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1.0 BACKGROUND 

On April 17, 2015 the “Hazardous and Solid Waste Management System; Disposal of Coal 
Combustion Residuals from Electric Utilities (RIN-2050-AE81; FRL-9149-4)” (EPA Final CCR Rule) was 
published in the Federal Register.  Stantec Consulting Services, Inc. (Stantec) was contracted by 
the Tennessee Valley Authority (TVA) to analyze the inflow design flood for Allen Fossil Plant (ALF)  
CCR surface impoundments (SI) and evaluate compliance with section §257.82 of the EPA Final 
CCR Rule. 

ALF is a coal-fired, electric generating plant.  The plant is located in Shelby County Tennessee, 
on McKellar Lake, which is adjacent to the Mississippi River.  TVA has determined that the East 
Ash Pond and East Ash Stilling Pond (“referred to herein as the “East Ash Disposal Area”) are CCR 
Surface Impoundments and therefore subject to the EPA Final CCR rule.  A map showing the 
location of ALF in relation to the surrounding hydrologic features is included as Appendix A.  
Figure 1 below shows the location of the East Ash Disposal Area in relation to the other plant 
features. 

 

Figure 1 Allen Fossil Plant Map 
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2.0 EXISTING CONDITIONS 

The East Ash Disposal Area is located east of the powerhouse and south of the US Army Corps of 
Engineers Flood Control Levee.  Fly Ash and bottom ash from ALF is sluiced into the East Ash 
Disposal Area.  Bottom ash settles out within the dredge cell.  Fly ash settles out in the East Ash 
Pond. 

The existing stormwater system conveys run-off and plant process flow to the East Ash Pond from 
areas adjacent to the power house as well as the coal storage area and dredge cell.   The 
stormwater system includes channels, catch basins, underground pipes and pumps.   The plant 
waters are pumped into the northwest corner of the dredge cell. The flows generally travel east 
toward the main East Ash Pond basin, by open channel (except where culvert pipes are used to 
cross under access roads). However, the large dredge cell pond and Coal Yard Run-Off pond 
drain southwest to the main East Ash Pond basin, through spillway structures.  Flow that collects 
at the sluice sump in the northwest area of the site is pumped to the East Ash Pond. 

The East Ash Pond receives runoff and process flow from the stormwater system and eventually 
discharges it to the East Ash Stilling Pond (referred to as “Stilling Pond”) through an overflow weir.  
The Stilling Pond contains two sets of spillways.  Each set consists of two 4-feet diameter concrete 
risers with 36-inch diameter outlet pipes.  Two of the four spillway structures (the East and West 
Spillways) act as primary spillways while the remaining two (Overflow 1 and Overflow 2) become 
active spillways when the water level in the Stilling Pond exceeds the riser overflow elevations.  
Figure 2 shows the location of the hydraulic structures in the East Ash Pond and Stilling Pond. 

 

Figure 2 Map of Hydraulic Structures 
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Under normal conditions, the East and West Spillways discharge to a permitted outfall (outfall 
number 001) on McKellar Lake and Overflow Spillways 1 and 2 discharge to a permitted outflow 
on Horn Lake Cutoff (outfall number 001A).  When the water level in McKellar Lake exceeds the 
Stilling Pond elevation, the gates in the two primary spillways are closed to prevent backflow 
from the lake and all of the flow through the Stilling Pond is conveyed by the overflow spillways. 

A flow schematic is included in NPDES TN0005355. 

Note that all elevations included in this document and appendices are referenced to the 
National Geodetic Vertical Datum of 1929 (NGVD29). 
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3.0 METHODS / DESIGN CRITERIA 

This Inflow Design Flood Control System Plan has been developed to document how the inflow 
design flood control system has been designed and constructed to meet the requirements of 
§257.82.  The East Ash Disposal Area was classified as a significant hazard structure in September 
30, 2013 and was confirmed to be a Significant Hazard structure based on the report from 
Stantec to TVA September 30, 2016.  This plan has been developed based on that classification 
and the following EPA Final CCR rule criteria apply: 

1. The inflow design flood control system must adequately manage flow into the CCR unit 
during and following the peak discharge of the inflow design flood. (Ref. §257.82(a)(1)) 

2. The inflow design flood control system must collect and control flow from the CCR unit during 
and following the peak discharge of the inflow design flood. (Ref. §257.82(a)(2)) 

3. The inflow design flood for a significant hazard potential CCR surface impoundment is the 
1,000-year flood. (Ref. §257.82(a)(3)(ii)) 

4. Discharge from the CCR Unit must be handled in accordance with the surface water 
requirements under §257.3-3. 

5. The owner or operator must prepare an initial inflow design flood control system plan for its 
existing surface impoundments by October 17, 2016. (Ref. §257.82(c)(3)(i)) 

6. The plan must be revised every 5 years, and amendments must be made whenever there is 
a change in condition(s) that would substantially affect the written plan in effect. (Ref. 
§257.82)(c)(4) & (2)) 

7. This plan will be considered complete upon its placement in the facility’s operating record. 
(Ref. §257.82(c)(1)) 

8. The owner or operator must obtain a certification from a qualified professional engineer 
stating that the initial and periodic inflow design flood control system plans meet the 
requirements of §257.82. 

Hydrological calculations were performed based on Soil Conservation Service Technical Release 
55 (TR-55) methods in U.S. Army Corps of Engineers’ Hydrologic Engineering Center-Hydrological 
Modeling System (HEC-HMS) software to analyze the performance of the impoundments for the 
1000-year storm. The EPA Final CCR rule does not specify the storm duration for the inflow design 
flood.  For this analysis, a duration of 6-hour was chosen based on recommendations from TVA.  
This duration is reasonable given the size of the watershed and the travel time to the watershed 
outlet.   
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The following sections describe the hydrologic parameter inputs to the HEC-HMS model, 
including curve number and lag times, in addition to the channel and detention basin 
hydraulics. 

3.1 MODELING ASSUMPTIONS 

1. Pipes are assumed to be flowing freely and not clogged or leaking.  

2. Wave action is not considered in this analysis.  Overtopping is assumed to occur when the 
water surface elevation of the pond exceeds the minimum crest elevation of the dike. 

3. McKellar Lake acts as tailwater for the Stilling Pond primary discharge structures.  Since there 
is a large difference in drainage area between the Mississippi River (which controls the 
elevations on McKellar Lake) and the East Ash Pond watershed, the level of the McKellar 
Lake was not assumed to be the 1000-year lake level.  The water surface elevation of 
McKellar Lake was assumed to be equal to the 100-year flood elevation of the lake (225 
feet) obtained from Flood Insurance Study for Shelby County and Incorporated areas 
published by the Federal Emergency Management Agency in February 2013. 

4. The tailwater elevation for the two overflow structures that discharge to Horn Lake Cutoff 
was assumed to be equal to the 100-year lake elevation (225 feet). 

5. Natural Resources Conservation Service (NRCS) TR-55 methods were used for hydrologic run-
off computations.  In some areas, the ground surface is covered with a mix of fly ash and 
bottom ash.  For these areas, a curve number consistent with fly ash was applied. 

6. Storage for the East Ash Pond and the Stilling Pond was included in the model.  Storage for 
other impoundments within the watershed, including the dredge cell, was ignored. 

3.2 HYDROLOGY INPUTS 

3.2.1 Watershed Parameters 

Subwatersheds were delineated using topographic data developed from LiDAR dated 
March 11, 2014 provided by TVA.  The estimated watershed parameters are summarized in 
Table 1.  A figure showing the watershed delineations is included in Appendix B. 
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Table 1 Watershed Parameters 

Watershed 
Drainage 

Area (acres) 

Composite 
Curve 

Number 
Estimated Lag 

Time (min) 

East Ash Pond 136.0 93 12.2 

Stilling Pond 9.7 96 3.5 

Sluice Sump 6.3 98 3.5 

*HEC-HMS model uses minimum lag time of 3.5 minutes.  Therefore, any time less 
than 3.5 minutes will be modified to 3.5 minutes. 

3.2.1.1 Curve Number (CN) 

The curve number for each watershed was calculated using the approach outlined in NRCS’s 
TR-55.  Utilizing NRCS’s Web Soil Survey it was determined that a major portion of the project area 
is classified as “Filled Land” and consequently does not have a Hydrologic Soil Group associated 
with it.  Therefore, a Hydrologic Soil Group rating of “D” was assumed for the entire project area.  
Road were either classified as paved (CN 98) or gravel (CN 91).  Areas of vegetation were 
assumed to be in “good condition” (CN 80). 

TVA report “Hydrogeologic Evaluation of Coal-Combustion Byproduct Disposal Facility 
Expansion”, Kingston Fossil Plant, dated November 2004 was utilized to determine the CN for 
exposed Bottom Ash (CN 86) and Fly Ash (CN 91). 

The remaining project area is comprised of the coal pile (CN 89), riprap (CN 89), or surface 
water (CN 100). 

A summary of curve number calculations and a map showing the curve numbers for each sub-
area is included in Appendix C. 

3.2.1.2 Lag Time 

The time of concentration for each subwatershed was calculated using the NRCS segmental 
approach described in TR-55. The longest hydraulic flow path in each subwatershed was 
delineated within contour data developed from aerial survey dated March 11, 2014 and 
provided to Stantec by TVA. The flowpaths were subdivided into sheet and shallow-
concentrated components.  No open-channel flow components were identified along the 
selected longest hydraulic flow path.  The following methods were used to calculate flow 
velocities (time of concentration was then found by dividing flow length by velocity) for each 
flow component: 
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• Sheet Flow: Sheet flow velocity was computed based on methods presented in TR-55. This 
equation calculates time of concentration based on Manning's roughness coefficient for 
sheet flow, flow length (up to a maximum distance of 100 feet, unless the area is paved), 
slope, and the 2-year 24-hour rainfall event depth. 

• Shallow Concentrated Flow:  Shallow Concentrated Flow was computed based on methods 
presented in TR-55.  The travel time is computed based on the flow length and average 
velocity.  The equations used to calculate average velocity are dependent upon the 
Watercourse slope and whether the surface is “Paved” or “Unpaved”.  The equations were 
derived from the graph Average velocities for estimating travel time for shallow 
concentrated flow presented in TR-55. 

Lag time calculations are included in Appendix D. 

3.2.2 Spillway Data 

Flow from the East Ash Pond is conveyed to the Stilling Pond across a weir structure.  As 
described in Section 2, there are four drop inlet type spillways within the Stilling Pond which 
discharge to McKellar Lake and Horn Lake Cutoff.  The East Spillway and West spillways act as 
the two primary spillways and Overflow Spillway 1 and Overflow Spillway 2 act as the two 
overflow spillways.  Gates on the East and West Spillways are closed to prevent backflow from 
McKellar Lake during periods of flooding.   Flow from the Stilling Pond is conveyed to McKellar 
Lake and Horn Lake Cutoff under normal conditions and to Horn Lake Cutoff only when the 
gates on the two principal spillways are closed.  See Section 2 for information on how the 
spillways are operated. 

Dimensions and elevations for the weir structure and four drop inlet structures were obtained 
from TVA Drawings 10-507-03, 10-507-05, 10N226, and 10N227.  These drawings are included in 
Appendix E. 

Riser geometry for the Stilling Pond outflow structures are summarized in Table 2. 

Table 2 Stilling Pond Spillway Data 

Pond 
Weir/Riser 
Structure 

Riser 
Diameter 
(inches) 

Rim 
Elevation 

(ft) 

Outlet Pipe 
Diameter 
(inches) 

Pipe 
Inlet 

Invert 
(ft) 

Pipe 
Outlet 
Invert 
 (ft) 

Appx. 
Outlet 
Pipe 

Length 
(ft) 

Stilling 
Pond East 48 225.40 36 216 215 220 

Stilling 
Pond West 48 225.39 36 216 215 200 
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Pond 
Weir/Riser 
Structure 

Riser 
Diameter 
(inches) 

Rim 
Elevation 

(ft) 

Outlet Pipe 
Diameter 
(inches) 

Pipe 
Inlet 

Invert 
(ft) 

Pipe 
Outlet 
Invert 
 (ft) 

Appx. 
Outlet 
Pipe 

Length 
(ft) 

Stilling 
Pond Overflow 1 48 226.47 36 216 213 155 

Stilling 
Pond Overflow 2 48 226.30 36 216 213 155 

 

Flow from the East Ash Pond flow is conveyed to the Stilling Pond through a concrete weir 
structure.  The weir is approximately 27.9’ wide and has an overflow elevation of 229.31 ft. 

The drop inlet spillways consist of a stacked concrete riser in the Stilling Pond Area and an outlet 
pipe that penetrates the embankment.  These structures can be controlled by weir or orifice flow 
through the riser, or by orifice, open-channel flow, or pipe flow through the outlet pipe.  In 
developing a hydraulic rating curve for these structures, these four potential limiting flows are 
computed for a range of headwater elevations and the limiting flow is applied to develop a 
comprehensive rating curve for the structure.  The methods used to estimate the discharge for 
each of these components are described below: 

Riser – Weir flow 

Flow just above the riser crest or stoplogs behaves as weir flow and was computed using: 

2
3

LHCQ w=  Eqn.  1 

Where: Q = discharge (cubic feet per second); Cw = weir coefficient; L = weir length (ft); and H = 
head above the riser crest (ft).  The weir was assumed to behave as a sharp-crested weir and a 
weir coefficient of 3.27 (Chow 1959) was selected. 

Riser – Orifice flow 

As head develops above the riser crest, orifice flow in the riser may limit flow through the spillway 
system.  Orifice flow in the riser was computed as: 

( ) 5.0
0 2gHACQ =  Eqn.  2 

Where C0 = orifice discharge coefficient, A = cross sectional area of the riser, g = gravitational 
constant, and H = head above the riser crest.  An orifice discharge coefficient of 0.6 (Brater and 
King 1976) was selected. 
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Outlet Pipe – Orifice flow 

Orifice flow in the outlet pipe was computed for the range of hydraulic conditions using: 

( )[ ] 5.0
0 2 CHgACQ =  Eqn.  3 

Where Hc = head above the centroid of the outlet pipe, A = cross sectional area of the outlet 
pipe.  This equation reflects that the head acts on the centroid of flow in the outlet pipe. 

Outlet Pipe – Open-channel/submerged inlet flow 

Open-channel and submerged inlet flow in the outlet pipe was computed using the HY-8 
Culvert Hydraulic Analysis Program developed by the US Department of Transportation Federal 
Highway Administration (FHWA). 

Computed rating curves for the structures are included in Appendix F. 

3.2.3 Precipitation Data 

The rainfall depth for the 1000-yr, 6-hour storm is 7.4 inches based on NOAA Atlas 14 at ALF.  
Early”, “Middle” and “Late Peak” hyetographs were obtained from HydroCAD for a 6-hr storm 
duration assuming an SCS Type II shape.  The modeled distributions are included in Appendix G. 

3.2.4 Stage-Storage Data 

Storage volumes computed at 1-foot increments for the Stilling Pond and East Ash Pond using 
AutoCAD Civil3D as included as Appendix G.  Impoundment bottom surfaces were created 
using topographic data (dated March 11, 2014) and supplemented with hydrographic survey 
data (dated February 2-3, 2015) provided by TVA. 

The embankment crest elevations for the Stilling Pond and East Ash Pond are 237.2 ft. and 
235.9 ft, respectively based on the topographic data. 

3.2.5 Plant Process Flow 

A flow schematic (dated January 2010 and provided by TVA), shows the average daily process 
flows into the East Bottom Ash Pond (East Ash Pond).  The average process flow into the pond is 
8.8 MGD neglecting the effects of evaporation.  A constant inflow of 8.8 MGD (13.62 cfs) was 
applied to the East Ash Pond watershed. 

3.2.6 Starting Water Surface Elevations 

The starting water surface elevations for the East Ash Pond and Stilling Pond were set to the 
water surface elevation at which the outflow structures would pass the plant process flow. 
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3.3 HYDROLOGIC AND HYDRAULIC MODELING 

Hydrologic and hydraulic modeling was performed using HEC-HMS 4.0 based on the model 
inputs summarized in Section 3.2.  A model schematic is included in Figure 3.  This schematic 
shows that the East Ash Pond receives flow from the Sluice Sump and the East Ash Pond 
watershed.  Flow from the East Ash Pond is conveyed to the Stilling Pond. 

 

Figure 3 HEC-HMS Model Schematic 

 
Two different operating conditions were analyzed: 

1. Normal operations – For this scenario, all four spillways are assumed active and flow 
discharges to both McKellar Lake and Horn Lake Cutoff (when the overflow elevation of the 
two overflow spillways is exceeded). 

2. Gate Closure Scenario – For this scenario, it is assumed that the two overflow spillways are 
active and discharging to the Horn Lake Cutoff.  The gates for the primary spillways are 
assumed to be closed. 

Note that an iterative process was used to account for the tailwater effect of the Stilling Pond on 
the overflow weir between the Stilling Pond and East Ash Pond.  The hydrologic model was 
initially run assuming that the Stilling Pond elevation does not affect flows from the East Ash 
Pond.  If the peak water surface elevation of the Stilling Pond exceeded the overflow elevation 
of the East Ash Pond weir (229.3 ft), a time series of tailwater values was generated from the 
water surface elevations in the Stilling Pond.  For subsequent iterations, the tailwater acting on 
the East Ash Pond was set to the time series of tailwater elevations for the Stilling Pond from the 
previous iteration.   
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The model scenarios analyzed are summarized in Table 3. 

Table 3 Summary of Hydrologic/Hydraulic Modeling Scenarios 

Scenario 
Number 

Condition 
Assumed 

Rainfall 
Hyetograph 

Type 

Starting Water 
Surface 
Method 

Tailwater 
Method East 

Ash  Pond 

Tailwater 
Method 
Stilling 
Pond1 

1 Normal 
Operations 

SCS 6-hour 
“Early” Peak Inflow=Outflow 

No Tailwater 
(Weir 

elevation not 
exceeded) 

Constant 
Tailwater at 

Elevation 
225’ 

2 Normal 
Operations 

SCS 6-hour 
“Middle” 

Peak 
Inflow=Outflow 

No Tailwater 
(Weir 

elevation not 
exceeded) 

Constant 
Tailwater at 

Elevation 
225’ 

3 Normal 
Operations 

SCS 6-hour 
Late” Peak Inflow=Outflow 

No Tailwater 
(Weir 

elevation not 
exceeded) 

Constant 
Tailwater at 

Elevation 
225’ 

4 Gate Closure 
Scenario 

SCS 6-hour 
“Early” Peak Inflow=Outflow 

Iterative 
Tailwater Time 

series 

Constant 
Tailwater at 

Elevation 
225’ 

5 Gate Closure 
Scenario 

SCS 6-hour 
“Middle” 

Peak 
Inflow=Outflow 

Iterative 
Tailwater Time 

series 

Constant 
Tailwater at 

Elevation 
225’ 

6 Gate Closure 
Scenario 

SCS 6-hour 
Late” Peak Inflow=Outflow 

Iterative 
Tailwater Time 

series 

Constant 
Tailwater at 

Elevation 
225’ 

1 The tailwater was set to the 100-year flood elevation for McKellar Lake obtained from the Flood Insurance Study for 
Shelby County and Incorporated Areas published by the Federal Emergency Management Agency in February 2013.   
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4.0 CALCULATION RESULTS 

The hydrologic modeling results were reviewed to determine the performance of the East Ash 
Pond and Stilling Pond for the 1000-year, 6-hour storm for the three precipitation events 
described in Section 3.2.3. 

4.1 CAPACITY AND FREEBOARD RESULTS 

The peak pool elevation, inflow and outflow for each pond is summarized in Tables 4 and 5.  The 
results showed that the Stilling Pond and East Ash Pond can convey the flow from the 1000-year 
6-hour scenarios modeling without overtopping. 

Table 4 Hydrologic and Hydraulic Modeling Results for Normal Operations 

Scenario Pond Storm 

Peak 
Water 

Surface 
Elevation 

(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 

(cfs) 

Minimum 
Embankment 

Elevation  
(ft) 

Freeboard 
(ft) 

1 
Stilling 
Pond 

SCS Type II 
“Early Peak” 228.0 287 233 237.2 9.2 

2 
Stilling 
Pond 

SCS Type II 
“Middle 
Peak” 228.6 361 251 237.2 8.6 

3 
Stilling 
Pond 

SCS Type II 
“Late Peak” 228.7 418 258 237.2 8.5 

1 

East 
Ash 

Pond 
SCS Type II 

“Early Peak” 231.4 1,033 270 235.9 4.5 

2 

East 
Ash 

Pond 

SCS Type II 
“Middle 
Peak” 231.7 1,312 344 235.9 4.2 

3 

East 
Ash 

Pond 
SCS Type II 

“Late Peak” 231.8 1,280 366 235.9 4.1 
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Table 5 Hydrologic and Hydraulic Modeling Results for Gate Closure Scenario 

Scenario Pond Storm 

Peak Water 
Surface 

Elevation 
(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 

(cfs) 

Minimum 
Embankment 

Elevation 
 (ft) 

Freeboard 
(ft) 

4 
Stilling 
Pond 

SCS Type II 
“Early Peak” 230.3 287 161 237.2 6.9 

5 
Stilling 
Pond 

SCS Type II 
“Middle 
Peak” 231.0 361 173 237.2 6.2 

6 
Stilling 
Pond 

SCS Type II 
“Late Peak” 230.9 418 171 237.2 6.3 

4 
East Ash 

Pond 
SCS Type II 

“Early Peak” 231.4 1,033 270 235.9 4.5 

5 
East Ash 

Pond 

SCS Type II 
“Middle 
Peak” 231.7 1,312 344 235.9 4.2 

6 
East Ash 

Pond 
SCS Type II 

“Late Peak” 231.8 1,280 366 235.9 4.1 
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5.0 CONCLUSIONS  

The calculations included in this report demonstrate that the inflow design flood control system 
adequately manages flow into and from the CCR unit during and following the peak discharge 
of the inflow design flood (1,000-year flood).  In addition, the CCR unit discharges through a 
NPDES permitted outfall, and is therefore handled in accordance with the surface water 
requirements under §257.3-3.  Therefore, the East Ash Disposal Area meets the requirements of 
§257.82 of the EPA Final CCR rule. 
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APPENDIX A  
HYDROLOGIC OVERVIEW MAP 

 



Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community
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APPENDIX B 
WATERSHED MAP 
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MIA 9-22-15
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Legend
Flow Paths
Topographic Mapping

Curve Number
80
89
91
98
100

Watershed
EastPond
SluiceSump
StillingP

Watershed 
Name Area (Acres)

Composite 
Curve Number

Estimated Lag 
Time (min)

East Ash Pond 136.0 93 12.2
Stilling Pond 9.7 95 3.5
Sluice Sump 6.3 80 3.5



Watershed Subbasin Subbasin 
Curve Number

Subbasin 
Area, Acre

Area Weighted 
Curve Number

Composite 
Curve Number

EastPond 91 39.70 26.55
EastPond 100 32.40 23.81
EastPond 89 17.19 11.25
EastPond 91 14.64 9.79
EastPond 98 10.80 7.78
EastPond 80 6.27 3.87
EastPond 100 5.95 4.37
EastPond 89 2.41 1.58
EastPond 80 2.31 1.36
EastPond 80 2.18 1.28
EastPond 80 0.91 0.54
EastPond 80 0.51 0.30
EastPond 80 0.39 0.23
EastPond 80 0.38 0.22

sum 136.0 92.9 93
StillingP 100 6.68 69.09
StillingP 80 1.57 12.99
StillingP 89 1.17 10.78
StillingP 89 0.25 2.28

sum 9.7 95.1 95
Sluice Sump SluiceSump 98 6.34 98.00 98

Curve Number Key: CN - Grass over Ash 80
CN - Bottom Ash 86
CN- Fly Ash 91
CN - Riprap 89
CN- Gravel road 91
CN- Water 100
CN - Paved road 98
CN- Coal pile 89

East Ash Pond

Stilling Pond

Curve Number Calculation
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    MIA Calculation Date:    9/25/2015
Checked by:   MAM Checked By Date:   9/25/2015



 

 

APPENDIX D  
LAG TIME COMPUTATIONS 



Watershed ID: SB-SluiceSump

Sheet Flow Segment ID 3
1. Surface description Smooth surfaces (concrete, asphalt, gravel, bare soil)
2. Manning's roughness coef., n 0.011  
3. Flow length, L (Total L less than 300/100 f ft 180
4. Two-year, 24-hour Rainfall, P2 in 3.72
5a. Upstream elevation ft 240
5b. Downstream elevation ft 238
5. Land slope, S ft / ft 0.011
6. Tt = [0.007(nL)0.8]/[sqrt(P2) S0.4] hr 0.04  = 0.04 hr

Shallow Concentrated Flow Segment ID
7. Surface description (paved or unpaved)
8. Flow length, L ft
9a. Upstream elevation ft
9b. Downstream elevation ft
9. Watercourse slope, S ft / ft   
10. Average velocity, V ft / s
11. Tt = L / 3600V hr = 0.00 hr

Open Channel Flow Segment ID
12. Pipe or Open Channel
13. Diam (pipe) or depth (open) ft
14. Base width (open) ft
15. Channel side slope XH:1V
16. Cross sectional flow area ft2   
17. Wetted perimeter, Pw ft   
18. Hydraulic radius, r = a/Pw ft   
19a. Upstream elevation ft
19b. Downstream elevation ft
19. Channel slope, S ft / ft  
20. Runoff surface / pipe material earth, winding, grass weeds
21. Manning's roughness coef., n   
22. V= (1.49 r2/3 S1/2 / n) ft / s   
23. Flow length, L ft
24. Tt = L / 3600V hr = 0.00 hr

25. Watershed Tc (sum Tt from 6, 11, 24) 0.04 hr

26. Watershed lag time, TL (=0.6 x Tc) 0.023 hr

Lag Time Calculation
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    MIA Calculation Date:    9/18/2015
Checked by:   MAM Checked By Date:   9/25/2015



Watershed ID: SB-EastPond

Sheet Flow Segment ID 1 2
1. Surface description Smooth surfaces (concrete, asphalt(concrete, asphalt, gravel, bare soil)
2. Manning's roughness coef., n 0.011 0.011
3. Flow length, L (Total L less than 300/100 f ft 100 100
4. Two-year, 24-hour Rainfall, P2 in 3.72 3.72
5a. Upstream elevation ft 292 292
5b. Downstream elevation ft 270 281
5. Land slope, S ft / ft 0.220 0.110
6. Tt = [0.007(nL)0.8]/[sqrt(P2) S0.4] hr 0.01 0.01 = 0.01 hr

Shallow Concentrated Flow Segment ID 1 2
7. Surface description (paved or unpaved) Unpaved Unpaved
8. Flow length, L ft 2375 2165
9a. Upstream elevation ft 270 281
9b. Downstream elevation ft 234 234
9. Watercourse slope, S ft / ft 0.015 0.022
10. Average velocity, V ft / s 2.0 2.4
11. Tt = L / 3600V hr 0.33 0.25 = 0.33 hr

Open Channel Flow Segment ID
12. Pipe or Open Channel
13. Diam (pipe) or depth (open) ft
14. Base width (open) ft
15. Channel side slope XH:1V
16. Cross sectional flow area ft2   
17. Wetted perimeter, Pw ft   
18. Hydraulic radius, r = a/Pw ft   
19a. Upstream elevation ft
19b. Downstream elevation ft
19. Channel slope, S ft / ft  
20. Runoff surface / pipe material earth, winding, grass weeds
21. Manning's roughness coef., n   
22. V= (1.49 r2/3 S1/2 / n) ft / s   
23. Flow length, L ft
24. Tt = L / 3600V hr = 0.00 hr

25. Watershed Tc (sum Tt from 6, 11, 24) 0.34 hr

26. Watershed lag time, TL (=0.6 x Tc) 0.204 hr

Lag Time Calculation
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    MIA Calculation Date:    9/25/2015
Checked by:   MAM Checked By Date:   9/25/2015



Watershed ID: SB-Pond1

Sheet Flow Segment ID 1
1. Surface description Grass, short prairie
2. Manning's roughness coef., n 0.15  
3. Flow length, L (Total L less than 300/100 f ft 40
4. Two-year, 24-hour Rainfall, P2 in 3.72
5a. Upstream elevation ft 236
5b. Downstream elevation ft 230
5. Land slope, S ft / ft 0.150
6. Tt = [0.007(nL)0.8]/[sqrt(P2) S0.4] hr 0.03  = 0.03 hr

Open Channel Flow Segment ID 2
12. Pipe or Open Channel
13. Diam (pipe) or depth (open) ft
14. Base width (open) ft
15. Channel side slope XH:1V
16. Cross sectional flow area ft2   
17. Wetted perimeter, Pw ft   
18. Hydraulic radius, r = a/Pw ft   
19a. Upstream elevation ft
19b. Downstream elevation ft
19. Channel slope, S ft / ft   
20. Runoff surface / pipe material earth, winding, grass weeds
21. Manning's roughness coef., n   
22. V= (1.49 r2/3 S1/2 / n) ft / s   
23. Flow length, L ft
24. Tt = L / 3600V hr = 0.00 hr

25. Watershed Tc (sum Tt from 6, 11, 24) 0.03 hr

26. Watershed lag time, TL (=0.6 x Tc) 0.020 hr

Lag Time Calculation
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    MIA Calculation Date:    9/18/2015
Checked by:   MAM Checked By Date:   9/25/2015



TL(hr) TL(hr) Used TL(min) Used*
SB-SluiceSump 0.023 0.058 3.5
SB-EastPond 0.204 0.204 12.2
SB-Pond1 0.020 0.058 3.5

*HEC-HMS model uses minimum lag time of 3.5 minutes.  Therefore, any time less than 3.5 minutes will be modified to 3.5 minutes.  

Lag Time Summary 

Lag Time Calculation
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    MIA Calculation Date:    9/25/2015
Checked by:   MAM Checked By Date:   9/25/2015
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APPENDIX F 
RATING CURVES 



East Ash Pond Outlet Structures

East Ash Pond -Weir 1 Data Source

Overflow Elev = 229.31 feet (NGVD29) 2

Length = 27.66667 feet (NGVD29) 2

C= 3.27 1 (Assumed to behave as sharp-crested weir)

East Stilling Pond Outlet Structures

ALF Overflow 1 - Concrete Riser Structure ALF Overflow 2  - Concrete Riser Structure ALF East - Concrete Riser Structure ALF West - Concrete Riser Structure Data Source

Weir Elev= 226.47 feet (NGVD29) Weir Elev= 226.3 feet (NGVD29) Weir Elev= 225.4 feet (NGVD29) Weir Elev= 225.39 feet (NGVD29) 2

Riser D = 48 in Riser D = 48 in Riser D = 48 in Riser D = 48 in 2

Pipe Inlet= 216 feet (NGVD29) Pipe Inlet= 216 feet (NGVD29) Pipe Inlet= 216 feet (NGVD29) Pipe Inlet= 216 feet (NGVD29) 2

Pipe Outlet= 213 feet (NGVD29) Pipe Outlet= 213 feet (NGVD29) Pipe Outlet= 215 feet (NGVD29) Pipe Outlet= 215 feet (NGVD29) 3

Pipe D= 36 in Pipe D= 36 in Pipe D= 36 in Pipe D= 36 in 2

Length= 155 feet Length= 155 feet Length= 220 feet Length= 220 feet (NGVD29) 2

C= 3.27 C= 3.27 C= 3.27 C= 3.27 1 (Assumed to behave as sharp crested weir)

C0= 0.6 C0= 0.6 C0= 0.6 C0= 0.6 1 (Based on Brater and King 1976)

Computed Values Computed Values Computed Values Computed Values Equation

Lweir= 12.56637 ft Lweir= 12.56637 ft Lweir= 12.56637 ft Lweir= 12.56637 ft Circumpherence=PI()*D

Ariser= 12.56637 sq. ft. Ariser= 12.56637 sq. ft. Ariser= 12.56637 sq. ft. Ariser= 12.56637 sq. ft. Area = PI*D
2
/4

Apipe= 7.068583 sq. ft. Apipe= 7.068583 sq. ft. Apipe= 7.068583 sq. ft. Apipe= 7.068583 sq. ft. Area = PI*D
2
/4

Elev C*= 217.5 feet (NGVD29) Elev C*= 217.5 feet (NGVD29) Elev C*= 217.5 feet (NGVD29) Elev C= 217.5 feet (NGVD29)

*C is the elevation of centerline of the outlet pipe inlet.

References:

1 "Spillway Rating Curve Development" V:\1755\active\175565240\geotechnical\analysis\H&H\rating_curve_methodology.docx

2 Remedial Improvements Work Plan 6 \\us1243-f01\workgroup\1755\active\175565240\geotechnical\analysis\H&H\H&H Data\ALF\Spillway Information & Elevations

3 Report of Hydrologic and Hydraulic Analysis \\us1243-f01\workgroup\1755\active\175565240\geotechnical\analysis\H&H\H&H Data\ALF\Previous H&H Models & Reports

Ash Pond and Stilling Pond, TVA Allen Fossil Plant

4 TVA Drawings 10N226 and 10N227.  (Included in Appendix to Reference 4)

Rating Curve Inputs

Inflow Design Flow Control System Plan

East Ash Disposal Area, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/29/2015

Checked by:   MMM Checked By Date: 9/30/2015



Indicates Controlling Flow

Outlet Pipe Flow (from HY-8) Rating Curve for HEC-HMS

H (ft)
Q=CLH

1.5 

(cfs)
H (ft)

Q=C0A(2gH)
0.5 

(cfs)
Hc (ft)

1 Q=C0A(2gHc)
0.

5
 (cfs)

Assumed TW 

(ft)
Q (cfs)

HW Elevation 

(ft)
Q (cfs)

226.47 0.00 0.00 0 0.00 8.97 101.93 225 40.65 226.47 0.00

226.50 0.03 0.21 0.03 10.48 9.00 102.11 225 41.07 226.50 0.21

227.00 0.53 15.86 0.53 44.05 9.50 104.90 225 48.08 227.00 15.86

227.50 1.03 42.95 1.03 61.41 10.00 107.63 225 55.09 227.50 42.95

228.00 1.53 77.77 1.53 74.84 10.50 110.29 225 61.26 228.00 61.26

228.50 2.03 118.85 2.03 86.21 11.00 112.88 225 65.48 228.50 65.48

229.00 2.53 165.36 2.53 96.24 11.50 115.42 225 69.69 229.00 69.69

229.50 3.03 216.73 3.03 105.32 12.00 117.90 225 73.90 229.50 73.90

230.00 3.53 272.53 3.53 113.68 12.50 120.33 225 78.12 230.00 78.12

230.50 4.03 332.44 4.03 121.47 13.00 122.72 225 82.33 230.50 82.33

231.00 4.53 396.19 4.53 128.78 13.50 125.05 225 86.54 231.00 86.54

231.50 5.03 463.56 5.03 135.70 14.00 127.35 225 90.54 231.50 90.54

232.00 5.53 534.37 5.53 142.29 14.50 129.60 225 93.55 232.00 93.55

232.50 6.03 608.46 6.03 148.58 15.00 131.82 225 96.55 232.50 96.55

233.00 6.53 685.69 6.53 154.62 15.50 134.00 225 99.56 233.00 99.56

233.50 7.03 765.93 7.03 160.43 16.00 136.14 225 102.57 233.50 102.57

234.00 7.53 849.08 7.53 166.04 16.50 138.25 225 105.57 234.00 105.57

234.50 8.03 935.04 8.03 171.46 17.00 140.33 225 108.58 234.50 108.58

235.00 8.53 1,023.72 8.53 176.72 17.50 142.38 225 111.58 235.00 111.58

235.50 9.03 1,115.04 9.03 181.82 18.00 144.40 225 114.59 235.50 114.59

236.00 9.53 1,208.92 9.53 186.79 18.50 146.39 225 117.60 236.00 117.60

237.00 10.53 1,404.11 10.53 196.34 19.50 150.29 225 122.80 237.00 122.80
1
 Pipe Orifice flow computed without consideration of tailwater.  Tailwater was considered in "Outlet Pipe Flow" computation.

ALF Overflow 1

Weir Flow Orifice Flow Pipe Orifice Flow

Elevation

Rating Curve Development:  Stiling Pond, ALF Overflow 1

Inflow Design Flow Control System Plan

East Ash Disposal Area, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/29/2015

Checked by:   MMM Checked By Date: 9/30/2015



Indicates Controlling Flow

Outlet Pipe Flow (from HY-8) Rating Curve for HEC-HMS

H (ft)
Q=CLH

1.5 

(cfs)
H (ft)

Q=C0A(2gH)
0.5 

(cfs)
Hc (ft)

1 Q=C0A(2gHc)
0.

5
 (cfs)

Assumed TW 

(ft)
Q (cfs)

HW Elevation 

(ft)
Q (cfs)

226.30 0.00 0.00 0 0.00 8.80 100.96 225 38.02 226.30 0.00

226.50 0.20 3.68 0.2 27.06 9.00 102.11 225 40.78 226.50 3.68

227.00 0.70 24.07 0.7 50.62 9.50 104.90 225 47.70 227.00 24.07

227.50 1.20 54.02 1.2 66.28 10.00 107.63 225 54.61 227.50 54.02

228.00 1.70 91.08 1.7 78.89 10.50 110.29 225 60.91 228.00 60.91

228.50 2.20 134.09 2.2 89.75 11.00 112.88 225 65.06 228.50 65.06

229.00 2.70 182.31 2.7 99.42 11.50 115.42 225 69.20 229.00 69.20

229.50 3.20 235.22 3.2 108.24 12.00 117.90 225 73.34 229.50 73.34

230.00 3.70 292.46 3.7 116.39 12.50 120.33 225 77.49 230.00 77.49

230.50 4.20 353.70 4.2 124.00 13.00 122.72 225 81.63 230.50 81.63

231.00 4.70 418.70 4.7 131.18 13.50 125.05 225 85.77 231.00 85.77

231.50 5.20 487.26 5.2 137.98 14.00 127.35 225 89.92 231.50 89.92

232.00 5.70 559.20 5.7 144.46 14.50 129.60 225 92.91 232.00 92.91

232.50 6.20 634.37 6.2 150.66 15.00 131.82 225 95.87 232.50 95.87

233.00 6.70 712.64 6.7 156.62 15.50 134.00 225 98.83 233.00 98.83

233.50 7.20 793.88 7.2 162.36 16.00 136.14 225 101.80 233.50 101.80

234.00 7.70 878.00 7.7 167.90 16.50 138.25 225 104.76 234.00 104.76

234.50 8.20 964.89 8.2 173.27 17.00 140.33 225 107.73 234.50 107.73

235.00 8.70 1,054.48 8.7 178.47 17.50 142.38 225 110.69 235.00 110.69

235.50 9.20 1,146.67 9.2 183.53 18.00 144.40 225 113.66 235.50 113.66

236.00 9.70 1241.41 9.7 188.45 18.50 146.39 225 116.62 236.00 116.62

237.00 10.70 1438.25 10.7 197.92 19.50 150.29 225 121.98 237.00 121.98
1
 Pipe Orifice flow computed without consideration of tailwater.  Tailwater was considered in "Outlet Pipe Flow" computation.

ALF Overflow 2

Elevation

Weir Flow Orifice Flow Pipe Orifice Flow

Rating Curve Development:  Stilling Pond, ALF Overflow 2

Inflow Design Flow Control System Plan

East Ash Disposal Area, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/29/2015

Checked by:   MMM Checked By Date: 9/30/2015



Indicates Controlling Flow

Outlet Pipe Flow (from HY-8) Rating Curve for HEC-HMS

H (ft)
Q=CLH

1.5 

(cfs)
H (ft)

Q=C0A(2gH)
0.5 

(cfs)
Hc (ft)

1 Q=C0A(2gHc)
0.

5
 (cfs)

Assumed TW 

(ft)
Q (cfs)

HW Elevation 

(ft)
Q (cfs)

225.40 0.00 0.00 0 0.00 7.90 95.66 225 14.81 225.40 0.00

225.50 0.10 1.30 0.1 19.13 8.00 96.27 225 18.52 225.50 1.30

226.00 0.60 19.10 0.6 46.87 8.50 99.23 225 32.33 226.00 19.10

226.50 1.10 47.41 1.1 63.46 9.00 102.11 225 38.45 226.50 38.45

227.00 1.60 83.16 1.6 76.54 9.50 104.90 225 44.57 227.00 44.57

227.50 2.10 125.05 2.1 87.68 10.00 107.63 225 50.69 227.50 50.69

228.00 2.60 172.27 2.6 97.56 10.50 110.29 225 56.82 228.00 56.82

228.50 3.10 224.28 3.1 106.53 11.00 112.88 225 61.77 228.50 61.77

229.00 3.60 280.68 3.6 114.80 11.50 115.42 225 65.47 229.00 65.47

229.50 4.10 341.14 4.1 122.52 12.00 117.90 225 69.16 229.50 69.16

230.00 4.60 405.41 4.6 129.77 12.50 120.33 225 72.86 230.00 72.86

230.50 5.10 473.27 5.1 136.64 13.00 122.72 225 76.55 230.50 76.55

231.00 5.60 544.55 5.6 143.19 13.50 125.05 225 80.25 231.00 80.25

231.50 6.10 619.09 6.1 149.44 14.00 127.35 225 83.94 231.50 83.94

232.00 6.60 696.74 6.6 155.44 14.50 129.60 225 87.64 232.00 87.64

232.50 7.10 777.40 7.1 161.23 15.00 131.82 225 90.95 232.50 90.95

233.00 7.60 860.95 7.6 166.81 15.50 134.00 225 93.58 233.00 93.58

233.50 8.10 947.29 8.1 172.21 16.00 136.14 225 96.21 233.50 96.21

234.00 8.60 1,036.35 8.6 177.44 16.50 138.25 225 98.84 234.00 98.84

234.50 9.10 1,128.03 9.1 182.53 17.00 140.33 225 101.47 234.50 101.47

235.00 9.60 1,222.26 9.6 187.47 17.50 142.38 225 104.11 235.00 104.11

235.50 10.10 1,318.98 10.1 192.29 18.00 144.40 106.74 235.50 106.74

236.00 10.60 1,418.13 10.60 197.00 18.50 146.39 225 109.37 236.00 109.37

237.00 11.60 1,623.47 11.60 206.08 19.50 150.29 225 114.63 237.00 114.63
1
 Pipe Orifice flow computed without consideration of tailwater.  Tailwater was considered in "Outlet Pipe Flow" computation.

Elevation

Weir Flow Orifice Flow Pipe Orifice Flow

ALF East

Rating Curve Development:  Stilling Pond, ALF East

Inflow Design Flow Control System Plan

East Ash Disposal Area, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/29/2015

Checked by:   MMM Checked By Date: 9/30/2015



Indicates Controlling Flow

Outlet Pipe Flow (from HY-8) Rating Curve for HEC-HMS

H (ft)
Q=CLH

1.5 

(cfs)
H (ft)

Q=C0A(2gH)
0.5 

(cfs)
Hc (ft)

1 Q=C0A(2gHc)
0.

5
 (cfs)

Assumed TW 

(ft)
Q (cfs)

HW Elevation 

(ft)
Q (cfs)

225.39 0.00 0.00 0 0.00 7.89 95.60 225 14.44 225.39 0.00

225.50 0.11 1.50 0.11 20.07 8.00 96.27 225 18.52 225.50 1.50

226.00 0.61 19.58 0.61 47.26 8.50 99.23 225 32.36 226.00 19.58

226.50 1.11 48.06 1.11 63.75 9.00 102.11 225 38.55 226.50 38.55

227.00 1.61 83.95 1.61 76.77 9.50 104.90 225 44.75 227.00 44.75

227.50 2.11 125.95 2.11 87.89 10.00 107.63 225 50.95 227.50 50.95

228.00 2.61 173.27 2.61 97.75 10.50 110.29 225 57.15 228.00 57.15

228.50 3.11 225.37 3.11 106.70 11.00 112.88 225 62.00 228.50 62.00

229.00 3.61 281.85 3.61 114.96 11.50 115.42 225 65.70 229.00 65.70

229.50 4.11 342.39 4.11 122.67 12.00 117.90 225 69.41 229.50 69.41

230.00 4.61 406.73 4.61 129.91 12.50 120.33 225 73.11 230.00 73.11

230.50 5.11 474.67 5.11 136.78 13.00 122.72 225 76.81 230.50 76.81

231.00 5.61 546.01 5.61 143.31 13.50 125.05 225 80.52 231.00 80.52

231.50 6.11 620.61 6.11 149.56 14.00 127.35 225 84.22 231.50 84.22

232.00 6.61 698.33 6.61 155.56 14.50 129.60 225 87.93 232.00 87.93

232.50 7.11 779.04 7.11 161.34 15.00 131.82 225 91.17 232.50 91.17

233.00 7.61 862.65 7.61 166.92 15.50 134.00 225 93.82 233.00 93.82

233.50 8.11 949.05 8.11 172.31 16.00 136.14 225 96.47 233.50 96.47

234.00 8.61 1,038.16 8.61 177.54 16.50 138.25 225 99.12 234.00 99.12

234.50 9.11 1,129.89 9.11 182.63 17.00 140.33 225 101.77 234.50 101.77

235.00 9.61 1,224.17 9.61 187.57 17.50 142.38 225 104.42 235.00 104.42

235.50 10.11 1,320.94 10.11 192.39 18.00 144.40 225 107.07 235.50 107.07

236.00 10.61 1,420.14 10.61 197.09 18.50 146.39 225 109.72 236.00 109.72

237.00 11.61 1,625.57 11.61 206.17 19.50 150.29 225 115.02 237.00 115.02
1
 Pipe Orifice flow computed without consideration of tailwater.  Tailwater was considered in "Outlet Pipe Flow" computation.

ALF West

Elevation

Weir Flow Orifice Flow Pipe Orifice Flow

Rating Curve Development:  Stilling Pond, ALF West

Inflow Design Flow Control System Plan

East Ash Disposal Area, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/29/2015

Checked by:   MMM Checked By Date: 9/30/2015



HY-8 Output

Q (cfs) Headwater (ft) Q (cfs) Headwater (ft) Q (cfs) Headwater (ft) Q (cfs) Headwater (ft)

0 225 0 225 0 225 0 225

30 225.71 30 225.72 30 225.81 30 225.81

60 227.85 60 227.89 60 228.26 60 228.23

90 231.41 90 231.51 90 232.32 90 232.28

120 236.4 120 236.57 120 238.02 120 237.94

ALF Overflow 1 ALF Overflow 2 ALF East ALF West

Rating Curves - HY-8 Output, Stilling Pond

Inflow Design Flow Control System Plan

East Ash Disposal Areas, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/23/2015

Checked by: MAM Checked By Date: 9/28/2015 



H (ft) Q=CLH
1.5

 (cfs)

229.31 0.00 0.00

230.00 0.69 51.85

230.50 1.19 117.44

231.00 1.69 198.76

231.50 2.19 293.20

232.00 2.69 399.15

232.50 3.19 515.45

233.00 3.69 641.27

233.50 4.19 775.94

234.00 4.69 918.89

234.50 5.19 1,069.68

235.00 5.69 1,227.93

235.50 6.19 1,393.29

236.00 6.69 1,565.47

236.50 7.19 1,744.21

237.00 7.69 1,929.27

237.50 8.19 2,120.46

238.00 8.69 2,317.58

238.50 9.19 2,520.45

239.00 9.69 2,728.92

239.50 10.19 2,942.83

Elevation

Weir Flow NOTE - This rating curve was not used directly 

in the modeling.  The weir was modeled as an 

outflow structure in HEC-HMS.  The hydrologic 

calculations adjusted the flow through the 

structure to account for tailwater from the 

Stilling Pond downstream.  The rating curve 

shown on this sheet represents the unadjusted 

rating curve.  

Rating Curve - Weir between East Ash Pond and Stilling Pond

Inflow Design Flow Control System Plan

East Ash Disposal Areas, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/23/2015

Checked by:   MMM                      Checked By Date: 9/29/2015



Rating Curves Under Normal Operation Rating Curves Under Emergency Operation

No Gates Closed Gates to McKellar Lake are closed

Elevation Discharge (cfs) Storage (acre-ft)
Elevation Discharge (cfs)

Storage (acre-ft)

225.40 0.00 46.40 226.30 0.00 52.01

225.50 2.80 47.02 226.47 3.12 53.08

226.00 38.68 50.11 226.50 3.89 53.27

226.50 80.89 53.27 227.00 39.92 56.43

227.00 129.24 56.43 227.50 96.97 59.73

227.50 198.62 59.73 228.00 122.18 63.02

228.00 236.14 63.02 228.50 130.53 66.44

228.50 254.31 66.44 229.00 138.89 69.85

229.00 270.06 69.85 229.50 147.25 73.42

229.50 285.82 73.42 230.00 155.60 76.99

230.00 301.57 76.99 230.50 163.96 80.69

230.50 317.33 80.69 231.00 172.32 84.39

231.00 333.08 84.39 231.50 180.46 88.19

231.50 348.62 88.19 232.00 186.45 91.99

232.00 362.01 91.99 232.50 192.42 95.87

232.50 374.54 95.87 233.00 198.39 99.76

233.00 385.79 99.76 233.50 204.36 103.75

233.50 397.04 103.75 234.00 210.33 107.74

234.00 408.29 107.74 234.50 216.30 111.84

234.50 419.54 111.84 235.00 222.27 115.94

235.00 430.80 115.94 235.50 228.25 120.15

235.50 442.05 120.15 236.00 234.22 124.36

236.00 453.30 124.36 237.00 244.79 133.08

237.00 474.44 133.08

Rating Curves - HEC-HMS Input, Stilling Pond

Inflow Design Flow Control System Plan

East Ash Disposal Areas, Allen Fossil Plant

Project Number: 172675014

Calculation Performed by:    TGC Calculation Date:    9/28/2015

Checked by:  MMM Checked By Date: 9/29/2015
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1000-year, 6-hour Rainfall Depth equals
From NOAA Atlas 14

Time
Incremental 

Depth
Cumulative 

Depth
Time

Incremental 
Depth

Cumulative 
Depth

Time
Incremental 

Depth
Cumulative 

Depth
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.44 1.44
0.10 0.03 0.03 0.10 0.03 0.03 0.10 1.00 2.43
0.20 0.03 0.07 0.20 0.03 0.07 0.20 0.80 3.23
0.30 0.03 0.10 0.30 0.03 0.10 0.30 0.50 3.73
0.40 0.03 0.13 0.40 0.03 0.13 0.40 0.25 3.98
0.50 0.03 0.17 0.50 0.03 0.17 0.50 0.20 4.18
0.60 0.03 0.20 0.60 0.03 0.20 0.60 0.17 4.35
0.70 0.03 0.23 0.70 0.03 0.24 0.70 0.15 4.50
0.80 0.03 0.27 0.80 0.04 0.27 0.80 0.13 4.63
0.90 0.03 0.30 0.90 0.04 0.31 0.90 0.12 4.75
1.00 0.03 0.34 1.00 0.04 0.35 1.00 0.11 4.86
1.10 0.03 0.37 1.10 0.04 0.39 1.10 0.10 4.96
1.20 0.04 0.41 1.20 0.04 0.43 1.20 0.10 5.07
1.30 0.04 0.44 1.30 0.05 0.48 1.30 0.09 5.16
1.40 0.04 0.48 1.40 0.05 0.53 1.40 0.09 5.24
1.50 0.04 0.51 1.50 0.05 0.58 1.50 0.08 5.33
1.60 0.04 0.55 1.60 0.05 0.63 1.60 0.08 5.41
1.70 0.04 0.59 1.70 0.06 0.69 1.70 0.08 5.48
1.80 0.04 0.63 1.80 0.06 0.75 1.80 0.07 5.56
1.90 0.04 0.67 1.90 0.07 0.81 1.90 0.07 5.63
2.00 0.04 0.71 2.00 0.07 0.88 2.00 0.07 5.70
2.10 0.04 0.75 2.10 0.07 0.96 2.10 0.07 5.77
2.20 0.04 0.79 2.20 0.08 1.04 2.20 0.07 5.83
2.30 0.04 0.83 2.30 0.09 1.13 2.30 0.06 5.89
2.40 0.04 0.88 2.40 0.10 1.23 2.40 0.06 5.95
2.50 0.05 0.92 2.50 0.11 1.34 2.50 0.06 6.01
2.60 0.05 0.97 2.60 0.12 1.46 2.60 0.06 6.07
2.70 0.05 1.02 2.70 0.25 1.71 2.70 0.06 6.13
2.80 0.05 1.07 2.80 0.50 2.21 2.80 0.05 6.18
2.90 0.05 1.12 2.90 0.80 3.01 2.90 0.05 6.23
3.00 0.05 1.17 3.00 1.44 4.44 3.00 0.05 6.28
3.10 0.05 1.22 3.10 1.00 5.44 3.10 0.05 6.33
3.20 0.05 1.27 3.20 0.20 5.64 3.20 0.05 6.38
3.30 0.06 1.33 3.30 0.17 5.81 3.30 0.05 6.43
3.40 0.06 1.39 3.40 0.15 5.96 3.40 0.05 6.48
3.50 0.06 1.45 3.50 0.13 6.09 3.50 0.05 6.52
3.60 0.06 1.51 3.60 0.10 6.19 3.60 0.04 6.57
3.70 0.06 1.57 3.70 0.09 6.28 3.70 0.04 6.61
3.80 0.07 1.63 3.80 0.08 6.36 3.80 0.04 6.65
3.90 0.07 1.70 3.90 0.08 6.44 3.90 0.04 6.69
4.00 0.07 1.77 4.00 0.07 6.51 4.00 0.04 6.73
4.10 0.07 1.84 4.10 0.07 6.58 4.10 0.04 6.77
4.20 0.07 1.92 4.20 0.06 6.64 4.20 0.04 6.81
4.30 0.08 1.99 4.30 0.06 6.70 4.30 0.04 6.85
4.40 0.08 2.07 4.40 0.06 6.76 4.40 0.04 6.89
4.50 0.08 2.16 4.50 0.05 6.81 4.50 0.04 6.92
4.60 0.09 2.24 4.60 0.05 6.86 4.60 0.04 6.96
4.70 0.09 2.33 4.70 0.05 6.91 4.70 0.04 6.99
4.80 0.10 2.44 4.80 0.05 6.96 4.80 0.04 7.03
4.90 0.10 2.54 4.90 0.04 7.00 4.90 0.03 7.06
5.00 0.11 2.65 5.00 0.04 7.04 5.00 0.03 7.10
5.10 0.12 2.77 5.10 0.04 7.08 5.10 0.03 7.13
5.20 0.13 2.90 5.20 0.04 7.12 5.20 0.03 7.17
5.30 0.15 3.05 5.30 0.04 7.16 5.30 0.03 7.20
5.40 0.17 3.22 5.40 0.04 7.19 5.40 0.03 7.23
5.50 0.20 3.42 5.50 0.04 7.23 5.50 0.03 7.27
5.60 0.25 3.67 5.60 0.04 7.26 5.60 0.03 7.30
5.70 0.50 4.17 5.70 0.03 7.30 5.70 0.03 7.33
5.80 0.80 4.97 5.80 0.03 7.33 5.80 0.03 7.37
5.90 1.00 5.96 5.90 0.03 7.37 5.90 0.03 7.40
6.00 1.44 7.40 6.00 0.03 7.40 6.00 0.00 7.40

1000-year 6-hour SCS Type II "Middle 
Peak" Hydrograph

1000-year 6-hour SCS Type II "Late 
Peak" Hydrograph

1000-year 6-hour SCS Type II "Early 
Peak" Hydrograph

7.40 inches

Rainfall Distribution
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    TGC Calculation Date:    9/23/2015
Checked by:   MM Checked By Date:   9/24/2015
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Early, Middle, and Late Peak 6-Hour SCS Type II Distributions Allen Fossil Plant

"Middle Peak" SCS Type II (Incremental)"
"Late Peak" SCS Type II (Incremental)"""
"Early Peak" SCS Type II (Incremental)"
"Middle Peak" SCS Type II (Cumulative)
"Late Peak" SCS Type II (Cumulative"
"Early Peak"  SCS Type II (Cumulative)"

Rainfall Distribution - Hydrograph
Inflow Design Flow Control System Plan
East Ash Disposal Areas, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    TGC Calculation Date:    9/23/2015
Checked by:   MM Checked By Date:   9/24/2015



10/4/2016 Precipitation Frequency Data Server

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=35.0720&lon=­90.1390&data=depth&units=english&series=pds#maps 1/4

NOAA Atlas 14, Volume 2, Version 3 
Location name: Memphis, Tennessee, USA* 

Latitude: 35.072°, Longitude: ­90.139° 
Elevation: 229.07 ft**

* source: ESRI Maps 
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS­based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5­min 0.419
(0.391‑0.452)

0.490
(0.457‑0.528)

0.558
(0.519‑0.599)

0.610
(0.566‑0.656)

0.672
(0.623‑0.722)

0.716
(0.661‑0.769)

0.760
(0.699‑0.816)

0.799
(0.731‑0.858)

0.847
(0.771‑0.910)

0.883
(0.798‑0.950)

10­min 0.670
(0.624‑0.722)

0.784
(0.732‑0.845)

0.893
(0.832‑0.960)

0.975
(0.906‑1.05)

1.07
(0.992‑1.15)

1.14
(1.05‑1.22)

1.21
(1.11‑1.30)

1.27
(1.16‑1.36)

1.34
(1.22‑1.44)

1.39
(1.26‑1.50)

15­min 0.837
(0.780‑0.902)

0.986
(0.920‑1.06)

1.13
(1.05‑1.21)

1.23
(1.15‑1.33)

1.36
(1.26‑1.46)

1.45
(1.33‑1.55)

1.53
(1.40‑1.64)

1.60
(1.46‑1.72)

1.69
(1.53‑1.81)

1.75
(1.58‑1.88)

30­min 1.15
(1.07‑1.24)

1.36
(1.27‑1.47)

1.60
(1.49‑1.73)

1.79
(1.66‑1.92)

2.01
(1.86‑2.16)

2.18
(2.01‑2.33)

2.34
(2.15‑2.51)

2.49
(2.28‑2.67)

2.69
(2.44‑2.88)

2.83
(2.56‑3.04)

60­min 1.43
(1.33‑1.54)

1.71
(1.59‑1.84)

2.06
(1.92‑2.21)

2.33
(2.16‑2.50)

2.68
(2.48‑2.88)

2.95
(2.72‑3.16)

3.22
(2.96‑3.46)

3.49
(3.19‑3.75)

3.85
(3.50‑4.14)

4.13
(3.73‑4.44)

2­hr 1.77
(1.65‑1.90)

2.11
(1.97‑2.27)

2.55
(2.38‑2.75)

2.90
(2.69‑3.12)

3.37
(3.11‑3.61)

3.73
(3.44‑4.00)

4.11
(3.77‑4.41)

4.49
(4.10‑4.81)

5.01
(4.54‑5.38)

5.41
(4.87‑5.82)

3­hr 1.90
(1.76‑2.05)

2.27
(2.11‑2.45)

2.74
(2.55‑2.96)

3.13
(2.90‑3.37)

3.64
(3.36‑3.92)

4.05
(3.73‑4.36)

4.47
(4.10‑4.82)

4.91
(4.46‑5.28)

5.51
(4.97‑5.93)

5.98
(5.36‑6.44)

6­hr 2.33
(2.17‑2.52)

2.78
(2.58‑3.01)

3.35
(3.11‑3.63)

3.82
(3.54‑4.13)

4.46
(4.12‑4.81)

4.97
(4.57‑5.36)

5.50
(5.03‑5.92)

6.04
(5.49‑6.51)

6.79
(6.12‑7.32)

7.40
(6.60‑7.97)

12­hr 2.82
(2.61‑3.05)

3.36
(3.12‑3.65)

4.09
(3.79‑4.43)

4.67
(4.32‑5.05)

5.47
(5.04‑5.90)

6.10
(5.60‑6.58)

6.76
(6.16‑7.29)

7.44
(6.74‑8.02)

8.37
(7.52‑9.04)

9.12
(8.13‑9.86)

24­hr 3.30
(3.07‑3.54)

3.94
(3.68‑4.25)

4.83
(4.50‑5.19)

5.54
(5.15‑5.95)

6.51
(6.03‑6.99)

7.30
(6.73‑7.83)

8.11
(7.44‑8.70)

8.95
(8.18‑9.62)

10.1
(9.15‑10.9)

11.0
(9.93‑11.9)

2­day 3.91
(3.66‑4.17)

4.67
(4.37‑4.99)

5.68
(5.31‑6.07)

6.47
(6.04‑6.90)

7.55
(7.03‑8.05)

8.40
(7.79‑8.97)

9.28
(8.56‑9.91)

10.2
(9.33‑10.9)

11.4
(10.4‑12.2)

12.3
(11.1‑13.3)

3­day 4.16
(3.89‑4.45)

4.96
(4.64‑5.32)

6.02
(5.63‑6.45)

6.85
(6.39‑7.33)

7.96
(7.40‑8.51)

8.83
(8.18‑9.46)

9.71
(8.96‑10.4)

10.6
(9.74‑11.4)

11.8
(10.8‑12.8)

12.8
(11.5‑13.8)

4­day 4.41
(4.12‑4.73)

5.26
(4.92‑5.65)

6.37
(5.94‑6.83)

7.22
(6.73‑7.75)

8.37
(7.77‑8.98)

9.26
(8.57‑9.95)

10.2
(9.36‑10.9)

11.1
(10.1‑11.9)

12.3
(11.2‑13.3)

13.2
(11.9‑14.4)

7­day 5.19
(4.86‑5.56)

6.21
(5.82‑6.64)

7.50
(7.02‑8.03)

8.50
(7.93‑9.09)

9.82
(9.13‑10.5)

10.8
(10.1‑11.6)

11.9
(11.0‑12.7)

12.9
(11.9‑13.9)

14.3
(13.0‑15.4)

15.4
(13.9‑16.6)

10­day 5.92
(5.55‑6.32)

7.07
(6.62‑7.54)

8.46
(7.92‑9.03)

9.50
(8.89‑10.1)

10.9
(10.1‑11.6)

11.9
(11.1‑12.7)

12.9
(12.0‑13.8)

13.9
(12.9‑14.9)

15.3
(14.0‑16.4)

16.3
(14.8‑17.5)

20­day 7.97
(7.48‑8.49)

9.46
(8.88‑10.1)

11.2
(10.5‑11.9)

12.4
(11.6‑13.2)

14.0
(13.1‑14.9)

15.2
(14.2‑16.2)

16.3
(15.2‑17.4)

17.3
(16.1‑18.5)

18.7
(17.3‑20.0)

19.7
(18.1‑21.1)

30­day 9.67
(9.09‑10.3)

11.4
(10.8‑12.2)

13.4
(12.6‑14.3)

14.9
(14.0‑15.8)

16.7
(15.7‑17.8)

18.1
(16.9‑19.3)

19.4
(18.1‑20.7)

20.7
(19.2‑22.1)

22.3
(20.6‑23.8)

23.4
(21.6‑25.1)

45­day 12.1
(11.4‑12.8)

14.3
(13.4‑15.2)

16.7
(15.6‑17.7)

18.4
(17.2‑19.5)

20.5
(19.2‑21.8)

22.1
(20.7‑23.5)

23.6
(22.0‑25.1)

25.0
(23.3‑26.6)

26.7
(24.8‑28.5)

27.9
(25.8‑29.9)

60­day 14.3
(13.5‑15.2)

16.9
(15.9‑18.0)

19.6
(18.4‑20.9)

21.6
(20.2‑22.9)

24.0
(22.4‑25.5)

25.7
(24.0‑27.3)

27.3
(25.5‑29.0)

28.8
(26.8‑30.7)

30.6
(28.4‑32.6)

31.9
(29.5‑34.1)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

http://www.commerce.gov/
http://www.noaa.gov/


10/4/2016 Precipitation Frequency Data Server

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=35.0720&lon=­90.1390&data=depth&units=english&series=pds#maps 2/4

PF graphical

Back to Top

Maps & aerials

Small scale terrain



10/4/2016 Precipitation Frequency Data Server

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=35.0720&lon=­90.1390&data=depth&units=english&series=pds#maps 3/4

Large scale terrain

Large scale map

Large scale aerial

+
–

3km

2mi

+
–

100km

60mi

+
–

100km

60mi



10/4/2016 Precipitation Frequency Data Server

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=35.0720&lon=­90.1390&data=depth&units=english&series=pds#maps 4/4

Back to Top

US Department of Commerce 
National Oceanic and Atmospheric Administration 

National Weather Service 
National Water Center 

1325 East West Highway 
Silver Spring, MD 20910 

Questions?: HDSC.Questions@noaa.gov 

Disclaimer 

+
–

100km

60mi

http://www.commerce.gov/
http://www.noaa.gov/
http://www.nws.noaa.gov/
http://www.nws.noaa.gov/oh/
mailto:HDSC.Questions@noaa.gov
http://www.nws.noaa.gov/disclaimer.html


 

 

 

APPENDIX H 
STAGE-STORAGE DATA 

 
 



Item 
No.

Basin
Elevation

(ft) (1)

Height
(ft)

Cumulative 
Storage
(ac-ft)

Cumulative 
Storage
(cu. yds)

Cumulative 
Storage
(cu. ft)

1 213.5 0.0 0.00 0.00 0
2 214.0 0.5 0.00 7.69 208
3 215.0 1.5 0.32 523.71 14,140
4 216.0 2.5 1.33 2138.23 57,732
5 217.0 3.5 3.17 5118.83 138,208
6 218.0 4.5 6.45 10405.76 280,956
7 219.0 5.5 10.72 17294.61 466,954
8 220.0 6.5 15.55 25084.29 677,276
9 221.0 7.5 20.77 33503.06 904,583

10 222.0 8.5 26.27 42384.37 1,144,378
11 223.0 9.5 32.00 51627.16 1,393,933
12 224.0 10.5 37.90 61141.04 1,650,808
13 225.0 11.5 43.93 70879.05 1,913,734
14 226.0 12.5 50.11 80842.65 2,182,752
15 227.0 13.5 56.43 91039.82 2,458,075
16 228.0 14.5 63.02 101678.21 2,745,312
17 229.0 15.5 69.85 112689.52 3,042,617
18 230.0 16.5 76.99 124214.77 3,353,799
19 231.0 17.5 84.39 136150.56 3,676,065
20 232.0 18.5 91.99 148403.45 4,006,893
21 233.0 19.5 99.76 160951.22 4,345,683
22 234.0 20.5 107.74 173822.03 4,693,195
23 235.0 21.5 115.94 187045.86 5,050,238
24 236.0 22.5 124.36 200631.22 5,417,043
25 237.0 23.5 133.08 214702.46 5,796,966

ft = feet; sf = square feet; ac = acre, ac-ft = acre feet; CB = calculation brief.

Stilling Pond Stage-Storage

Stage -Storage Data
Inflow Design Flow Control System Plan
Stilling Pond, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    TGC Calculation Date:    9/23/2015
Checked by:  JJR Checked By Date: 9/25/2015

\\us1243-f01\workgroup\1755\active\175565240\geotechnical\analysis\H&H\ALF_Hydrologic_modeling\Appendices\Appendix H - 
Stage-Storage Data\
ALF Basins.xls-9/29/2015 Page 1 of 2



Item 
No.

Basin
Elevation

(ft) (1)

Height
(ft)

Cumulative 
Storage
(ac-ft)

Cumulative 
Storage
(cu. yds)

Cumulative 
Storage
(cu. ft)

1 218.6 0.0 0.00 0 0
2 219.0 0.4 0.00 2 58
3 220.0 1.4 0.11 185 5,000
4 221.0 2.4 0.78 1,250 33,763
5 222.0 3.4 2.39 3,852 104,008
6 223.0 4.4 5.35 8,637 233,203
7 224.0 5.4 9.57 15,441 416,895
8 225.0 6.4 14.77 23,835 643,543
9 226.0 7.4 20.78 33,527 905,228

10 227.0 8.4 27.53 44,417 1,199,263
11 228.0 9.4 36.47 58,840 1,588,681
12 229.0 10.4 47.45 76,549 2,066,823
13 230.0 11.4 59.61 96,167 2,596,499
14 231.0 12.4 75.31 121,495 3,280,359
15 232.0 13.4 104.52 168,621 4,552,776
16 233.0 14.4 141.64 228,519 6,170,006
17 234.0 15.4 182.64 294,663 7,955,905
18 235.0 16.4 225.98 364,581 9,843,675
19 236.0 17.4 270.33 436,140 11,775,789
20 237.0 18.4 315.51 509,020 13,743,528

ft = feet; sf = square feet; ac = acre, ac-ft = acre feet; CB = calculation brief.

East Ash Pond Stage-Storage

Stage -Storage Data
Inflow Design Flow Control System Plan
Stilling Pond, Allen Fossil Plant
Project Number: 172675014
Calculation Performed by:    TGC Calculation Date:    9/23/2015
Checked by:  JJR Checked By Date: 9/25/2015

\\us1243-f01\workgroup\1755\active\175565240\geotechnical\analysis\H&H\ALF_Hydrologic_modeling\Appendices\Appendix H - Stage-
Storage Data\
ALF Basins.xls-9/29/2015 Page 2 of 2
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