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1.0 PURPOSE 

This letter documents AECOM’s certification of the initial structural stability assessment for the TVA 

Paradise Fossil Plant’s Gypsum Disposal Area and Stilling Ponds 1 and 2. Based on this 

assessment, the Gypsum Disposal Area and Stilling Ponds 1 and 2  are in compliance with the 

structural stability requirements in the Final CCR Rule at 40 CFR 257.73(d). 

 

2.0 INITIAL STRUCTURAL STABILITY ASSESSMENT 

As described in 40 CFR 257.73(d), documentation is required on how the Gypsum Disposal Area and 

Stilling Ponds 1 and 2 has been designed, constructed, operated, and maintained according to the 

structural stability requirements listed in the section. The combined capacity of all spillways must also 

be designed, constructed, operated, and maintained to adequately manage flow from the 1000-year 

storm event based upon a hazard potential classification of “significant.”  

 

3.0 SUMMARY OF FINDINGS 

The attached report presents the initial structural stability assessment of the Gypsum Disposal Area 

and Stilling Ponds 1 and 2. The results show that the impoundment meets the structural stability 

requirements set forth in 40 CFR 257.73(d)(1)-(2). 
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1.0 PROJECT BACKGROUND 

On April 17, 2015 the “Disposal of Coal Combustion Residuals (CCR) from Electric Utilities” 
(EPA Final CCR Rule) was published in the Federal Register.  AECOM has been contracted by 
the Tennessee Valley Authority (TVA) to analyze the Structural Stability of the Paradise Fossil 
Plant’s CCR surface impoundments (SI) and evaluate compliance with §257.73 of the EPA Final 
CCR Rule. 

As required by §257.73 of the EPA Final CCR Rule, an initial structural integrity evaluation is 
required by October 17, 2016 and must include an initial structural stability assessment for each 
existing CCR surface impoundment that meets the conditions of paragraph (b) as follows: 

1. Has a height of five feet or more and a storage volume of 20 acre-feet or more; or  
2. Has a height of 20 feet or more.   

The Gypsum Disposal Area and Stilling Ponds 1 and 2 meet the criteria. The location of the 
Gypsum Disposal Area and Stilling Ponds is shown in Figure 1. 

 

Figure 1: Site Location Map 

 

2.0 STRUCTURAL STABILITY ASSESSMENT  

40 CFR 257.73(d)(1). Periodic structural stability assessments. (1) The owner or operator of the 

CCR unit must conduct initial and periodic structural stability assessments and document 

whether the design, construction, operation, and maintenance of the CCR unit is consistent 

with recognized and generally accepted good engineering practices for the maximum 

volume of CCR and CCR wastewater which can be impounded therein. The assessment 

must, at a minimum, document whether the CCR unit has been designed, constructed, 

operated, and maintained with: 

(i) Stable foundations and abutments; 

(ii) Adequate slope protection to protect against surface erosion, wave action, and adverse 

effects of sudden drawdown; 
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(iii) Dikes mechanically compacted to a density sufficient to withstand the range of loading 

conditions in the CCR unit; 

(iv) Vegetated slopes of dikes and surrounding areas, except for slopes which have an 

alternate form or forms of slope protection; 

(v) A single spillway or a combination of spillways configured as specified in paragraph 

(d)(1)(v)(A) of this section. The combined capacity of all spillways must be designed, 

constructed, operated, and maintained to adequately manage flow during and following 

the peak discharge from the event specified in paragraph (d)(1)(v)(B) of this section. 

(vi) Hydraulic structures underlying the base of the CCR unit or passing through the dike of 

the CCR unit that maintain structural integrity and are free of significant deterioration, 

deformation, distortion, bedding deficiencies, sedimentation, and debris which may 

negatively affect the operation of the hydraulic structure; and 

(vii) For CCR units with downstream slopes which can be inundated by the pool of an 

adjacent water body, such as a river, stream or lake, downstream slopes that maintain 

structural stability during low pool of the adjacent water body or sudden drawdown of the 

adjacent water body. 

 FOUNDATIONS AND ABUTMENTS - §257.73(d)(1)(i) 2.1

The geology of the area encompassing the Gypsum Disposal Area and Stilling Ponds includes 

alluvial deposits underlain by Pennsylvanian age bedrock formations.  Geologic mapping 

indicates the site is primarily underlain by two geologic formations of Pennsylvanian age, the 

Carbondale and Shelburn Formations. Both formations generally consist of sandstone, which 

weathers to a dense sand. The Shelburn Formation underlies the Carbondale Formation. 

Underlying the Shelburn sandstone is a shale unit that is typically light-gray to black, and 

carbonaceous. Coal underlies the shale unit.  

The site lies within an alluvial valley, which used to be the Jacob’s Creek floodplain. The 

floodplain contained alluvial deposits consisting of gravel, sand, silt and clay.  Previous mining 

operations existed in the vicinity of the impoundment resulting in thick deposits of mine spoils at 

the original surface of the Gypsum Disposal Area.  

The foundation of the embankments and dikes consists of mine spoils. These materials are 

previously excavated overburden removed during the strip mining process and then replaced 

following removal of coal deposits. Accordingly, mine spoils tend to be heterogeneous. The 

majority of the mine spoils sampled consists of moist to wet, medium stiff to very stiff, lean clay 

(CL) with varying quantities of coal and rock fragments.  The dike embankments were 

constructed using clayey mine spoils consisting of clayey sand (SC) or lean clay (CL) with 

varying quantities of gravel sized rock fragments.  

In 2015, an Initial Annual (Intermediate) Inspection was performed for the Gypsum Disposal 
Area and Stilling Ponds 1 and 2 was completed. Based on the report, no evidence of actual or 
potential structural weakness of the inspected units was observed. No changes that may have 
affected the operational stability of the impounding structure were identified since the last 
inspection of the unit.  
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An assessment of seepage conditions of the foundation was performed by AECOM. Cone 

penetration testing (CPT) and hollow stem auger (HSA) boring exploration data was used in 

conjunction with historically available HSA data, laboratory testing data, and piezometer data to 

complete the geotechnical analyses including static slope stability and seepage. A review was 

made of available historical information, and a site visit was performed to obtain additional, site-

specific information. Seepage modeling indicated a phreatic surface, which remains beneath the 

surface of the downstream slope during normal pool conditions, which is consistent with recent 

observations.  

The phreatic surface used in the stability analysis was modeled using Seep/W software and 

known normal and flood pool elevations as boundary conditions. Initially, saturated permeability 

and anisotropy parameters from existing laboratory data and estimates from published 

correlations were modeled. Generally, hydraulic conductivities were initially determined from 

laboratory testing, while anisotropic ratios were determined based on published information from 

the United States Bureau of Reclamation. The values were then adjusted, when deemed 

appropriate, in order to calibrate the seepage models to the conditions as observed in historical 

piezometer data and field CPT dissipation data. The calibration process was completed at each 

cross section until parameters were determined which yielded a reasonable correlation to field 

readings. 

The cross section  locations  were  selected  to  be  representative  of  the  most  critical  cross  

sections,  such  as  the maximum embankment height, the steepest embankment slopes, and 

the least resisting force at and beyond the downstream toe.  The number and location of cross 

sections reflects engineering judgment to obtain appropriate geo-spatial coverage of the dike. 

The final calibrated model was conservatively constructed in order to present a phreatic surface 

slightly higher than the measured data to account for uncertainties. The modeled cross sections 

are shown in Appendix B.  

The final seepage parameters are summarized in Table 1 below.  

Table 1: Summary of Seepage Parameters 

Material Kv (cm/s) 2Kh/Kv 

Raised Embankment 2.4x10-5 4 

Chimney and Finger Drain 0.001 0.5 

 

Generally, the final adjusted values were within an order of magnitude of the laboratory test 

data. However, the permeability value of the drain was slightly lower than expected (10-3 cm/s) 

but still within a range typically associated with clean sand (10-1 to 10-3 cm/s). 

As a part of the seepage analysis at each cross section, horizontal and vertical gradients could 

be determined at individual finite elements. A determination of high or critical, (vertical) exit 

gradients can also be performed following well established sources (including Terzaghi and 

Peck, USACE EM 1110-2-1901, and USBR Design Standard No. 13 Embankment Dams, 

Chapter 8, January, 2014). Determination of critical gradients for a soil is determined when 

evaluating effective stress conditions. In essence, the critical gradient occurs when the effective 
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stress is zero. Under this condition, a “quick” condition exists in cohesionless soils, and the 

foundation materials may “boil” or “heave.” The critical gradient (Ic) is most commonly 

expressed as the ratio of the buoyant unit weight of the soil (γb) to the unit weight of water (γw). 

The factor of safety (FS) with respect to piping is generally defined as the ratio of the critical 

gradient (Ic) to the predicted or measured exit gradient (Ie) determined using the SEEP/W 

model. However, as described in the USBR Design Standard No. 13 Embankment Dams, 

Chapter 8, January, 2014:  

“It is important to recognize that the critical exit (vertical) gradient and the 
occurrence of boils and heaving of grains only occur in cohesionless soils. In 
most cohesive soils (plastic clays), with the exception of dispersive soils, 
inter-particle attractions create bonds between particles that make it less likely 
for these soils to lose strength due to seepage or for individual particles to be 
easily moved. Laboratory tests have shown that while sands can typically 
move or become quick under an upward gradient of around 1.0, clay particles 
may not move until threshold gradients reach values in the tens or even 
hundreds. Thus, any type of critical gradient in cohesive soils would be 
difficult to measure, would vary widely among such soils (due to such 
variables as percentage of clay fines, type of clay minerals, water 
content, and density), and should definitely not be calculated by the 
above equation.” 

 
The embankment and foundation materials of the dikes are constructed with cohesive materials.  

The seepage analysis indicates gradients at the toe are predominantly horizontal, as is typical 

for seepage flow through an embankment or foundation. Again as stated by the in the USBR 

Design Standard No. 13 Embankment Dams, Chapter 8, January, 2014: 

“Although formulae exist for computing factors of safety for conditions 

of critical exit (vertical) gradients, there is much more uncertainty when 

it comes to determining internal (horizontal) gradients that are capable 

of initiating internal erosion.” 

It should also be noted that an internal chimney drain and graded filter have been constructed 

within the embankment, and that seepage exiting the embankment at the toe would be filtered in 

any case.  

Therefore, while it is possible to measure vertical exit gradients and calculate critical gradients 

based on the available project information, performing a factor of safety calculation against 

piping is not appropriate for this project. 

. At the downstream toe of an embankment, if the seepage pressures in a pervious layer are 

higher than the overburden pressure of the confining layer, uplift of the confining layer may 

occur. In simplest terms, the factor of safety against uplift can be calculated in total stresses (or 

forces) as the total downward pressure exerted by the weight of the confining layer divided by 

the upward water pressure at the base of the layer.  

At the Stilling Pond 1 and 2 embankment dike, the subsurface conditions within the 

embankment and foundation are mine spoil consisting of a heterogeneous mixture of clay, sand, 
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silt, and gravel sized particles. Based on the subsurface conditions, no clearly defined pervious 

or confining layer is present. On this basis, and in consideration of the seepage analysis, uplift 

pressures would not develop at or beyond the toe of the Stilling Pond 1 or Stilling Pond 2 dike. 

The calculated factor of safety against heave for the Stilling Pond 1 and Stilling Pond 2 dike 

would exceed the recommended value of 1.5 for existing structures.  

Seepage conditions have been analyzed in accordance with acceptable methodologies, and  

existing embankments and foundation materials are performing acceptably in regard to piping 

and heave potential in comparison to current criteria and based on existing analytical data. 

Further, no physical or visual evidence of piping, heave, or uplift has been observed in the field 

during multiple visits to the site between 2015 and 2016. 

More information on the assessment of foundations and abutments can be found in the Initial 

Safety Factor Assessment prepared for CCR Certification by AECOM. 

 SLOPE PROTECTION - §257.73(d)(1)(ii) 2.2

The Gypsum Disposal Area and Stilling Ponds 1 and 2 are defined by a number of 
embankments. All three impoundments have both shared splitter dikes and their own perimeter 
dikes. The embankments vary in elevation, width, and slope. All of the dikes have gravel access 
roads topping the crests. Dike slopes are generally covered by grassy vegetation with riprap 
placed along shorelines, drainage ditches, and spillway outlets.  

In 2015, an Initial Annual (Intermediate) Inspection was performed for the Gypsum Disposal 

Area and Stilling Ponds 1 and 2. Based on the report, the slopes are generally covered with 

either dense grass or riprap. No trees or large, bushy vegetation are present on the slopes. No 

evidence of burrowing animals was observed. No evidence of actual or potential structural 

weaknesses of the inspected units were observed. 

Water travel over the dike slopes will not cause erosive effects based on the current slope 

protection and condition. Water will not overtop the dikes of the Stilling Ponds during a 1,000-

year storm event. No additional slope protection is required based on anticipated erosive flows.   

More information on the assessment of slope protection can be found in 2015 Initial Annual 
(Intermediate) Inspection and the attached Photos. 

 EMBANKMENT DIKE COMPACTION - §257.73(d)(1)(iii) 2.3

Construction documents dated from 1985 show that the Gypsum Disposal Area and Stilling 

Ponds 1 and 2 were developed by the construction of two dikes. The first dike (called Scrubber 

Dike in construction documents) defined the southern dike for the Gypsum Disposal Area and 

currently serves as the splitter dike between Stilling Ponds 1 and 2. The second dike built 

(called the deflector dike in construction documents) now serves as the north dike of Stilling 

Pond 1.  The remaining boundaries of the Gypsum Disposal Area and Stilling Pond 1 and 2 

were defined by existing road embankments and topography.   

Original construction documents from 1985 indicate the dikes construction consisted of 

dewatering the area, clearing of vegetation, compaction of subgrade, and scarification of the 

foundation area.  The compacted subgrade was to be done with a sheepsfoot roller followed by 

a flat wheeled roller until there it could support heavy equipment without rutting or heaving. The 
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construction of the dike included placement of earth fill (mine spoil) in layers of 6-inches 

compacted to 95 percent of maximum dry density per ASTM D698. Soil moisture content was to 

be within ±3% of the optimum moisture content.  In place density testing using either the sand 

cone (ASTM D1556) or rubber balloon (ASTM D2167) test methods was made at a rate of at 

least one test per 1,000 cubic yards of fill placed, or a minimum of one per day. Rocks larger 

than 6 inches in diameter were removed from the fill. Mine spoils can be visually described as 

lean to fat clay with intermediate sand lenses, gray to dark gray, moist to wet, soft to very stiff 

and with heterogeneous mixture of coal, shale, sandstone and siltstone fragments. 

Documentation for the construction of the western dike of Stilling Pond 1 (called the Clarification 

Pond in construction documents) was not found.  It appears to have been constructed between 

1985 and 1993. 

Construction documents dated from 1993 show additional construction of the Gypsum Disposal 

Area. Construction included raising the southern dike, construction of the eastern and western 

perimeter dikes, and an internal divider dike. The construction documents from the 

improvements performed dated in 1993 reference the 1985 construction methods for placement 

and compaction of fill during dike construction.  This includes the same details as listed above. 

More information on the construction of the dikes can be found in the History of Construction 

Report prepared for CCR Certification by AECOM. 

 VEGETATED SLOPES - §257.73(d)(1)(iv) 2.4

The embankments forming the Gypsum Disposal Area and Stilling Ponds 1 and 2 are primarily 

covered with well-maintained grassy vegetation. The crest of each dike serves as an access 

road, consisting of gravel surface. Riprap is placed at relevant locations including shorelines, 

drainage ditches, and spillway outlets.   

In 2015, an Initial Annual (Intermediate) Inspection was performed for the Gypsum Disposal 
Area. Based on the report, the slopes are generally covered with either dense grass or riprap. 
No trees or large, bushy vegetation are present on the slopes. No evidence of burrowing 
animals was observed. No evidence of actual or potential structural weakness of the inspected 
units was observed.  

More information on the assessment of vegetated slopes can be found in the 2015 Initial Annual 

(Intermediate) Inspection and the Photos. 

 SPILLWAY CONDITION AND CAPACITY - §257.73(d)(1)(v) 2.5

Under existing conditions, the drainage area for the Gypsum Disposal Area and Stilling Ponds 1 

and 2 is approximately 267 acres, containing areas north and east of the pond, and south of the 

plant.  

Stilling Pond 1 receives stormwater drainage from the Gypsum Disposal Area and surrounding 

area. Water discharges from Stilling Pond 1 and outlets into Stilling Pond 2 through a new 

spillway structure that was constructed in 2016. The spillway consists of three 24” HDPE culvert 

pipes that share a concrete spillway inlet structure and concrete outlet/energy dissipater. The 

Stilling Pond 2 outlet structure consists of two 42” steel culvert pipes that discharge into an open 
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channel drainage ditch. These culverts were installed in 2016. The water discharging into the 

drainage ditch flows to the Peabody Ash Pond.  

More information on existing spillway structure conditions can be found in the History of 

Construction Report prepared for CCR Certification by AECOM and the attached Photos. 

AECOM performed a hydrologic and hydraulic (H&H) study of the existing Stilling Ponds. An 
H&H computer model was developed using HEC-HMS to examine the hydraulic behavior of the 
Gypsum Disposal Area and Stilling Ponds during the Inflow Design Flood (IDF). The required 
IDF used in the model calculations is based on each pond’s hazard classification. Since Stilling 
Ponds 1 and 2 were classified as significant hazards, the required IDF is a 1,000 year flood. 

All structure dimensions, and invert elevations are modeled using the best available information 
under current operating conditions of the PAF Plant. Existing topographic and survey 
information for the Gypsum Disposal Area was provided by TVA. Drainage areas, volumes, and 
other site geometry were determined using the AutoCAD Civil 3D software in conjunction with 
survey data provided by TVA.  

The modeling results suggest the ponds would not overtop during a 1000-year design storm, 
and the freeboard for the Upper and Lower Stilling Ponds during this storm event is adequate. 

More information on the assessment of spillway capacity can be found in the Initial Inflow 

Design Flood Control Plan prepared for CCR Certification by AECOM.   

 SPILLWAY STRUCTURAL INTEGRITY - §257.73(d)(1)(vi) 2.6

All concrete, backfill, skimmer devices, bracing, connections, pedestrian grating and railings, 
outlet headwalls, and erosion protection devices were installed in 2016.  

The spillway and headwall were analyzed for structural stability and strength.  The spillway was 
evaluated for two different limit states. The first limit state was calculated under normal 
operating conditions. The second limit state was calculated for loading under a 1,000 year flood 
event. The structural stability for both limit states was checked against factor of safety 
requirements regarding to floatation, sliding, moment equilibrium, and bearing capacity.  

Since the spillway was designed and built in 2016, the original design calculations were used for 
the structural evaluation under normal operating conditions. The calculations for normal 
conditions are provided in Gypsum Disposal Area Stilling Pond 1, Spillway Basis of Design 
Calculations in Appendix A1.  

Additional calculations were performed for loading under a 1,000 year flood event. Under such 

conditions, it was assumed that water would overtop the skimmers with the chambers being full.  

The calculations for the 1,000-year flood are provided in Gypsum Disposal Area Stilling Pond 1 

Spillway, 1,000 - Year Flood Calculations in Appendix A2. 

The existing structures satisfy the factor of safety requirements for both limit states under both 

conditions evaluated. 

 SUDDEN DRAWDOWN ASSESSMENT - §257.73(d)(1)(vii)  2.7

The Sudden Drawdown Assessment does not apply to the Gypsum Disposal Area and Stilling 

Ponds 1 and 2.  The dike that separates Stilling Ponds 1 and 2 sits approximately 34 feet above 

the normal pool elevation of Stilling Pond 2.  Likewise, the splitter dike is approximately 10 feet 
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above the normal pool elevation of Stilling Pond 1. The effects of a sudden drawdown would not 

affect either Stilling Ponds 1 or 2 due to the significant elevation difference between the two 

ponds. Additionally, the 100-year floodplain of the Green River is significantly lower than the 

elevation of Stilling Ponds 1 and 2.  

 

3.0 CONCLUSION 

Based on the initial structural stability assessment, the requirements of Rule §257.73(d)(1) for 

the Gypsum Disposal Area and Stilling Ponds 1 and 2 have been met. 
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Photo 1 –Gypsum Disposal Area southern dike, looking west 

 

 

Photo 2 – Divider dike between Stilling Pond 1 and 2, looking southwest 



 

 

Photo 3 – Divider dike between Stilling Pond 1 and 2, looking northeast 

 

Photo 4 – Divider dike between Stilling Pond 1 and 2, looking east 



 

 

Photo 5 – Divider dike between Stilling Pond 1 and 2, looking east 

 

Photo 6 – Stilling Pond 2 south dike, looking southwest 



 

Photo 7 – Stilling Pond 2 south dike, looking southwest 

 

Photo 8 – Stilling Pond 2 south dike, looking northeast 

 



 

Photo 9 – Stilling Pond 2 Outlet, two 42” steel culverts 
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SECTION 1 

STRUCTURAL CALCULATIONS FOR SPILLWAY 

INLET AND OUTLET 



     

Job PAF Gypsum Stack Spillway  Project No. 60444361 Sheet  of  

Description Inlet Structure Calculations Computed by SAM Date 4/26/16 

  Checked by LMP Date 5/16/16 
 

Structural analysis memo 

I. PURPOSE 

The purpose of this structural analysis is to evaluate the stability of the inlet structure and the outlet 

structure, and to design the reinforcing steel for both. The inlet structure is located at the upstream end 

of the spillway, at the northeast end of the Upper Stilling Pond.  The outlet structure is located on the 

downstream side of the spillway, at the southwest end of the Lower Stilling Pond.  Both structures were 

checked for overturning, bearing, and sliding.  Steel reinforcing was designed to resist moments and 

shear forces applied to the structure, in accordance with ACI 318-11. 

II. SITE AND PROJECT DESCRIPTION 

The existing spillway at the Gypsum Stack Upper Stilling Pond is being replaced due to stability concerns.  

The Upper Stilling Pond receives process flows and stormwater runoff from the Gypsum Stack.  The 

Lower Stilling Pond receives flow from the Upper Stilling Pond, and a small amount of additional 

stormwater runoff.  The purpose of both ponds is to settle solids that are suspended in the process 

flows, and to manage stormwater.  The existing structure is a riser-type spillway, approximately 23 feet 

in height.  A 36-inch outlet pipe discharges into the Lower Stilling Pond.   

The existing discharge pipe and a portion of the riser will be grouted and abandoned as a part of this 

project.  The new spillway will consist of a concrete inlet weir structure which will carry flows from the 

Upper Stilling Pond to the Lower Stilling Pond via three 24-inch HDPE pipes.  At the downstream end, 

there will be a concrete energy dissipation structure, which was designed in accordance with the Federal 

Highway Adminstration’s Hydraulic Engineering Circular No. 14 – “Energy Dissipators”.  The structure is a 

United States Bureau of Reclamation (USBR) Type VI Impact Basin.  A riprap outlet channel will convey 

flow from the lower structure to the Lower Stilling Pond. 

III. METHODOLOGY 

The Gypsum Stack Spillway Structures were designed using the Load Resistance and Factor Design 

Methodology.   The compression strength of concrete is 4000 psi and the yield strength of reinforcing is 

60,000 psi.  All reinforcing shall be epoxy coated with a minimum clearance of 2” unless otherwise 

shown on the plans.  The allowable bearing pressure for both structures is 7.3 KSF. 

Surcharge loads from equipment on the structure will be negligible due to the nature of the 

configuration of the structure and were not considered for stability.  High groundwater is not 

anticipated, and uplift on the structure is not anticipated. 

Both structures were analyzed for global stability during and after construction with the following 

results: 
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Structural analysis memo 

Required Factor of Safety for Floatation: 1.3 

Inlet FS = 4.6 

Outlet FS = 2.35 

Required Factor of Safety for Sliding: 2.0 

Inlet FS = 1.96 During Construction 

Inlet FS = 2.24 After Construction 

Outlet FS = 1.97 During Construction 

Outlet FS = 2.53 After Construction 

Required Factor of Safety for Bearing Pressure: 3.0 

Inlet FS = 4.90 During Construction and increases after Construction 

Outlet FS = 9.0 During Construction and Increases after Construction 

Neither structure will experience any uplift during or after construction. 

The Dissipater structure will require porous backfill with drainage pipes directly behind the back and 

sidewalls to reduce hydrostatic pressure.  The Dissipater Wall was designed assuming the velocity exiting 

the three 24” Dia. pipes was 25 ft./sec. 
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ATTACHMENT A 

 Detailed Inlet Structural Calculations 
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ATTACHMENT B 

 Detailed Outlet Structural Calculations 

 





































 

 

SECTION 2 

SKIMMER CALCULATIONS 
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Skimmer memo 

I. PURPOSE 

The purpose of the steel skimmer is to prevent small or large floating debris from entering the inlet 

structure.  The design of the skimmer incorporates structural elements that were modeled using a finite 

element analysis program.   

II. SITE AND PROJECT DESCRIPTION 

The existing spillway at the Gypsum Stack Upper Stilling Pond is being replaced due to stability concerns.  

A new spillway will be constructed, which will make use of a steel skimmer that will be attached to the 

front of the inlet.   

III. METHODOLOGY 

The structural analysis and design for the skimmer inlet consisted of a finite element analysis (FEA) 

model of the 10’-4” diameter semi-circular skimmer shell and its steel membered sub-frame.  This was 

done using a FEA software package titled Visual Analysis by IES.  IES Visual Analysis is a general-purpose 

frame and finite element analysis tool with design capabilities.  It was assumed that the skimmer shell 

would not have a differential hydrostatic load.  The water level would be the same on the interior as it is 

on the exterior.  The self-weight of the skimmer shell and the sub-frame members were the primary 

vertical loading for this analysis.  A lateral load of 2000# was applied against the side of the skimmer to 

account for a possible impact load. 

 

 

































 

 

SECTION 3 

CONCRETE BULKHEAD CALCULATIONS 
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  Checked by SD Date 5/18/16 
 

Bulkhead memo 

I. PURPOSE 

The purpose of the bulkhead sizing calculation is to determine the size of concrete block required to 

withstand the pressure of the grout used for abandonment within the barrel of the existing 36-inch 

outlet and riser at the Upper Stilling Pone. 

II. SITE AND PROJECT DESCRIPTION 

The existing spillway at the Gypsum Stack Upper Stilling Pond is being replaced due to stability concerns.  

As a part of this project, the existing spillway will be grouted and abandoned after the new spillway is 

constructed.  The existing discharge pipe and a portion of the riser will be grouted.  The grout must be 

held in place within the existing spillway until it sets.  The concrete bulkhead will serve this purpose. 

III. METHODOLOGY 

The weight of the grout was determined, and the pressure due to the anticipated grout height within 

the riser was calculated.  The maximum resisting force equals the weight of the concrete block 

multiplied by the coefficient of friction between the concrete and the proposed stone bedding under the 

block.  Resisting forces due to friction within the pipe barrel were ignored. 

Weight of grout was assumed to be 138 pounds per cubic foot. 

Weight of concrete was assumed to be 150 pounds per cubic foot. 

Calculated factor of safety = 1.99 
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APPENDIX A2:   
GYPSUM DISPOSAL AREA STILLING POND 1 SPILLWAY 

1,000-YEAR FLOOD CALCULATIONS 
  





















 

  
 

 

 

 

 

 

APPENDIX B 
GEOTECHNICAL EXPLORATION AND ANALYSIS 

CROSS SECTIONS AND BORING LOCATION 



A

A'

B

B'

GYPSUM  DISPOSAL AREA

GYPSUM DISPOSAL AREA

STILLING POND 1

GYPSUM DISPOSAL AREA

STILLING POND 2

TENNESSEE VALLEY AUTHORITY

PARADISE FOSSIL PLANT

GYPSUM DISPOSAL AREA

STILLING PONDS 1 AND 2

PLAN VIEW

1



TENNESSEE VALLEY AUTHORITY

PARADISE FOSSIL PLANT

GYPSUM DISPOSAL AREA

STILLING PONDS 1 AND 2

CROSS SECTION A-A'

2



TENNESSEE VALLEY AUTHORITY

PARADISE FOSSIL PLANT

GYPSUM DISPOSAL AREA

STILLING PONDS 1 AND 2

CROSS SECTION B-B'

3



TENNESSEE VALLEY AUTHORITY

PARADISE FOSSIL PLANT

GYPSUM DISPOSAL AREA

STILLING PONDS 1 AND 2

CROSS SECTION C-C'

4


