then be used to maintain this elevation during 
construction of the new permanent spillway system and decommissioning of the current outlet 
structures. 

The new permanent spillways will consist of six (6) precast concrete inlet boxes, in which 
removable fiberglass stoplogs will be used to control the normal pool elevation.  These boxes 
will be placed on the upstream slope of the Pond C dike, and will discharge through six (6) 30” 
nominal diameter HDPE pipes.  These pipes will extend through the dike and run along the 
downstream slope before discharging through an energy dissipater structure into Kentucky 
Lake.  The permanent spillway structures were designed to maintain the permanent pool 
elevation at approximately 384.5’ while passing the 6-hour PMP storm through the pond with 
over 1’ of freeboard. 

3.0 Final Design 

3.1 TEMPORARY SIPHON DRAWDOWN 

The initial step in the design process was to design the drawdown mechanism.  A siphon 
spillway was selected because: 

1. It is a simple design with relatively quick construction. 
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2. Pumps are only required for priming, siphon is driven by potential energy during 
operation so it is energy efficient. 

3. It can be removed and reused once the permanent spillways are in place. 

4. Only minor excavation is required on the dikes. 

3.1.1 Criteria 

The temporary siphon spillway structures were designed to convey the typical daily flow of 32 
MGD from Ash Pond C to Kentucky Lake, as well as provide additional conveyance capacity to 
draw down the water level in Ash Pond C from 387.5’ to 378.0’ over a period of no more than 
ten days.  Also considered in the design was the need to maintain a free water volume of 
267,000 cubic yards (CY) in Ash Ponds A, B, and C of Ash Disposal Area 2. 

3.1.2 Layout 

The siphon outlet will be placed over the southwest dike of the ash pond approximately 250’ 
north of the northernmost existing spillway.  This will allow it to pull water from Pond C.  Since 
Pond C is the most downstream pond in the stilling area, most ash will have settled out, allowing 
water with the lowest TSS levels to be discharged into Kentucky Lake.  

3.1.3 Design 

The low water drawdown elevation in Pond C of 378.0’ was selected so that construction on the 
permanent spillways can occur without the need for cofferdams on the upstream face of the 
dike, and to provide immediate relief to seepage pressures on the exterior dikes.  The 
drawdown amount is limited since TVA is required to maintain a free water volume of 267,000 
CY in Ponds A, B, and C combined.  A recent hydrographic survey of the ponds was provided 
by TVA.  This information was used to check the free water volume at proposed drawdown 
elevations.  Drawdown to elevation 378.0’ leaves approximately 244,000 CY of free water 
volume remaining in the ponds.  Based on estimates from TVA, approximately 3,000 CY of free 
water volume is lost each month due to settled ash.  If the water is drawn down for an assumed 
8 months, this would result in a loss of 24,000 CY of free water volume.  This leaves 
approximately 220,000 CY of free water volume, resulting in a deficit of 47,000 CY when 
compared to the required free water volume.  TVA is currently performing dredging operations in 
the ponds that will result in removal of greater than 47,000 CY of material to provide the 
required 267,000 CY of free water volume. 

The siphons will be constructed of high density polyethylene (HDPE) pipe.  This material was 
chosen because a siphon must be airtight.  HDPE pipe joints are fused to create an airtight seal.  
HDPE pipe is also flexible and can conform to existing ground contours, reducing the required 
number of joints when compared to other pipe materials.  It is also relatively lightweight, 
allowing smaller equipment to be used during installation. 
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The siphon drawdown system at JOF will consist of four (4) 18” DR17 HDPE pipe runs.  This 
configuration was selected based on several criteria, including cost, pool drawdown and 
maintenance ability, and resistance to pipe collapse.   

The siphon system was designed to complete pool drawdown within ten (10) days of operation 
and maintain a normal base flow of 32 million gallons per day (MGD).  Drawdown from the 
current elevation of 387.5’ to 378.0’ will require removal of approximately 280 acre-feet (ac-ft) of 
water in addition to the base flow.  The drawdown will be gradual (over a period of 7-10 days) to 
allow pore pressures in the dikes to dissipate.  However, depending on relative water surface 
elevations in the ash pond and Kentucky Lake, the four (4) 18” DR17 HDPE pipe runs may have 
additional capacity beyond the required baseflow and drawdown volume.  Therefore, flows out 
of these pipes will need to be regulated using the gate valves near the downstream end.   

The water surface elevation in the ash pond should be monitored during drawdown to verify that 
it is not being lowered by more than 0.5” per hour.  A staff gage with alternating colored marks 
at 0.1’ intervals and whole foot call-outs will be installed and calibrated.  This gage will be used 
to measure the rate of drawdown and also when the pond elevation has dropped to 378.0’ ±0.5’.  
In addition, flow velocities in the siphon system should be limited to approximately 15 feet per 
second to avoid flow separation in the lines.  To regulate flow through the siphons, the valves on 
multiple pipe runs should be partially closed, if possible, as opposed to completely closing one 
pipe run.  This will eliminate the need to reprime the run if additional conveyance is needed due 
to a large storm event or above average inflow.  However, complete closure of one or more 
lines may be necessary depending on relative water surface elevations.  Once initial drawdown 
is completed, the siphon valves should be adjusted and the water elevation in the ash pond 
should be observed to verify that the siphons are maintaining the pool level at 378.0’ ± 0.5’.  
Maintenance of the pool will likely involve complete shutdown of one siphon run and regulating 
two of the runs by ½ closures of the gate valves. 

A pipe collapse check was performed to verify that the wall thickness selected would be able to 
withstand the negative pressures over the dike crest during operation.  Because a siphon flows 
up from the ash pond over the dike, negative pressures result.  The worst case scenario occurs 
when the water in the ash pond is at its lowest drawdown level.  Under the worst case scenario 
(Ash Pond C at elevation 378.0’), the maximum negative pressure in the pipe over the dike crest 
was approximately 10 psi.  DR17 HDPE pipe is able to withstand a vacuum pressure of 14 psi 
for 1 year.  Supporting calculations can be found in Appendix A. 

The siphons will be installed over the existing dike.  They will run through 24” steel casing over 
the dike crest and will be covered with aggregate to protect the pipes from traffic.  The pipes will 
lay along the downslope where they will discharge into Kentucky Lake.  The outlet of the pipe 
will be fitted with a 45 degree elbow so that discharge sprays up at the outlet and does not 
shoot directly on the slope below.  The outlet elevation was selected so that it discharges above 
the summer pool easement elevation for Kentucky Lake.  Downstream of the outlet, a 3.5’ thick 
layer of Class C Machine Grade riprap will be placed to provide scour protection.  On the ash 
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pond side of the dike, the siphon pipe will lie along the bed of the pond and will be held in place 
with concrete anchors near the outlet.  Keeping the pipe submerged will limit the amount of 
priming necessary at startup.  Excavation will be necessary in the pond so that the pipe can stay 
submerged when the pond is drawn down to 378.0’.  Currently, hydrographic surveys of the 
pond indicate ash levels are above the 378.0’ elevation for a distance of approximately 100’ 
from the dike.  An area will need to be excavated for placement of the siphon pipes. 

The upstream inlet of each siphon run will extend into the deeper part of the pond and be fitted 
with a torpedo strainer to prevent vortex formation as water is drawn into the siphon.  In typical 
siphon installations, the inlet is kept near the bottom of the reservoir to prevent pulling of surface 
air into the siphon.  In this application, however, it is equally important to not pull fly ash from the 
bottom of the pond into the siphon.  Velocities in the siphon for the design conditions will be in 
the range of 15 feet per second; this would likely pull material off the bottom of the lake if the 
inlet was a simple pipe stub.  The torpedo strainer consists of several drilled holes along the 
most upstream 30’ of pipe.  This serves to increase the inlet cross sectional area so that the 
maximum inlet velocity is limited to 1.5 feet per second.  This will significantly reduce the 
potential for the siphon to pull fly ash off the pond bed.  Supporting calculations for the torpedo 
strainers can be found in Appendix A. 

3.1.4 Hydrologic / Hydraulic Considerations 

Flow through each pipe run is primarily dependent on the relative water surface elevations in the 
ash pond and Kentucky Lake.  The head differential between these two bodies of water is what 
drives flow through the siphon.  With increased head differential, the flow rate through each pipe 
is increased.  Therefore, siphon performance was evaluated under current and post-drawdown 
levels in the ash pond.  

The Bernoulli equation was used to estimate flows through the siphon system.  Head losses in 
the siphon system were represented by frictional losses along the pipe walls and minor losses 
due to valves, etc.  The Darcy-Weisbach formula was used to predict frictional losses.  Minor 
loss coefficients were included for entrance and exit losses, as well as minor losses due to pipe 
bends and the gate valves near the exit.  The computations and assumptions included in 
computing flows through the siphon can be found in Appendix A.  Also included in Appendix A is 
a summary of the various head and valve conditions under which the siphon may potentially be 
operated. 

3.1.5 Operation 

Operation of the siphon spillways will first require priming of the siphon.  A Dri-Prime pump will 
be needed during this process.  These pumps are fitted with a venturi mechanism that allows air 
to be sucked out of the siphon.  The steps for priming of the siphon are: 

1. Completely close gate valve at siphon outlet. 
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2. Connect hose to quick connect fitting on fill port and pump water (using Dri-Prime pump) 
from ash pond into downstream section of the siphon.  Fill downstream section 
completely. 

3. Once downstream section is filled, reverse direction of pump and suck air out of 
upstream end of pipe (this will simultaneously pull water from the ash pond into the 
upstream section of the siphon). 

4. Once the Dri-Prime pump begins to discharge water instead of air, close the ball valve 
on the fill port.  The entire siphon should now be filled with water. 

5. Remove hose from quick connect at fill port. 

6. Ensure no workers are present downstream of the outlet. 

7. Open gate valve near outlet.  This will start the siphon.  

8. Regulate gate valves for drawdown and pool maintenance.  During initial pool 
drawdown, monitor pool elevation hourly and adjust valves so that pool is not lowered 
more than 0.5” per hour.  During pool maintenance phase, monitor water surface 
elevation and siphon performance daily to verify maintenance of water level at 378.0’ ± 
0.5’.  Based on initial estimates, this will likely entail complete closure of one run and half 
closure of the valves on two runs. 

3.2 PERMANENT SPILLWAY 

The new permanent spillway structures were designed to replace the current spillways which 
are tall and unsupported.  The new spillway structures will consist of precast inlet boxes with 
stoplogs to control the water surface elevation in the pond.  These will discharge through HDPE 
pipe into Kentucky Lake. 

3.2.1 Criteria 

The new permanent spillway structures were designed to pass the typical daily flow of 32 MGD 
while maintaining a normal pool elevation of approximately 384.5’.  The design was also 
checked against the 6-hour Probable Maximum Precipitation (PMP) event.  It is desired to pass 
this storm with 1 foot of freeboard on the perimeter dike. 

3.2.2 Layout 

The new permanent spillway structures will be located approximately 120 feet north of the 
northernmost existing spillway along the southwest dike.  The spillway will consist of a series of 
inlet box structures with stoplogs at the upstream face.  Stoplogs were utilized to allow for 
regulation of the water surface elevation in the ash pond.  These boxes will transition to 30” 
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DR17 HDPE pipes through the dike, which will then run along the downstream face of the dike 
and discharge into a concrete energy dissipater located at Kentucky Lake.  A 3.5’ thick layer of 
grouted riprap will be placed downstream of the energy dissipater to provide scour resistance 
downstream of the structure.  

3.2.3 Design 

The permanent spillway structures will be precast concrete box structures located on the ash 
pond side of the perimeter dike.  Six (6) inlet structures will be used at JOF.  During normal flow 
conditions, these structures will have approximately 0.6’ of head over the crest.  Supporting 
calculations for this determination can be found in Appendix B.  These structures will have a 
guide on the front in which 7’ wide fiberglass stoplogs will be placed using a hand crane.  The 
stoplogs were utilized in this application so that the water surface elevation in the ash pond 
could be regulated.  By removing stoplogs, the water surface elevation in the pond could be 
drawn down to take pressure off of the perimeter dike if necessary.  The top of the concrete inlet 
box will be fitted with steel grating to help prevent debris from clogging the structure during large 
storm events, while also allowing access to the hand crane to remove or place stoplogs.  A 4’ 
tall skimmer attachment constructed of corrugated metal will be installed on the face of the inlet 
box using steel angle to prevent cenospheres from being pulled over the stoplogs and into 
Kentucky Lake.  The skimmer will span the entire width of the inlet structures and extend 
approximately 5’ from the face.  Computations are included in Appendix B detailing the factor of 
safety against overturning of the inlet box structures, as well as design calculations for the 
skimmer structure. 

Flow will be conveyed through the dike through 30” DR17 HDPE pipe attached to the back of 
each inlet box.  This pipe will extend through the dike and run along the downslope to an energy 
dissipater structure.  HDPE pipe was selected due to its ease in handling for placement along 
the downslope.  Each run will be fitted with three anti-seep collars to reduce seepage along the 
pipes through the dike.  The energy dissipater structure will be a cast-in-place concrete stilling 
basin intended to create a hydraulic jump within the basin.  This will serve to dissipate energy 
from the flow coming out of the downstream pipe sections (at a 45% slope).  A 3.5’ thick layer of 
grouted riprap will be placed downstream of the energy dissipater structure to provide scour 
resistance as flows transition out of the dissipater structure and into Kentucky Lake. 

3.2.4 Hydrologic / Hydraulic Considerations 

The concrete inlet box has potential hydraulic controls at (1) the stoplog crest, (2) the pipe inlet, 
and (3) the pipe section through the dike.  It was desired to have control at the stoplogs during 
normal pool conditions with approximately 6” of head on the stoplog crest.  A rating curve was 
developed for the inlet box using standard hydraulic equations to represent weir flow and inlet 
flow (including weir flow and orifice flow equations), and standard HDS-5 culvert nomographs (in 
HY-8) to represent flow through the discharge pipes.  The equation for weir flow takes the form: 
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( ) 2/3
wwww ZHLCQ −=    

Where: Cw = weir discharge coefficient (2.7 to account for losses due to contraction); Lw = length 
of weir (ft); H-Zw = head over weir crest (ft). 

When the water surface elevation at the pipe inlet is below the crown of the pipe, the inlet 
behaves as a weir and is governed by the equation1: 

( )[ ] 2/3
00 EHDCQ w −= π  

Where: Q0 = outflow; Cw = weir coefficient; D = inlet diameter; H-E0 = head over center of inlet. 

When the inlet crown is submerged, orifice hydraulics govern in the form: 

( )0000 2 EHgACQ −=  

Where: Q0 = outflow; C0 = orifice coefficient; g = gravitational acceleration; H-E0 = head over 
center of inlet. 

Culvert flows were computed using Federal Highway Administration software HY-82, which is 
based on Federal Highway Administration publication HDS-53.  The rating curve developed 
using this methodology is shown in Figure 1 alongside a rating curve developed in HEC-RAS.  
The HEC-RAS rating curve was slightly more conservative and thus used in routing the PMP 
storm.   

                                                 
1 Mays, Larry W. “Stormwater Collection Systems Design Handbook” McGraw Hill, 2001. 
2 Federal Highway Administration “HY-8 Culvert Hydraulic Analysis Program – Version 7.1” July 2008. 
3 Federal Highway Administration “Hydraulic Design of Highway Culverts, Second Edition”  HDS No. 5, 
September 2001, 376 p. 
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Permanent Spillway Rating Curve
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Figure 1 - Permanent Spillway Rating Curve 
 
As can be seen from both curves, weir flow controls until an elevation of 385.5’ (corresponding 
to a discharge of approximately 34 cfs), at which time pipe flow begins to control.  The results of 
this analysis showed that six (6) inlet boxes were required to convey the 32 MGD over the 
stoplogs with roughly 6” of head on the stoplogs.  This flow would be carried through each pipe 
segment under open-channel conditions.  Both the section of pipe through the dike and the 
section along the downstream slope will flow under supercritical conditions due to the steep 
slopes of each section.  Flow velocities approach 20 feet per second just upstream of the pipe 
outlet to the energy dissipater structure, where a hydraulic jump forms.  A profile of normal flow 
through one inlet box system is shown in Figure 2. 
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Figure 2 - HEC-RAS Profile Plot (8.25 cfs) 
 
The permanent spillway was also evaluated relative to performance during the 6-hour PMP 
storm event to determine the maximum normal pool elevation and hence the stoplog crest 
elevation.  A hydrologic model was assembled to compute runoff from this storm event.  The 
stoplog crest elevation was adjusted in iterative model runs to determine the maximum elevation 
of the stoplog crest while still passing the 6-hour PMP storm with available freeboard on the 
perimeter dike.  Maintaining the pool at the highest potential elevation yields the largest free 
water volume, thus allowing the maximum amount of ash to be stored in the pond. 

The 6-hour PMP rainfall for Humphreys County, Tennessee is approximately 35 inches4.  The 
total drainage area to the spillway structure is approximately 87 acres.  This includes the 
majority of Ash Disposal Area 2, including Ash Ponds A, B, and C and the interior slopes.  The 
SCS distribution was used to convert this rainfall into runoff.  A composite curve number of 99 
was assumed, since most rainfall will be falling into the ponds and be converted to runoff.  The 
lag time of the watershed was assumed to be a conservative 10 minutes.  Stage-storage 
relationships for the interior ponds (Ponds A, B, and C and Cell Ponds) were taken from free 
water volume data provided by TVA (see Appendix B).  The rating curve developed from HEC-
RAS for the inlet structure and pipe system was incorporated into a HEC-HMS model and the 
PMP storm routed through the spillway.  Iterative models runs showed that with a normal pool 
elevation of 384.5’, the spillway structures were able to pass the PMP storm with over 1’ of 

                                                 
4 Zurndorfer, E.A., Schwarz, F.K., and Hansen, E.M. “Probable Maximum and TVA Precipitation Estimates With 
Areal Distribution for Tennessee River Drainages Less than 3000 Mi2 in Area” Hydrometeorological Report No. 56, 
Office of Hydrology, National Weather Service, October 1986. 
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freeboard on the perimeter dikes.  The inflow and outflow hydrographs for a stoplog crest 
elevation of 384.0’ are shown in Figure 3.   
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Figure 3 - 6-hr PMP Inflow and Outflow Hydrographs 
 
With a stoplog crest elevation of 384.0’, the water surface in the pond reached a maximum 
elevation of 388.7’.  The crest elevation of the perimeter dike is approximately 390.0’.  
Therefore, the 1 foot freeboard objective is satisfied.  The peak discharge from the combined six 
structures during this event is estimated at approximately 280 cfs. 

3.2.5 Operation 

Operation of the permanent spillway structures will involve placing the stoplogs in the stoplog 
guide using a hand crane attached to the top of the inlet structures.  The crest elevation of the 
top stoplog should be set at approximately 384.0’. 
































































































