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Section 1   

Introduction, Summary Conclusions and 

Recommendations 

1.1 Introduction 
On December 22, 2008 the dike of a coal combustion waste (CCW) ash pond dredging cell failed at a 

facility owned by the Tennessee Valley Authority in Kingston, Tennessee. The failure resulted in a spill 

of over one billion gallons of coal ash slurry, which covered more than 300 acres, damaging 

infrastructure and homes. In light of the dike failure, the United States Environmental Protection 

Agency (USEPA) is assessing the stability and functionality of existing CCW impoundments at coal-

fired electric utilities to ensure that lives and property are protected from the consequences of a 

failure. 

This assessment of the stability and functionality of San Miguel Electric Cooperative Inc.’s San Miguel 

Electric Plant CCW impoundments is based on a review of available documents, site assessments 

conducted by CDM Smith on August 30, 2012, and technical information provided subsequent to the 

site visit. In summary, the Ash Water Transport Pond (Ash Pond) and Sludge Disposal Basin (Sludge 

Basin) embankments are classified as FAIR based on the lack of hydrologic and hydraulic information 

on the Ash Pond or Sludge Basin, and the adequate documentation of the embankments’ structural 

stability including required analyses for normal operating pool, steady state conditions; maximum 

surcharge pool condition; and normal operating pool under seismic loading conditions.   

It is critical to note that the condition of the embankment(s) depends on numerous and constantly 

changing internal and external conditions, and is evolutionary in nature.  It would be incorrect to 

assume that the present condition of the embankment(s) will continue to represent the condition of 

the embankment(s) at some point in the future. Only through continued care and inspection can there 

be likely detection of unsafe conditions. 

1.2 Purpose and Scope 
CDM Smith was contracted by the USEPA to perform site assessments of selected surface 

impoundments. As part of this contract, CDM Smith conducted site assessments of the Ash Pond and 

Sludge Basin at the San Miguel Electric Plant (Plant) site owned by San Miguel Electric Cooperative, 

Inc. (San Miguel).  These ponds are located on the south and east sides of the site. The purpose of this 

report is to provide the results of the assessments and evaluations of the conditions and potential for 

waste release from the CCW impoundments.  

A site visit was conducted by CDM Smith representatives on August 30, 2012, to collect relevant 

information, inventory the impoundments, and perform visual assessments of the impoundments. 
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1.3 Conclusions and Recommendations 
1.3.1 Conclusions 
Conclusions are based on visual observations during site assessment on August 30, 2012 and review 

of technical documentation provided by San Miguel. 

1.3.1.1 Conclusions Regarding Structural Soundness of the CCW Impoundments 

Structural stability documentation appears to be adequate. A geotechnical report, prepared by Arias & 

Associates, Inc. (Arias), was provided, and it included slope stability analyses for all required load 

conditions, with the exception of rapid drawdown and liquefaction. Because the impoundments do not 

include spillways or overflow structures, and liquids are pumped over the embankments, rapid 

drawdown conditions were considered only likely in the event of a breach. The potential for 

liquefaction is considered unlikely due to the subsurface soil conditions and low seismic hazard level. 

Slope stability analyses were provided for steady-state seepage, maximum surcharge pool, and 

seismic conditions, as well as the assessment for liquefaction potential. In general, slope stability 

safety factors for load conditions analyzed are satisfactory. 

1.3.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of CCW Impoundments 

No hydrologic and hydraulic information was provided by San Miguel to indicate CCW impoundments 

hydrologic/hydraulic safety. A target pool elevation of at least 18 inches of freeboard at both the Ash 

Pond and Sludge Basin was the only hydraulic information provided by San Miguel. During the site 

visit, both ponds were below the target pool elevation.  Because no hydrologic/ hydraulic 

documentation was provided, the hydrologic/hydraulic safety is judged to be inadequate. 

1.3.1.3 Conclusions Regarding Adequacy of Supporting Technical Documentation 

Supporting data and documentation for the Ash Pond and Sludge Basin includes required structural 

stability analyses for normal operating pool, steady state conditions; maximum surcharge pool 

condition; and normal operating pool under seismic loading conditions.  An assessment of liquefaction 

potential was also provided, with the conclusion that liquefaction is considered to be very unlikely 

based on existing subsurface soil conditions and the stated 6% chance of a seismic event of a 

magnitude 5.0 or greater occurring over a 250-year period.  Technical documentation of the 

embankment stability under a sudden drawdown loading condition was not provided because rapid 

drawdown conditions were considered only likely in the event of a breach.  CDM Smith agrees with 

the rationale provided regarding embankment stability, liquefaction potential, and rapid drawdown 

conditions. Supporting documentation for structural stability is considered to be adequate.  

Because no supporting data or documentation was provided for hydrologic/hydraulic safety of the 

impoundments, it is considered to be inadequate. 

1.3.1.4 Conclusions Regarding Description of the CCW Impoundments 

The record drawings and descriptions of the CCW impoundments provided by San Miguel 

representatives appear to be consistent with the visual observations by CDM Smith during site 

assessment. 

1.3.1.5 Conclusions Regarding Field Observations 

During visual observations and site assessments, CDM Smith observed an area of potential seepage 

near the toe of the Ash Pond’s west embankment, erosion rills on the interior and exterior slopes of 

the Ash Pond embankments and  several rodent burrows on the crest and exterior slope of the Ash 
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Pond embankments.  An area of erosion, approximately 5 feet wide, was also observed on the interior 

slope of the Ash Pond’s east embankment.  According to San Miguel representatives this erosion was a 

result of leakage from a water well pipe traversing the Ash Pond embankment. The water well pipe 

had been repaired at the time of the site assessment. 

Soils had eroded or settled from under the Sludge Basin’s stormwater inlet structure.  Other 

observations of the Sludge Basin embankments included erosion rills on west embankment interior 

slope and an area of erosion on the interior slope of the west embankment, near the submersible 

pump outlet structure.   

1.3.1.6 Conclusions Regarding Adequacy of Maintenance and Methods of Operation 

Current maintenance and operation procedures appear to be generally adequate.  

There was documentation regarding seepage at the Ash Pond in the 1980s. The pond liner was 

reconstructed in 1987, but an area of potential seepage was observed during the CDM Smith site 

assessment in the vicinity of one of the areas that had documented seepage in the 1980s. There was no 

evidence of previous spills or release of impounded liquids outside the plant property.  

1.3.1.7 Conclusions Regarding Adequacy of Surveillance and Monitoring Program 

Surveillance and monitoring procedures include weekly checks of the impoundments by the Plant 

Environmental Engineer for leaks or deficiencies, and recording pool levels for both the Ash Pond and 

Sludge Basin. Additionally, level gages are checked six times daily by the operations department.   

Instrumentation for the Ash Pond and Sludge Basin consists of local level gages, used by operations to 

record impoundment levels.  In addition to the current surveillance and monitoring program, the area 

of potential seepage at the west embankment exterior slope of the Ash Pond should be monitored.  

Because of the erosion into the Ash Pond’s east embankment slope from a leaking pipe, the 

surveillance and monitoring program should be revised to include more-detailed inspections. 

1.3.1.8 Conclusions Regarding Suitability for Continued Safe and Reliable Operation 

Main embankments do not show evidence of unsafe conditions requiring immediate remedial efforts, 

although maintenance to correct deficiencies noted above is required.  

As described by San Miguel representatives operating procedures for the Ash Pond and Sludge Basin 

include methods of controlling the water levels in the lagoons, but no formal documentation was 

provided to CDM Smith.  

1.3.2 Recommendations 
Based on CDM Smith’s visual assessment of Ash Pond and Sludge Basin and review of documentation 

provided by San Miguel, CDM Smith offers the following recommendations for consideration. 

1.3.2.1 Recommendations Regarding the Hydrologic/Hydraulic Safety 

It is recommended that a qualified professional engineer determine the required flood frequency and 

evaluate the hydrologic and hydraulic capacity of the CCW impoundments to withstand design storm 

events without overtopping.   
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1.3.2.2 Recommendations Regarding the Technical Documentation for Structural Stability 

It is recommended that a qualified professional engineer reevaluate the impoundments for structural 

stability should conditions from those included in the Arias & Associates, Inc. structural stability 

analyses change.  

1.3.2.3 Recommendations Regarding Field Observations 

CDM Smith recommends corrective actions be taken for the specific conditions identified below:     

 Erosion rills – Erosion rills were observed on the interior slopes of the Sludge Basin and the 

interior and exterior slopes of the Ash Pond. Structural fill should be placed and compacted in 

the rills and graded to adjacent existing contours. The area should be sodded or reseeded. 

 Surface erosion - Structural fill should be placed and compacted, graded to adjacent existing 

contours, and sodded or reseeded. Alternatively, riprap or other armoring could be used.  

Riprap or other armoring is recommended for the west, north, and east interior slopes to 

reduce the potential for erosion.  

 Rodent burrows - Rodent burrows were observed on the crest and exterior embankment of the 

Ash Pond. Although not seen on other embankments, vegetation cover may have hidden 

additional rodent burrows.  CDM Smith recommends San Miguel accurately document areas 

disturbed by animal activity, remove the animals, and backfill the burrows with compacted 

structural fill to protect the integrity of the embankments.  

 Potential seepage area - CDM Smith observed an area of potential seepage at the west 

embankment exterior slope of the Ash Pond. CDM Smith recommends San Miguel take the 

following actions:  

 Cut back and maintain vegetation in the area to facilitate monitoring the condition 

 

 Develop a regular surveillance program to monitor areas of seepage and potential seepage 

to measure the rate, volume, and turbidity of flow emerging from the embankment slope; 

and 

 

 Develop and execute a geotechnical exploration program that includes additional test 

borings and installation of piezometers and other instrumentation to analyze and 

regularly monitor embankment seepage and stability. 

1.3.2.4 Recommendations Regarding Surveillance and Monitoring Program 

Monitoring for potential seepage at the exterior embankment slopes is recommended for both the Ash 

Pond and Sludge Basin considering historical issues with seepage. Potential areas of seepage may be 

more readily assessed after clearing of trees and dense vegetation on embankment slopes. It is 

recommended that vegetation on the impoundment embankments be maintained with seasonal 

mowing, as necessary, for animal control and surveillance and monitoring of embankments. 

1.3.2.5 Recommendations Regarding Continued Safe and Reliable Operation 

Inspections should be made following periods of heavy and/or prolonged rainfall, and the occurrence 

of these events should be documented. Inspection procedures should be documented and inspection 

records should be retained at the facility for a minimum of three years. 
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Major repairs and slope restoration should be designed by a registered professional engineer 

experienced with earthen dam design. 

None of the conditions observed require immediate attention or remediation, however, the above 

recommendations should be implemented to maintain continued safe and reliable operation of the 

CCW impoundments. 

1.4 Participants and Acknowledgment 
1.4.1 List of Participants 
CDM Smith representatives, Jamal Daas, P.E. and Bevin Barringer, P.E, were accompanied at all times 

during the visual assessment by the following individuals from San Miguel and San Miguel’s legal 

counsel, Jackson Walker, LLP: 

 Joseph Eutizi – Engineering Manager, San Miguel Electric Cooperative, Inc. 

 Michael Nasi – Jackson Walker, LLP 

 Lisa Kost – Technical Specialist, Jackson Walker, LLP 

1.4.2 Acknowledgement and Signature 
CDM Smith acknowledges that the CCW impoundments referenced herein were assessed by Jamal 

Daas, P.E. and Bevin Barringer, P.E.  Based on the documentation provided, the Ash Water Transport 

Pond and Sludge Disposal Basin are rated FAIR.  Although the facility has static and seismic 

engineering studies following best professional engineering practice to support safety factors under 

normal loading conditions (static, seismic) in accordance with the applicable safety regulatory criteria, 

San Miguel has not provided any hydrologic and hydraulic information to evaluate the capacity of 

either the Ash Pond or Sludge Basin. Deficiencies exist that require remedial measures.  

We certify that the CCW impoundments referenced herein have been assessed on August 30, 2012. 

 

 

 

_________________________________________   _________________________________________ 

Jamal Daas, P.E.      Bevin Barringer, P.E. 

Geotechnical Engineer     Geotechnical Engineer 

Texas Registration No. 112062     
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Section 2  

Description of the Coal Combustion Waste 

Impoundments 

2.1 Location and General Description 
The San Miguel Electric Plant (Plant), owned by San Miguel Electric Cooperative, Inc. (San Miguel) is 

located in Atascosa County at 6200 FM 3387, Christine, Texas, as shown on Figure 2-1.  The Plant site 

is surrounded by open grassy areas with patches of trees, as shown on Figure 2-2. The majority of 

land surrounding the Plant is used as pastureland for livestock. A surface lignite mine, operated by San 

Miguel, is located east of the Plant site. 

The Plant has two CCW impoundments: the Ash Water Transport Pond (Ash Pond) near the south end 

of Plant property and the Sludge Disposal Basin (Sludge Basin) near the east end of Plant property as 

shown on Figure 2-2. The Ash Pond was constructed as a side-hill impoundment with the northern 

embankment at or near natural grade. The Ash Pond includes a center embankment that separates the 

pond into north and south sections with a connecting gated channel that can be closed to isolate either 

pond. The channel is generally only closed to isolate the north or south pond for cleaning. According to 

the San Miguel representative, the Ash Pond was last dredged in 2005. The Sludge Basin was 

constructed as a diked impoundment that shares its western embankment with a water well storage 

pond. During the site assessment, the water level in the water well storage pond was above the water 

level in the Sludge Basin.  Information was not provided regarding hydraulic connection between the 

Sludge Basin and the water well storage pond.  

The total perimeter of the Ash Pond is approximately 6,000 feet, and the approximate surface area is 

30.5 acres. The total perimeter of the Sludge Basin is approximately 4,800 feet, and the approximate 

surface area is 26.5 acres. Table 2-1 shows a summary of the approximate size and dimension of the 

impoundments.  

Table 2-1 – Summary of Impoundments Approximate Dimension and Size 

 

Impoundment 

Ash Pond Sludge Basin 

Maximum Dam Height (ft) 20 24 to 34 

Average Crest Width (ft) 20 20  

Perimeter Length (ft) 6,000 4,800 

Interior Slopes, H:V 2.5:1 3:1 

Exterior Slopes, H:V 2.5:1 3:1 

Note: All dimensions were obtained from construction drawings. 

 

2.1.1 Horizontal and Vertical Datum 
Project drawings from 1976 and 1977, provided by San Miguel to CDM Smith did not include 

reference to the horizontal and vertical datum used. Based on the date of the drawings and the datum 

in general use at the time, it is likely that the drawings were referenced to the National Geodetic 
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Vertical Datum of 1929 (NGVD 1929) and the North American Datum of 1927 (NAD 27). Elevations 

noted herein are in feet and are referenced to the datum used for the project drawings, which is 

assumed to be NGVD 1929, unless otherwise noted. 

2.1.2 Site Geology 
The San Miguel Electric Plant is located in south central Atascosa County, Texas. Based on review of 

the USGS Topographic Map, natural ground surface elevations in the area of the Plant range from 

approximately El. 350 to El. 280 feet referenced to the North American Vertical Datum of 1988. 

According to the Quaternary Geologic Map of the Austin 4 x 6 Quadrangle published by the United 

States Geological Survey, the Plant is located on massive clay decomposition residuum from the 

Quaternary and Tertiary Periods. These deposits consist of gray to dark-brownish gray, yellowish- to 

dark-brown, reddish-brown, or mottled light-red to orange, clay, sandy clay, and fine quartz sand 

commonly limonite stained. The lower part of the deposits locally contain fragments of brown coal 

and are formed chiefly on dark-gray clay or yellowish-gray and brown, soft, thin sandstone 

interbedded with shale. According to the United States Department of Agriculture, surface soils in the 

area are comprised of clay, clay loam, and sandy clay loam.  

Soil boring information included in a letter from NFS/National Soil Services, Inc. dated September 25, 

1978 was provided by San Miguel. These borings indicate that existing subsurface soils in the vicinity 

of the  Ash Pond and Sludge Basin consist of stiff to hard clay with varying amounts of silt and sand 

underlain by a layer of dense to very dense clayey fine sand, silty fine sand and sandy silt. Soil boring 

information provided in the 1978 letter are included in Appendix A. Soil boring information was also 

provided in a report prepared by Arias & Associates, Inc. (Arias) dated November 19, 2012. In the 

Arias report, states that the embankment fill is comprised of clays, sandy clays, gravelly clays with 

some lignite material and sand pockets.  The Arias report indicates the embankment fill is in a stiff to 

hard condition. The fill also contained gypsum material. Upper native soils include clays, sandy clays, 

and fine sands in a stiff to hard and medium dense condition. These upper native soils are underlain 

by clays, sandy clays, clayey sands, siltstones, and sandstone with occasional thin seams of lignite in a 

very stiff to very hard or very dense condition. The 2012 Arias report is included in Appendix B.  

2.2 Coal Combustion Waste Handling 
The Ash Pond receives liquids from the bottom ash dewatering bins, Sludge Basin, water well storage 

pond, cooling tower, coal pile runoff pond, and plant drain sumps. 

The Sludge Basin receives liquids from the Ash Pond, stormwater runoff, sewage, emergency scrubber 

blowdown, and drainage from the acid storage area.  

The Plant is a zero liquid discharge facility, and all of the liquids in the Ash Pond and Sludge Basin are 

recycled and used in Plant processes. 

2.2.1 Fly Ash 
Fly ash is removed from the flue gas by the Electrostatic Precipitator (ESP) – a dry process.  It is then 

blown into a fly ash silo.  From the fly ash silo, the fly ash is sold (as a Portland cement substitute) or 

mixed with the scrubber sludge for placement in the mine for reclamation purposes. Under emergency 

operating conditions, limited amounts of fly ash may be discharged to the Ash Pond by a wet sluice 

(Hydroveyor) system.    
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2.2.2 Bottom Ash 
Bottom ash is collected in the ash hopper of the boiler and is sluiced to dewatering bins.  Ash is 

dewatered every 24 hours, and the decanted water, that contains some ash, goes to the Ash Pond.  The 

dewatered bottom ash is loaded into trucks and placed in the mine for reclamation purposes.   

2.2.3 Boiler Slag 
The San Miguel plant is not a slag-production type furnace, however a small amount of Boiler Slag is 

typically found in bottom ash.  

2.2.4 Flue Gas Desulfurization Gypsum 
The Flue Gas Desulfurization system (FGD) has a continuous blowdown of the scrubber liquor (that is 

17% solids) to a thickener where the water is decanted off and the thickened waste material (35 to 

50% solids) is pumped to a holding tank and then to a rotary filter where the solids are collected and 

the water is recycled.  The solids (75 to 80% solids) are then mixed with the fly ash so the dry mixture 

can be placed in the mine for reclamation purposes.    

2.3 Size and Hazard Classification 
According to the United States Army Corps of Engineers (USACE) Guidelines for Safety Inspection of 

Dams (1979) (ER 1110-2-106), impoundments are categorized per Table 2-2. 

Table 2-2 – USACE ER 1110-2-106 Size Classification 

Category 
Impoundment 

Storage (acre-feet) Embankment Height (feet) 

Small 50 to < 1000  25 to < 40  

Intermediate 1000 to < 50,000 40 to < 100 

Large > 50,000 > 100 

 

The total storage capacity of the Ash Pond and Sludge Basin are approximately 800 and 600 acre-feet, 

respectively. Therefore, the embankments for both impoundments are classified as small dams as 

defined in ER 1110-2-106. The impoundment capacities were estimated by CDM Smith based on the 

geometry shown on the original construction drawings provided by San Miguel. 

It is not known if the Plant impoundments currently have an assigned Hazard Potential Classification.  

Based on the USEPA classification system as presented on Page 2 of the USEPA checklist (Appendix C) 

and CDM Smith’s review of the site and downstream areas, recommended hazard ratings have been 

assigned to the impoundments as summarized in Table 2-3: 
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Table 2-3 – Recommended Impoundment Hazard Classification Ratings 

Ash Pond Unit Recommended Hazard Rating Basis 

Ash Water 
Transport Pond 

Significant Hazard 

 Loss of human life is not anticipated. 
 Failure or miss-operation could result in damage 

to plant infrastructure, operations, and utilities 
including transmission towers supporting high 
voltage overhead power circuits within 200 feet 
of the impoundment. 

 Failure or miss-operation could result in 
economic loss and environmental damage to 
rural areas located adjacent to the Plant 
boundary. Discharge would likely flow towards 
normally dry creeks located south of the Ash 
Water Transport Pond and onto adjacent 
property. Portions of the adjacent property are 
used for cattle grazing and others are leased by 
the local mining company.   

Sludge Disposal 
Basin 

Significant Hazard 

 Loss of human life is not anticipated. 
 Failure or miss-operation could result in damage 

to plant infrastructure, operations, and utilities 
including transmission towers supporting high 
voltage overhead power circuits within 200 feet 
of the impoundment. 

 Failure or miss-operation could result in 
economic loss and environmental damage to 
rural areas located adjacent to the Plant 
boundary. Discharge would likely flow towards 
normally dry creeks located west of the Sludge 
Disposal Basin and onto adjacent property. 
Portions of the adjacent property are used for 
cattle grazing and others are leased by the local 
mining company.   

 

 

2.4 Amount and Type of CCW Currently Contained in the 
Unit(s) and Maximum Capacity 
CDM Smith was not provided information on the amounts of CCW currently stored in the units. 

According to the San Miguel representative, the Ash Pond was last dredged in 2005 and a channel was 

dug through the sludge containing residual ash in the Sludge Basin approximately 2 years prior to 

CDM Smith’s site visit. Based on information provided by San Miguel, the Ash Pond contains bottom 

ash residuals from dewatering hydrobin liquids, and the Sludge Basin contains relatively small 

amount of bottom ash residuals as a result of transferring liquids between the two impoundments. 

Under emergency operating conditions limited amounts of fly ash may be discharged to the Ash Pond, 

therefore there may be some fly ash in the Ash Pond.  The pool area of the Ash Pond and Sludge Basin 

is approximately 30.5 and 26.5 acres, respectively. As previously mentioned the Plant is a zero liquid 

discharge facility, and neither impoundment includes an outfall.  

2.5 Principal Project Structures 

Principal structures of the Ash Pond include the following: 

 Two 12-inch-diameter polyvinyl chloride (PVC) pipes at the west embankment interior slope 

that discharge liquids from the bottom ash dewatering bins, 
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 Two 16-inch-diameter PVC pipes at the west embankment interior slope that discharge liquids 

from plant sumps, 

 One 12-inch-diameter steel pipe at the west embankment interior slope that discharges liquids 

from cooling tower blowdown, 

 One 6-inch-diameter steel pipe at the north interior embankment that discharges liquids from 

the cooling tower makeup, 

 One 6-inch-diameter high-density polyethylene (HDPE) pipe at the north interior embankment 

that discharges liquids from the water treatment sump, 

 One 6-inch-diameter HDPE pipe at the west interior embankment that discharges liquids from 

the Sludge Basin, 

 One 24-inch-diameter steel pipe at the west interior embankment that siphons water for reuse 

in plant processes, 

 Earthen perimeter embankments composed of clay fill with varying amounts of sand, and 

 A center embankment separating the Ash Pond into north and south sections with a 15-foot-

wide steel gate structure located at the eastern end of the center embankment.  

Principal structures of the Sludge Basin include the following: 

 One 8-inch-diameter HDPE pipe at the west embankment interior slope that discharges 

drainage from acid storage area, 

 One 6-inch-diameter HDPE pipe at the west embankment interior slope that discharges liquids 

from the SO2 scrubber, 

 One 8-inch-diameter HDPE pipe at the west embankment interior slope that discharges plant 

sewage, 

 One 12-inch-diameter HDPE pipe at the west embankment interior slope that discharges 

drainage from the adjacent electric substation,  

 One 12-inch-diameter steel or cast-iron pipe at the west embankment interior slope that 

discharges plant stormwater drainage,  

 One 6-inch-diameter HDPE pipe and pump at the south embankment interior slope that can 

transport liquids from the Sludge Basin to the Ash Pond, 

 One 6-inch-diameter HDPE pipe and pump at the west embankment interior slope that was not 

in service during the site assessment, and 

 Earthen perimeter embankments composed of clay fill with varying amounts of sand. 

2.6 Critical Infrastructure within Five Miles Downgradient 
Based on available topographic maps, surface drainage in the vicinity of the San Miguel Electric Plant 

appears to be to the northwest towards Souse Creek and La Parita Creek. Flow in these creeks 
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ultimately enters the Atascosa River, approximately 16.5 stream miles from the Plant. Critical 

infrastructure identified within five miles downgradient of the Plant includes overhead high voltage 

power lines. No schools, hospitals, waterways, roadways and bridges, and other major facilities were 

identified within five miles of the Plant site. Places of worship shown on Figure 2-1 are more than 5 

miles from the Plant and are not downgradient of the impoundments. 

Discharge from both impoundments would likely flow directly into the normally dry creeks located 

south of the Ash Pond and west of the Sludge Basin. The dry creeks adjacent to the Plant site discharge 

into La Parita Creek, approximately 4.2 stream miles from the Plant.  Flow in La Parita Creek 

ultimately enters the Atascosa River, approximately 16.5 stream miles from the Plant. High voltage 

power lines are located adjacent to both the Ash Pond and Sludge Basin, between the impoundment 

and creeks. 

Liquids discharged from a breach of the impoundment embankments would likely result in economic 

and environmental damage to Plant property, adjacent rural property, and adjacent creeks.  A breach 

of the impoundment embankments is not expected to result in loss of human life. 
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Section 3  

Summary of Relevant Reports, Permits and 

Incidents 

3.1 Summary of Reports on the Safety of the CCW 
Impoundments 
Inspection of the Ash Pond and Sludge Basin embankments was performed by Pape-Dawson 

Engineers, Inc. (PDE) in 2010. Documentation provided by San Miguel included an inspection report 

prepared by PDE dated February 1, 2010. The PDE report included inspection reports for the Ash 

Pond (referred to as the Ash Pond Center Dike and North Ash Pond, and South Ash Pond) and Sludge 

Basin (referred to as the Equalization Pond). The 2010 PDE report is included in Appendix D.  

Observations of the Ash Pond embankments documented in the 2010 PDE report include minor shore 

erosion, low spots along top of bank, and erosion rills on the center embankment. Wet spots were 

observed at the north section of the Ash Pond and PDE documented that no sediment load, ponding or 

flowing water was observed at the time of inspection.  PDE’s follow-up recommendations included 

monitoring areas of erosion and inspection of embankments after vegetation is cut back. 

Observations at the Sludge Basin included erosion rills on the interior slope of the pond, erosion at 

inlet pipe headwall, and water ponding along the southeast side of pond. PDE documented that water 

at the southeast side of the pond did not seem to come from the pond, and suggested monitoring to 

see if ponding dissipates. Follow-up recommendations included inspection of embankments after 

vegetation is cut back, and addressing erosion at the inlet pipe.   

The San Miguel representative indicated to his knowledge there have been no known structural or 

operational problems associated with the CCW impoundments, with the exception of seepage at the 

Ash Pond which resulted in reconstruction of the clay liner in 1987. This seepage is discussed in detail 

in Section 4. 

3.2 Summary of Local, State, and Federal Environment Permits 
Currently, the CCW impoundments are regulated by the Texas Commission on Environmental Quality 

(TCEQ).  

The San Miguel Electric Plant was issued a permit by TCEQ under the National Pollutant Discharge 

Elimination System (NPDES) which includes the Ash Pond and Sludge Basin, though these ponds do not 

discharge waste. The Permit allows transfer of liquids between the Ash Pond and Sludge Basin and for use 

in Plant processes, but states that there shall be no wastewater discharge from the Ash Pond and Sludge 

Basin. The Plant only discharges liquids from the coal pile runoff pond during heavy rainfall events under 

this permit. The permit, WQ00260100, was issued on June 10, 2010 and expires on May 1, 2015.  
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3.3 Summary of Spill/Release Incidents 
According to San Miguel representatives, no releases or spills have occurred at the Ash Pond and 

Sludge Basin. 
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Section 4   

Summary of History of Construction and Operation 

4.1 Summary of Construction History 
4.1.1 Impoundment Construction and Historical Information 
The San Miguel Electric Plant began operation in 1982. The 440 megawatt Plant is a lignite-based 

electric generating station. 

The Ash Pond and Sludge Basin were constructed between 1977 and 1978. Historical information on 

the Ash Pond and Sludge Basin available for review included construction drawings from 1977 when 

the current impoundments were constructed. Construction drawings and other documentation 

provided by San Miguel are included in Appendix D.  The 1977 drawings show an existing coal pile 

runoff pond to the west of the Ash Pond and water well storage pond west of the Sludge Basin. The 

current configurations and locations of the coal pile runoff pond and water well storage pond appear 

to be as shown on the 1977 drawings. Soil boring locations and subsurface soil profiles were provided 

as part of a letter from NFS/National Soil Services, Inc. dated September 25, 1978. Over 100 soil 

borings were performed across the Plant site. Boring location plans and soil boring logs that were 

provided by San Miguel are included in Appendix A. Based on the 1977 construction drawings, the Ash 

Pond and Sludge Basin embankments were constructed using clay fill material excavated on-site.  

The Ash Pond was constructed as a side-hill configuration using the natural terrain that slopes 

downward to the south. Original grade in the area of the north embankment ranged from El. 315 to 

305, requiring up to 10 feet of clay fill to construct to final crest El. 315. The west, south, and east 

embankments were constructed with up to 25 feet of clay, silty clay, and sandy clay fill. According to 

the 1977 drawings, the interior slopes and exterior slopes of the Ash Pond, including the center 

embankment were constructed at 2.5H:1V. The north embankment varies in height to approximately 

10 feet. Based on information provided by San Miguel and visual observations, the Ash Pond 

embankment crest is at El. 315 around the perimeter and along the center embankment, and the crest 

width varies from about 15 to 35 feet. 

The Sludge Basin was constructed by building embankments between 5 to 35 feet above natural 

grade. The type of fill material used during construction was not included in the documentation 

provided, though it was likely constructed with the same material as the Ash Pond as they were 

constructed at the same time. Based on recent soil borings performed within the Sludge Basin 

embankments, the fill material appears to consist of clay with varying amounts of sand. A water well 

storage pond was located just west of the Sludge Basin prior to construction, and the Sludge Basin 

shares its west embankment with the water well storage pond. According to the 1977 drawings, the 

interior slopes and exterior slopes were constructed at 3H:1V. Based on information provided by San 

Miguel and visual observations, the Sludge Basin embankment crest is at El. 295 around the perimeter, 

except at the adjacent embankment with the water well storage pond where the crest is at El. 305, and 

the crest width varies from about 15 to 20 feet. 
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4.1.2 Significant Changes/Modifications in Design since Original Construction 
According to San Miguel representatives, no significant changes or modifications to the design have 

been made since original construction. 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 
Major repairs/rehabilitation to the embankments included addressing seepage observed at the Ash 

Pond and documented by the Texas Department of Water Resources in 1983. Documentation that 

includes letter correspondence between TDWR, San Miguel, and San Miguel’s subconsultants discuss 

that seepage was reported by TDWR in 1983, the seepage was studied by Tippet & Gee, Inc. in 1984, 

and the embankment liner was reconstructed in 1987. Reconstruction included recompacting the top 

2 feet of embankment fill on all inside slopes of the Ash Pond to obtain a permeability of less than 

1x10-7 cm/sec. The reports and drawings documenting this liner reconstruction are included in 

Appendix D. 

4.2 Summary of Operational Procedures 
4.2.1 Original Operating Procedures 
The Ash Pond has historically been used as settling ponds for liquids received from bottom ash 

dewatering bins and other plant wastes. Waste water streams discharged into the Ash Pond have 

included: 

 Ash transport water 

 Liquid from bottom ash dewatering bins 

 Cooling tower blowdown and makeup 

 Boiler blowdown 

 Plant drain sumps 

 Coal pile runoff  

 Liquids from the Sludge Basin 

The Sludge Basin has historically been used to store sewage generated by the Plant and other plant 

wastes. Waste water streams discharged into the Sludge Basin have included: 

 Plant Sewage 

 Stormwater runoff 

 Emergency scrubber blowdown 

 Acid storage area drainage 

 Liquids from Ash Pond 

4.2.2 Significant Changes in Operational Procedures and Original Startup 
No significant changes in operational procedures had been made to the Ash Pond and Sludge Basin. 

There was no documentation provided that indicates different. 
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4.2.3 Current CCW Impoundment Configuration 
The Ash Pond and Sludge Basin are currently configured as previously described and as shown on 

Figure 2-3. The approximate crest elevations of the embankments and pond areas are shown on Table 

4-1 below. 

Table 4-1 – Approximate Crest Elevations and Surface Areas 

Ash Pond 
Approximate Crest Elevation 

(Feet) 
Approximate Pond Surface Area 

(Acres) 

Ash Water Transport Pond 315 30.5 

Sludge Disposal Basin 

Upper West Pond 

295 26.5 

Over the life of the impoundments, ash has been periodically excavated or dredged from the Ash Pond, 

and based on information provided, sludge was partially excavated from the Sludge Basin in 2010.    

Under normal operating conditions, liquids are discharged into the Ash Pond through several pipes 

located at the north and west embankment’s interior slopes. Liquids are siphoned from the Ash Pond 

through a 24-inch-diameter steel pipe and reused in Plant processes. 

Under normal operating conditions, liquids are discharged into the Sludge Basin through several inlet 

pipes on the west embankment interior slope. A pump and 6-inch-diameter HDPE outlet pipe is 

located at the southeast corner of the impoundment, which can transport liquids from the Sludge 

Basin to the Ash Pond, if needed. A 6-inch-diameter HDPE outlet and submersible pump that were not 

in service during the site assessment were located near the southwest corner of the Sludge Basin. 

4.2.4 Other Notable Events since Original Startup 
Based on furnished information, there are no other notable events since original startup of the Ash 

Pond and Sludge Basin to report at this time. 
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Section 5   

Field Observations 

5.1 Project Overview and Significant Findings (Visual 
Observations) 
CDM Smith performed visual assessments of the impoundments at the San Miguel Electric Plant site. 

Impoundments assessed included the Ash Water Transport Pond and Sludge Disposal Basin.  These 

impoundments, referred to as the Ash Pond and Sludge Basin, are located on the south and east ends 

of the site, respectively. The perimeter embankments of the Ash Pond are approximately 6,000 feet 

long, not including the 2,475-foot-long center embankment, and approximately 20 feet high. The 

perimeter embankments of the Sludge Basin are approximately 4,800 feet long and vary from 

approximately 24 to 34 feet high. The assessments were completed following the general procedures 

and considerations contained in Federal Emergency Management Agency’s (FEMA’s) Federal 

Guidelines for Dam Safety (April 2004) to make observations concerning settlement, movement, 

erosion, seepage, leakage, cracking, and deterioration. A Coal Combustion Dam Inspection Checklist 

and Coal Combustion Waste (CCW) Impoundment Inspection Form, developed by USEPA, was 

completed for each of the aforementioned impoundments. Copies of these forms are included in 

Appendix C. Photograph locations are shown on Figures 5-1A, 5-1B, 5-2A and 5-2B, and photographs 

are included in Appendix E. Photograph locations were logged using a handheld GPS device. The 

photograph coordinates are listed in Appendix E. 

CDM Smith visited the plant on August 30, 2012, to conduct visual assessments of the impoundments. 

The weather was generally sunny with daytime high temperatures up to 100 degrees Fahrenheit. The 

daily total precipitation prior to the site visit is shown in Table 5-1. The data were obtained from the 

National Oceanic and Atmospheric Administration (NOAA) at a site in Christine, Texas, approximately 

6 miles northwest of the Plant. 

Table 5-1 – Approximate Precipitation Prior to Site Visit 

Date of Site Visit – August 30, 2012 

Day Date 
Precipitation 

(inches) 

Monday August 29 0 

Sunday August 28 0 

Saturday August 27 0 

Friday August 26 0 

Thursday August 25 0.01 

Wednesday August 24 0 

Tuesday August 23 0 

Monday August 22 0 

Total (September 10 - 17, 2012) 0.01 

Total 
Month Prior to Site Visit (July 30 –

August 30, 2012) 
0.60 

Note: Precipitation data from NOAA.  Station Location: Christine, TX. Lat. 28.7861; Lon. -98.5215; EL. 341 ft. 
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5.2 Ash Pond 
At the time of the assessment, the Ash Pond contained ash and liquids with approximately 20 inches of 

freeboard. An overview of the photographs taken at the Ash Pond during the CDM Smith site 

assessment is included in Figure 5-1A and 5-1B. 

5.2.1 Crest 
The crest of the Ash Pond appeared to be in satisfactory condition (Photographs 1, 21, 46, 72 and 82). 

The center embankment separating the Ash Pond into north and south sections included a metal gate 

structure that is kept open during normal operating conditions (Photographs 7, 9, and 78). Areas 

showing signs of tension or desiccation cracks were observed on the crest near the southeast and 

southwest corners of the impoundment (Photograph 13). Animal burrows were observed on the crest 

near the southwest corner (Photograph 42). The 15 to 35-foot-wide crest of the embankment consists 

of compacted granular soils and gravel and is exposed to minimal vehicle traffic. Support poles for 

overhead power lines were located on the crest of the south embankment (Photograph 27). No 

depressions or evidence of settlement were observed on the crest.  

5.2.2 Interior Slopes 
Due to the water level in the Ash Pond during the assessment, only the upper 1.5 to 2 feet of the 

interior slopes was visible (Photographs 2, 22, 51, 66, and 86). Based on drawings, the interior slopes 

are 2.5H:1V. An area of erosion into the interior slope approximately 5 feet wide was observed on the 

east embankment (Photograph 15). Reportedly, this erosion was a result of leakage from a water well 

pipe traversing the Ash Pond embankment. The water well pipe had been repaired at the time of the 

site assessment. Minor slope erosion was observed on the east embankment interior slope 

(Photograph 3). Minor erosion rills were observed on the south embankment interior slopes 

(Photographs 23 through 26). Grass, approximately 18 inches in height, covered some portions of the 

interior slopes that were visible (Photographs 2, 33, 63, and 84). Visible portions of interior slopes did 

not include riprap or other armoring.  

Six inlet pipes are located on the interior slope of the west embankment: two 12-inch PVC, two 16-

inch-diameter PVC, one 12-inch-diameter steel, and one 6-inch-diameter PVC pipe (Photograph 54). 

Two inlet pipes are located on the interior slope of the north embankment: a 6-inch-diameter metal 

and 6-inch-diameter high-density polyethylene (HDPE) pipe (Photographs 71 and 74). The outlet pipe 

is located on the west embankment interior slope (Photograph 50). 

5.2.3 Exterior Slopes 
The Ash Pond includes exterior slopes on the west, south, and east embankments. The north side of 

the Ash Pond is incised (Photograph 67). The exterior slopes appear to be in fair condition 

(Photographs 11, 31, and 48). An area of potential seepage approximately 20 feet by 10 feet was 

located on the west embankment exterior slope (Photographs 56 through 60). The area included 

cattails and other vegetation varying from the surrounding vegetation, and the ground was damp. 

According to documentation provided by San Miguel, this area of potential seepage is in the vicinity of 

a location of documented seepage in the 1980’s. A berm approximately 10 feet wide adjacent to and 

about halfway up the south embankment exterior slope was observed (Photographs 40 and 41). Plant 

staff suggested this may have been constructed as a road embankment to access the pond during 

reconstruction of the clay liner in the 1980s or from cleanout operations. An animal burrow was 

observed on the east embankment exterior slope (Photograph 17). A few small trees and bushes with 

diameters less than 3 inches in diameter were observed on the exterior slopes at the southeast corner 
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(Photograph 16) and on the west embankment near the potential seepage area (Photograph 58). The 

exterior slopes are approximately 2.5H:1V and covered in grassy vegetation approximately 2 feet tall 

(Photographs 5, 19, and 52). The coal pile runoff pond is approximately 100 feet west of the west 

embankment exterior toe (Photograph 48).  

5.2.4 Outlet Structures 
The outlet structure consists of a 24-inch-diameter steel siphon pipe on the west embankment 

interior slope (Photographs 49 and 50). The steel pipe transports liquids to the pumps at the west 

embankment exterior toe, and the liquids are then pumped to the Plant for reuse in plant processes.  

5.3 Sludge Basin 
At the time of the assessment, the Sludge Basin contained sludge and liquids with approximately 8 feet 

of freeboard. An overview of the photographs taken at the Sludge Basin during the CDM Smith site 

assessment is included in Figure 5-2A and 5-2B. 

5.3.1 Crest 
The embankment crest of the Sludge Basin appeared to be in satisfactory condition (Photographs 94, 

106, 121, 137 and 145). The crest ranged from 15 to 20 feet wide. The crest of the embankment 

consists of a compacted gravel drive and grass.  The surface is exposed to minimal vehicle traffic. No 

depressions or evidence of settlement were observed on the crest.  

5.3.2 Interior Slopes 
Interior slopes appeared to be in fair condition (Photographs 97, 128, 138, and 147). Erosion rills 

were observed on the west embankment interior slope (Photographs 99 and 100). An area of either 

erosion or settling of fill material was observed below the headwall for the stormwater inlet on the 

west embankment interior slope (Photograph 102).  An area of erosion was observed near the outlet 

structure on the west embankment interior slope (Photograph 151). Based on construction drawings, 

the interior slopes are 3H:1V for all embankments, though slopes measured in the field ranged from 

2H:1V to 3H:1V. Grassy vegetation and small trees up to 3 inches in diameter were observed on the 

upper portion of the west, north, and east interior slopes (Photographs 103, 108, 117, and 138). 

Riprap in good condition, but with vegetation growing within was observed on the upper portion of 

the south embankment interior slope (Photograph 147).  

A 12-inch-diameter HDPE inlet pipe (Photographs 101 and 102), a 12-inch-diameter steel inlet pipe 

(Photograph 104), and an 8-inch-diameter HDPE inlet pipe (Photograph 109) were located on the 

west embankment interior slope. Reportedly, additional 6- and 8-inch-diameter inlet pipes discharge 

from the west embankment interior slope, though those inlets were not visible during the site 

assessment due to vegetation. Outlets were located on the west embankment interior slope 

(Photograph 93) and south embankment interior slope (Photograph (145). 

5.3.3 Exterior Slopes 
The exterior slopes appear to be in good condition and are covered with grassy vegetation 

approximately 2 feet high (Photographs 107, 122, 133, and 146). An animal burrow was observed on 

the south embankment exterior slope (Photograph 143). Based on construction drawings, the exterior 

slopes are 3H:1V for all embankments, though slopes measured in the field ranged from 3H:1V to 

3.5H:1V. The water well storage pond is located at the west embankment exterior slope (Photographs 
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106, 107, and 114). During the site assessment the water level in the water well storage pond was 

above the water level in the Sludge Basin.  

5.3.4 Outlet Structures 
Two outlets were observed at the Sludge Basin, one of which was not in service during the site 

assessment. A catwalk structure to a 6-inch-diameter HDPE outlet pipe and submersible pump that 

was not in service during the site assessment is located on the west embankment interior slope 

(Photograph 93). A 6-inch-diameter HDPE outlet pipe was located on the south embankment interior 

slope (Photograph (145). Liquids are pumped from the Sludge Basin, via the two outlet pipes, to the 

Ash Water Transport Pond for recycling of the water.  
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Section 6   

Hydrologic/Hydraulic Safety 

6.1 Impoundment Hydraulic Analysis 
Because they are off-channel impoundments, coal combustion waste impoundments are not classified 

as dams by the TCEQ. TCEQ regulates coal combustion waste impoundments as industrial waste 

impoundments and provides recommendations for construction, operation, and maintenance of all 

nonhazardous surface impoundments in “Technical Guideline No. 4, Topic: Nonhazardous Industrial 

Solid Waste Surface Impoundments”, dated June 12, 2009. Hydrologic/hydraulic recommendations 

include surface water diversion dikes with a minimum height equal to two (2) feet above the 100-year 

flood water elevation should be constructed around the impoundment for industrial solid waste 

surface impoundments located within the 100-year flood plain. Industrial solid waste impoundments 

located above the 100-year flood water elevation should include surface water diversion dikes that 

are, at a minimum, capable of diverting all rainfall runoff from a 24-hour, 25-year storm. 

 FEMA standards, as specified in “Federal Guidelines for Dam Safety” dated April 2004, require 

impoundments to have the capacity to store some percentage of the Probable Maximum Precipitation 

(PMP) for a 6-hour storm event over a 10-square-mile area in the vicinity of the site. FEMA 

recommends that dams with a low hazard potential should be designed for a flood having an average 

return frequency of no less than once in 100 years. Significant hazard structures are required to store 

50% PMP.  

The drainage area contributing to the Ash Pond appears to be limited to the storage area within the 

impoundment and the coal pile, an additional area of approximately 15 acres.   The Sludge Basin 

receives plant stormwater runoff; however San Miguel did not provide details of the plant stormwater 

collection system.  The Ash Pond includes a center embankment that separates the pond into north 

and south sections with a connecting gated channel that can be closed to isolate either pond.            

Documentation provided by San Miguel did not include any hydrologic or hydraulic information on 

the Ash Pond or Sludge Basin.   

6.2 Adequacy of Supporting Technical Documentation 
No hydrologic or hydraulic documentation was available. 

6.3 Assessment of Hydrologic/Hydraulic Safety 
Due to inadequate information, the Ash Pond and Sludge Basin are rated as poor for hydrologic/ 

hydraulic safety.  
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Section 7  

Structural Stability 

7.1 Supporting Technical Documentation 
The available information regarding slope stability of the Ash Pond and Sludge Basin consists of a 

report titled “Geotechnical Engineering Study, Ash Water Transport Pond and Equalization Pond 

Stability Analyses, San Miguel Electric Cooperative, Christine, Texas”, prepared by Arias & Associates, 

Inc., (Arias) and dated November 19, 2012. The 2012 Arias report is included as Appendix B. 

The report includes subsurface soil and groundwater conditions, and results of global stability 

calculations to assess short-term, long-term and seismic stability of the embankments at the Ash Pond 

and Sludge Basin (referred to as the Equalization Pond by Arias), as well as an assessment of the 

liquefaction potential of the underlying foundation soils. 

7.1.1 Stability Analyses and Load Cases 
TCEQ recommendations related to embankment stability of coal ash impoundments are included in 

“Technical Guideline No. 4, Topic: Nonhazardous Industrial Solid Waste Surface Impoundments”, 

dated June 12, 2009. TCEQ’s Technical Guideline No. 4 recommends all permanent earthen dikes that 

are used to retain waste or waste waters above ground level should have a top width of at least eight 

(8) feet and side slopes that are not steeper than one (1) foot vertical to three (3) feet horizontal. 

TCEQ’s recommended minimum factor of safety against dike slope failure is 1.4. In situations where a 

backup system is not used for potential catastrophic failure of the dikes, TCEQ recommends a 

minimum factor of safety of 1.5. 

Procedures established by the United States Army Corps of Engineers (USACE), the United States 

Bureau of Reclamation, the Federal Energy Regulatory Commission, and the Natural Resources 

Conservation Service are generally accepted engineering practice. Minimum required factors of safety 

outlined by the USACE in EM 1110-2-1902, Table 3-1 and seismic factors of safety by FEMA Federal 

Guidelines for Dam Safety, Earthquake Analyses and Design of Dams (pgs. 31, 32 and 38, May 2005) 

are provided in Table 7-1. 

Table 7-1  - Recommended Minimum Safety Factors   

Load Case 

Minimum 
Required Factor 

of Safety 

USACE 

Steady-State Condition at Normal Pool or Maximum Storage Pool Elevation 1.5 

Rapid Drawdown Condition from Normal Pool Elevation 1.3 

Maximum Surcharge Pool (Flood) Condition 1.4 

Seismic Condition at Normal Pool Elevation 1.1 

Liquefaction 1.3 
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Arias performed slope stability analyses for the Ash Pond west embankment (Section A-A) and south 

embankment (Sections B-B and C-C), and for the Sludge Basin at the southeast corner (Section D-D) 

and north embankment (Section E-E). Slope stability analyses included steady-state seepage 

conditions using drained soil parameters, maximum surcharge pool using undrained soil parameters, 

and seismic conditions using undrained soil parameters. Seismic design parameters used in the 

seismic slope stability analyses included the mapped spectral response acceleration for an earthquake 

with 2% probability of exceedance in 50 years (0.13g) applied as a horizontal seismic load. Slope 

stability of the embankments’ interior and exterior slopes was analyzed for each of the three 

conditions. 

According to the 2012 Arias report, rapid drawdown load conditions were not analyzed for slope 

stability because the impoundments do not include spillways or discharge structures and water levels 

are lowered only by pumping water over the embankments. In addition, rapid drawdown would only 

occur if a failure of the embankments had already taken place. According to information provided by 

Arias, slope stability analyses for liquefaction conditions were not performed because liquefaction is 

very unlikely at the site due to the subsurface conditions and low seismic hazard level at the Plant site.  

7.1.2 Design Parameters and Dam Materials  
Arias was provided with available original geotechnical information for the Ash Pond and Sludge 

Basin. Embankment cross-sections analyzed by Arias were provided by San Miguel based upon ground 

surveys and bathymetric measurements performed specifically for Arias’ analyses. Arias performed 

test soil borings at the Ash Pond and Sludge Basin embankment crest and toe. Seven borings were 

performed at the Ash Pond and ten were performed at the Sludge Basin. Soil and groundwater 

information obtained from these test borings was used in Arias’ slope stability analyses. The soil 

properties and strength parameters used in Arias’ slope stability analyses are included in Table 7-2. 

Table 7-2 - Soil Parameters Used in Arias’ Slope Stability Analyses 

Source: Arias & Associates, Inc. October 22, 2012 report, “Geotechnical Engineering Study, Ash Water Transport 

Pond and Equalization Pond Stability Analyses, San Miguel Electric Cooperative, Christine, Texas”. 

According to the Arias report, strength parameters for the Stratum I and Stratum II were selected as 

the average strength from consolidated undrained triaxial compression tests, and other soil strengths 
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used in the analyses were determined from Standard Penetration Test results, pocket penetrometer 

results, and experience with similar soils. 

7.1.3 Uplift and/or Phreatic Surface Assumptions 
According to the 2012 Arias report, phreatic surfaces were calculated using GeoSlope SEEP/W version 

7.17. Pool levels of El. 311 and 290 within the Ash Pond and Sludge Basin, respectively, and 

groundwater levels at ground surface at the exterior toe of the embankment were used for the steady-

state seepage and seismic slope stability analyses. A maximum surcharge pool elevation of 314.5 and 

293.5 was used for the Ash Pond and Sludge Basin, respectively for the maximum surcharge pool 

slope stability analyses. According to the 2012 Arias report, the estimated phreatic surfaces were 

higher in elevation than those measured by the water level readings in the soil borings. Therefore, the 

phreatic surfaces in their analyses are considered to represent worst-case conditions when the 

impoundments are full and there has been a period of prolonged rainfall.  

At the Ash Pond’s west embankment, in the area where seepage was observed during CDM Smith’s 

August 2012 site assessment, Arias modified the phreatic surface in accordance with their observation 

of seepage emerging at the embankment toe to model the seepage in the stability analyses. 

7.1.4 Factors of Safety and Base Stresses 
A summary of safety factors computed for the different cases of the Ash Pond (Sections A-A, B-B, and 

C-C) and Sludge Basin (Sections D-D and E-E) is included in Table 7-3.  

Table 7-3  - Safety Factors Computed for Various Stability Conditions  

Load Case 
Ash Water Pond Sludge Basin Minimum 

Required Factor 
of Safety A-A B-B C-C D-D E-E 

Steady-State Condition 
at Normal Pool 

2.2 1.9 1.7 2.2 2.1 1.5 

Maximum Surcharge 
Pool (Flood) Condition 

2.1 1.8 1.6 2.2 2.1 1.4 

Seismic Condition at 
Normal Pool Elevation 

1.5 1.2 1.2 1.5 1.4 1.1 

Source: Arias & Associates, Inc. October 22, 2012 report, “Geotechnical Engineering Study, Ash Water Transport 
Pond and Equalization Pond Stability Analyses, San Miguel Electric Cooperative, Christine, Texas”. 

 

7.1.5 Liquefaction Potential 
According to information provided by Arias, liquefaction is very unlikely at the site due to the 

subsurface soil and groundwater conditions, and seismic conditions at the Plant site. As reported by 

Arias, there is less than a 6% chance of an earthquake with magnitude of 5.0 or greater in 250 years, 

corresponding to an approximate peak ground acceleration of 0.09g. According the 2012 Arais report, 

the site is not located in a seismic impact zone and does not require specific analyses for liquefaction 

because the EPA identifies a seismic zone where the probability of an earthquake creating a peak 

ground acceleration of greater than 0.1g is greater than 10% over a 250-year period. And because 

loose sands or silts, which were above the groundwater table, were encountered in only one of the test 

borings performed at the site, the potential for liquefaction is considered very unlikely. 
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7.1.6 Critical Geological Conditions 
According to the Quaternary Geologic Map of the Austin 4 x 6 Quadrangle published by the United 

States Geological Survey, geology in the area of the Plant consists of clay, sandy clay, and fine sand, 

with lower layers containing fragments of coal and sandstone interbedded with shale. According to 

the United States Department of Agriculture, surface soils in the area are comprised of clay, clay loam, 

and sandy clay loam. 

Based on geographic location and the 2008 USGS National Seismic Hazard Map, Peak Ground 

Acceleration (PGA) for 2% probability of exceedance in 50 years is approximately 0.13g. 

7.2 Adequacy of Supporting Technical Documentation 
Structural stability documentation appears to be adequate. Supporting data and documentation for 

the Ash Pond and Sludge Basin includes required structural stability analyses for normal operating 

pool, steady state conditions; maximum surcharge pool condition, and normal operating pool under 

seismic loading conditions.  An assessment of liquefaction potential was also provided, with the 

conclusion that liquefaction is considered to be very unlikely based on existing subsurface soil 

conditions and the stated 6% chance of a seismic event of a magnitude 5.0 or greater occurring over a 

250-year-period.  Technical documentation of the embankment stability under a rapid drawdown 

loading condition was not provided because rapid drawdown conditions were considered only likely 

in the event of a breach.  CDM Smith agrees with the rationale provided regarding embankment 

stability, liquefaction potential, and rapid drawdown conditions.  

7.3 Assessment of Structural Stability 
Existing conditions and visual observations yield a satisfactory rating for structural stability of both 

the Ash Pond and Sludge Basin based on the following: 

 Stability analyses of the Ash Pond and Sludge Basin embankments are adequate.  

 The potential for liquefaction is unlikely based on assessment of the subsurface soil conditions 

and the low seismic hazard level at the Plant site. 

 Water observed in the area of the potential seepage was clear, and there was no observed slope 

movement or slope instability noted during the visual assessment of the embankment.     

During CDM Smith’s visual observations and site assessments of the Ash Pond, the water level in the 

impoundment prevented observation of the interior slopes, and areas of minor erosion were observed 

at the Ash Pond and Sludge Basin.  

Based on the review of the stability analyses and visual observations made during the site visit, CDM 

Smith considers the condition rating to be SATISFACTORY for structural stability of the Ash Pond and 

Sludge Basin embankments.  
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Section 8  

Adequacy of Maintenance and Methods of 

Operation 

8.1 Operating Procedures 
During normal operating procedures, the Ash Pond receives liquids from the bottom ash dewatering 

bins, cooling tower, and plant sumps. The Ash Pond includes a center embankment that separates the 

pond into north and south sections with a connecting channel with a gate that can be closed to isolate 

either pond. The gate is generally only closed to isolate the north or south pond for ash removal. The 

liquids from the ash dewatering bins are discharged at the west embankment interior slope into the 

north section of the Ash Pond. Liquids flow to the east toward the open gate structure within the 

center embankment into the south section of the Ash Pond. Liquids are siphoned from the south 

section of the Ash Pond at the west embankment interior slope. Floating skimmers were observed in 

both the north and south sections of the Ash Pond. Settled solids are periodically dredged or 

excavated from the Ash Pond. According to San Miguel representatives, the target pool level in the Ash 

Pond is at least 18 inches of freeboard.  

During normal operating procedures, the Sludge Basin receives liquids from stormwater runoff and 

plant sewage. Liquids are discharged into the Sludge Basin at the west embankment interior slope. 

When needed, liquids are pumped from the Sludge Basin through an outlet pipe at the interior slope 

near the southeast corner. Liquids can be transferred to the Ash Pond for reuse in Plant processes. 

According to San Miguel representatives, the target pool level in the Sludge Basin is at least 18 inches 

of freeboard. 

The Plant is a zero-liquid-discharge facility, and all of the liquids in the Ash Pond and Sludge Basin are 

recycled and used in Plant processes. 

8.2 Maintenance of the Dam and Project Facilities 
A San Miguel representative indicated during the site assessment that visual inspections are 

performed for both the Ash Pond and Sludge Basin once a week when water level readings are 

measured. Documentation of the inspections includes a checklist report. Weekly checklist reports 

completed for the month of August 2012 are included in Appendix D. 

The only regular maintenance operations include very infrequent mowing of embankments adjacent 

to the Ash Pond and Sludge Basin. 

8.3 Assessment of Maintenance and Methods of Operations 
8.3.1 Adequacy of Operating Procedures 
Based on CDM Smith’s visual observations and review of documents provided by San Miguel, 

operating procedures appear to be generally adequate for the impoundments. There is no readily 

available indication that suggests that the Ash Pond and Sludge Basin primary purposes are not being 

accomplished.   
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8.3.2 Adequacy of Maintenance 
Maintenance issues at the Ash Pond included an area of erosion at the east embankment interior 

slope, an area of potential seepage at the west embankment exterior slope, an animal burrow at the 

east embankment exterior slope, small areas of trees on the exterior slopes, tension cracks and 

erosion holes in the crest, and erosion rills at the south embankment interior slope.  

Maintenance issues on the west embankment interior slope of the Sludge Basin included trees and 

vegetation, areas of erosion at the stormwater inlet, erosion rills, and erosion near the outlet 

structure. An animal burrow was observed at the south embankment exterior slope. 

A maintenance schedule and maintenance procedures should be developed to address these issues.  
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Section 9   

Adequacy of Surveillance and Monitoring Program 

9.1 Surveillance Procedures 
The surveillance procedures include the management of water levels and checking for leaks or other 

deficiencies at each of the impoundments. Ash Pond and Sludge Basin water levels are measured and 

recorded six times daily by the operations department. Water levels are measured from a reference 

level at 18 inches of freeboard at each impoundment. Documentation of the water levels includes 

completion of a checklist report, performed once a week by the Plant Environmental Engineer.  The 

checklist report documents impoundment water levels and whether leaks or other deficiencies were 

observed in each impoundment. Checklists from August 2012 are included in Appendix D. 

Inspection of the Ash Pond and Sludge Basin embankments was performed by Pape-Dawson 

Engineers, Inc. (PDE) in 2010. Documentation provided by San Miguel included an inspection report 

prepared by PDE dated February 1, 2010. The PDE report included inspection reports for the Ash 

Pond (referred to as the Ash Pond Center Dike and North Ash Pond, and South Ash Pond) and Sludge 

Basin (referred to as the Equalization Pond). The 2010 PDE report is included in Appendix D. 

Observations of the Ash Pond embankments documented in the 2010 PDE report include minor shore 

erosion, low spots along top of bank, erosion rills on the center embankment, and seepage at the 

northeast corner of the Ash Pond. Observations at the Sludge Basin included erosion at inlet pipe 

headwall and water ponding along the southeast side of pond. Follow-up recommendations included 

monitoring areas of erosion and inspection of embankments after vegetation was cut back in both the 

Ash Pond and Sludge Basin and addressing erosion at inlet pipe at Sludge Basin. 

9.2 Instrumentation Monitoring 
The Ash Pond and Sludge Basin do not include any instrumentation monitoring. As previously 

mentioned, water levels are measured manually once a week. 

The Ash Pond and Sludge Basin embankments do not have an instrumentation monitoring system to 

monitor structural stability, seepage, or ground displacement. 

9.3 Assessment of Surveillance and Monitoring Program 
9.3.1 Adequacy of Inspection Programs 
The San Miguel surveillance program for the Sludge Basin is judged adequate. The San Miguel 

surveillance program for the Ash Pond is judged inadequate, based on the erosion of the Ash Pond’s 

east embankment interior slope caused by leakage from a water well pipe traversing the Ash Pond 

embankment.  Accordingly, the surveillance and monitoring program should be revised to include 

more-detailed inspections.  Additionally, the area of potential seepage at the west embankment 

exterior slope of the Ash Pond should be investigated and monitored. 

9.3.2 Adequacy of Instrumentation Monitoring Program 
The San Miguel surveillance program for the Ash Pond and Sludge Basin is inadequate. As mentioned 

above, instrumentation is not present within the Ash Pond and Sludge Basin embankments. 
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Detrimental conditions or indications for potential failure of embankments were not observed at the 

Ash Pond or Sludge Basin. Minor issues at the Ash Pond included the area of potential seepage at the 

west embankment and erosion in the east embankment interior slope. The area of potential seepage at 

the west embankment exterior slope of the Ash Pond should be investigated and monitored.   
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Section 10   

Reports and References 

The following is a list of reports and drawings that were provided by San Miguel Electric Cooperative, 

Inc. and were used during the preparation of this report and the development of the conclusions and 

recommendations presented herein.  

1. San Miguel Plan Unit No. 1 Construction Drawings – Sheets 1-C-1-C, 1-C-33, 1-C-37, 1-C-40, 1-C-41, 

1-C-42, C-6, and C-12, dated 1977. 

2. Miscellaneous correspondence from San Miguel Electric Cooperative, Inc., Texas Department of 

Water Resources, NFS/National Soil Services, Inc., and Tippet & Gee, Inc. regarding Ash Water 

Transport Pond seepage, dated 1978 to 1983. 

3. Miscellaneous correspondence from San Miguel Electric Cooperative, Inc. and Professional Service 

Industries, Inc regarding Ash Water Transport Pond clay liner reconstruction, dated 1987.  

4. Pape-Dawson Engineer, Inc. 2009 Embankments Inspections letter, dated February 1, 2010. 

5. Weekly Facility Inspection Reports for August 3, 2012, August 10, 2012, August 17, 2012, and 

August 24, 2012. 

6. Pond Inlet Piping and Elevations table. 

7. Arias & Associates, Inc. Geotechnical Engineering Study, Ash Water Transport Pond and 

Equalization Pond Stability Analyses, San Miguel Electric Cooperative, Christine, Texas, dated 

October 22, 2012.  
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SECTION I: SYNOPSIS 
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����%� (��!� �!�� ��!� E�����
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Table 1: Project Description

Project: ��!�E�����������	���5	�%����%�4)#���'���	��
5	�%�

Project Location:
+���7�$#���4��
���
�2		���������

2!�������
���-���

Development:

�(	���!�E�����������	���5	�%��
F�
>?��"��� �����"����
!G�
/���4)#���'���	��5	�%�

F����	-���
����"��� �@���"�G�

Dike Geometry: 

Ash Water Transport Ponds 
��"���	�=��"��!�$!�

���C��	��B�+�%��+�	����
Equalization Basin

��"���	����"��!�$!�
=��C��	��B�+�%��+�	����

Pond Fill Elevation:
Ash Water Transport Ponds – 4���=���"�

Equalization Pond – 4�������"�

Impoundment Material Used in Analysis:
Ash Water Transport Ponds – E����

Equalization Pond - E����

Table 2: Existing Conditions at Time of Geotechnical Study

Ground Cover: ;�����(��!���"�(���������������%��#�!���

Predominant Soil Types: 

6���H���#����6���23�:�F2CG�
6���H���#����3����23�:�F23G�

+��% �3����23�:�F23G�
+��� �6����+��0�F+7G�

Average Plasticity Index (PI) of Upper Clays
(Natural and Fills):

>��F.��$���������G�

Groundwater Depth Measured: 
7����#�9���@�"��F�	������G�
7�-��#�9�=?���"��F2����G�
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Table 3: Computed Global Stability Factors of Safety

Stability
Case

Ash Water Transport Ponds Equalization Pond

Section
A-A 

Section
B-B 

Section
C-C 

Section
D-D 

Section
E-E 

Normal 
Operating Pool

Steady State 
Seepage

(long-term)

���� ���� ��?� ���� ����

Maximum 
Surcharge Pool

Undrained
(short-term)

���� ��@� ���� ���� ����

Normal 
Operating Pool

Undrained
(Seismic) 

���� ���� ���� ���� ��>�

Notes
��� 6�
�	��	"�+�"�� �$��������!�������"	��+���% �+�����+����$����%�1�%�����%�
	�%���	������
	���%���%��	����

�%�)#�����

��� 6�
�	��	"�+�"�� �$��������!�������"	��+�����
�
	�%���	������
	���%���%��	�����%�)#�����

=�� +#���� �	"��������� ��#�����������%���������%�-�6�
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The Ash Water Transport Ponds and Equalization Pond are located at the San Miguel 
Electric Cooperative near Christine, Texas.  A Site Vicinity Map is provided in Appendix A.   
Representative site photographs that include each of the boring locations in this subsurface 
investigation are provided in Appendix B of this report.   

Portions of the ponds were constructed by cutting into existing grades while other portions 
were constructed with filled slopes using the existing cut materials to maximum embankment 
heights ranging from 22 feet (Equalization Pond) to 31 feet (Ash Water Transport Ponds).  

An EPA consultant recently visited the site and requested that slope stability analyses of the 
existing Ash Water Transport Ponds and Equalization Pond be performed to document 
estimated current factors of safety against slope stability failures. We were provided with the 
available original geotechnical information in the pond areas and other available 
documentation.  

It is our understanding that the Ash Water Transport Ponds experienced some seepage 
issues in the 1980’s and were subsequently reconstructed.  Since that reconstruction, these 
ponds have been performing adequately with only a minor seepage issue apparent near the 
northeast corner of Ash Water Transport Pond A. This minor seepage area was modeled as 
Section A-A for stability.

�������	

The earth materials underling the project site have been regionally mapped as within the 
undivided Manning, Wellborn and Caddell Formations (Emwc) mapped to be within the 
Eocene Epoch of the Tertiary Period of the Geologic Time Scale. 

Locally, the materials encountered in the test borings consist primarily of man-made fill soils, 
natural surface and alluvial soils and the much older Eocene deposits. The man-made fill 
soils were encountered in all of the embankment borings and two of the toe of slope borings 
and varied from approximately 4 to 28 ft thick. The fill soils are comprised of clays, sandy 
clays, gravelly clays with some lignite material and sand pockets and are in a stiff to hard 
condition. The fill also contained gypsum material and had a distinct multicolored mottling. 

The upper native soils consisted of approximately 3 to 18 ft of clays, sandy clays and fine 
sands in a stiff to hard and medium dense condition. The underlying Eocene deposits are 
comprised of clays, sandy clays, clayey sands, siltstones and sandstones with occasional 
thin seams of lignite in a very stiff to very hard or very dense condition. Due to weathering 
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and lack of cementation within these materials, from a geotechnical perspective, they should 
be considered as having soil-like characteristics. 

No faults are known to cross through the project area and, from a geologic perspective, 
future tectonic activity in this geographic area should pose minimal seismic risk to the 
disposal ponds and basin. 

����	��
����	���	����
���
�	�����	

Seventeen (17) soil test borings were drilled at the approximate locations shown on the 
Boring Location Plan provided in Appendix C.  The borings were drilled at the crest and toe 
of the dikes to depths of 20 to 64.3 feet.  The subsurface investigation was conducted 
between September 19 and September 26, 2012. The boring depths were measured from 
below the existing ground surface elevation.  Soil interpreted to be clay in the field was 
sampled by either pushing a thin-walled tube (ASTM D 1587) or with a split barrel sampler 
while performing the Standard Penetration Test (ASTM D 1586).  Soil interpreted to be sand 
or gravel in the field was sampled with a split barrel sampler just described.

A truck-mounted drill rig using continuous flight augers together with the sampling tool noted 
was used to secure the subsurface soil samples. Soil classifications and borehole logging 
were conducted during the exploration by our Engineering Geologist under supervision of our 
Geotechnical Engineer.  Final soil classifications, as seen on the attached boring logs 
(Appendix C), were determined in the laboratory based on laboratory and field test results 
and applicable ASTM procedures.  

As a supplement to the field exploration, laboratory testing to determine soil water content, 
Atterberg Limits, unconfined compressive strength using a pocket penetrometer, and percent 
passing the US Standard No. 200 sieve, was conducted.  In addition, selected samples of 
both the natural and compacted clays were tested for strength using a multistage triaxial 
compression test with isotropic consolidation and with effective consolidation pressures 
selected to mimic the approximate range in expected insitu stresses. The laboratory results 
are reported in the attached boring logs included in Appendix C.  A key to the terms and 
symbols used on the logs is also included in Appendix D.  The soil laboratory testing for this 
project was done in accordance applicable ASTM procedures with the specifications and 
definitions for these tests listed in the Appendix E.   

Remaining soil samples recovered from this exploration will be routinely discarded following 
submittal of this report. 
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Generalized stratigraphy and groundwater conditions are discussed in the following sections.  
The subsurface and groundwater conditions are based on conditions encountered at the 
boring locations to the depths explored. 

����	������������	� !	� �� ���� �	��"������#	

The generalized subsurface stratigraphy encountered at this site is summarized in the table 
below. 

��$%�	&
		�� ���%�'�!	�"�%	�" !���" #	

�����()	 �����	
*+�,	 �������%	����	 ��	

�� ��	
�"-	
.//	


� ��	

�"01��	
�� -	
*�#+,	

�	
�� ��	

�	
0
to

(3-28)

����
 Brown to Dark Brown and
Gray to Dark Gray, ���	����	
*�2,, ���	����	*�2,	3���	

�� !, ��� 	����	*��,, ��� 	
����	*��,	3���	�� !, ���4�%%�	

���	����	*�2,,
stiff to hard

23 - 59 - 1.25 - 9.0 13 - 29

��	
(0 - 28)

to
(12 – 52)

Brown to Dark Brown and Gray, 
�%����	����	*��,, ���	����	
*�2,, �� !�	���	����	*�2,,
�� !�	��� 	����	*��,, ��� 	
����	*��,, ��� 	����	*��,	

3���	�� !,
stiff to hard and medium dense 
to very dense, some of these 

soils are Eocene Age deposits

12 - 92
13
to
52

0.75 – 5.75 9 – 100+

���	 Below
(0-52)

Gray and Brown, ��%��	����	
*��,, �� !�	����	*��,, �� !�	
���	����	*�2,, �� !�	��� 	

����	*��,, �%����	����	*��,,
���	����	*�2,, very stiff to hard 
and loose to very dense, some 
alluvial soils but mostly Eocene 

Age deposits

1 - 66
13
to
56

- 8 – 100+

5����
	Depth - Depth from existing ground surface at the time of geotechnical study, feet 
PI - Plasticity Index, % 

 No. 200 - Percent passing #200 sieve, % 
 Pocket Pen -  Pocket Penetrometer reading (tons/ft2) 
 N - Standard Penetration Test (SPT) value, blows per foot 

��"( !3����	

A dry soil sampling method was used to obtain the soil samples at the project site.  
Groundwater was observed within the soil borings during the soil sampling activities. Each 
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boring was then left open for a minimum of 24 hrs in order to obtain a delayed groundwater 
reading. The delayed groundwater levels were encountered as shallow as 1.8 ft below 
ground surface in the location of the toe of the embankments and as deep as 37.5 ft below 
ground surface in the location of the crest of the embankments. Groundwater levels should 
be expected to change over time in response to climatic conditions and to the amount of 
water impounded in the Ash Water Transport Ponds and Equalization Pond. 

For the purpose of the stability calculations performed herein, the groundwater has been 
assumed to be at ground surface near the toe of the embankments. The normal operating 
pool elevations in the Ash Water Transport Ponds and Equalization Pond have been
assumed to be 311 ft and 290 ft, respectively. The maximum surcharge pool elevations in 
the Ash Water Transport Ponds and Equalization Pond have been assumed to be 314.5 ft. 
and 293.5 ft. respectively.  The phreatic surface in the embankment sections B-B, C-C, D-D, 
and E-E were estimated using SEEP/W version 7.17, by GeoSlope using the boundary 
conditions just described and estimated soil permeabilities based upon experience with 
similar soils. In each case, these estimated phreatic surface elevations were higher in 
elevation than those measured by the delayed water level readings in the borings. As such, 
the phreatic surfaces in these analyses are considered to represent worst case conditions for
the Ash Water Transport Ponds and Equalization Pond. The phreatic surface in the 
embankment section A-A was taken directly from the observed groundwater levels in the 
corresponding borings and modified in accordance with the direct observation of seepage 
emerging at the toe of the upper slope. 

After obtaining samples and final groundwater measurements, the bore holes were backfilled 
with a mixture of cement grout and bentonite pellets sealed with a cement cap at the surface. 

���	����	�%�##�+�0���" 	� !	���#)�0	��#�� 	�"�++�0�� �#	

Section 1613 of the International Building Code (2009) requires that every structure be 
designed and constructed to resist the effects of earthquake motions, with the seismic design 
category to be determined in accordance with Section 1613 or ASCE 7. Site classification 
according to the International Building Code (2009) is based on the soil profile encountered 
to 100-foot depth.  The stratigraphy at the site location was explored to a maximum 64.3-foot 
depth.   

Clayey and Sandy soils and Eocene aged deposits having similar consistency were 
extrapolated to be present between 64.3 and 100-foot depths.  On the basis of the site class 
definitions included in Table 1613.5.2 and 1613.5.5 of the 2009 Code and the encountered 
generalized stratigraphy, we characterize the site as Site Class C. 

Seismic design coefficients were determined using the on-line software, Seismic Hazard 
Curves and Uniform Response Spectra, version 5.1.0, dated February 10, 2011 accessed at 
(http://earthquake.usgs.gov/hazards/designmaps/javacalc.php). Analyses were performed 
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considering the 2009 International Building Code.  Input included zip code 78012 and Site 
Class C.  Seismic design parameters for the site are summarized in the following table. 

��$%�	6
		���#)�0	��#�� 	����)����#	

����	�%�##�+�0���" 	 ��	 �4	 �#	 �7	
C 1.2 1.7 0.130g 0.026g

5����
 Fa = Site coefficient 
Fv = Site coefficient 
Ss = Mapped spectral response acceleration for short periods 
S1 = Mapped spectral response acceleration for a 1-second period 

�����	���������	������������	

Slope stability calculations were performed considering the interpreted stratigraphy at the 
explored boring locations for each of the five cross sections analyzed. These cross sections 
are shown in the Boring Location Plan in the Appendix C.  Cross sections A-A, B-B and C-C
were cut through the southernmost Ash Water Transport Pond and cross sections D-D and 
E-E were cut through the Equalization Pond. Strength parameters for the compacted clay 
soils in Strata I and the natural clay soils in Strata II were selected as the average strength 
from the three multistage consolidated undrained triaxial compression tests previously 
described. The other soil strengths used in these analyses were determined from the results 
of the Standard Penetration Tests, pocket penetrometer results and experience with similar 
soils. In each case, these estimated strengths are considered to be conservative.  

The embankment cross sections analyzed were provided by the San Miguel Electric 
Cooperative based upon ground surveys and bathymetric measurements performed 
specifically for this project.  The surveys indicate that the current geometry is similar to the 
original design geometry. These slope stability analyses were performed by Mr. Glen 
Andersen, Sc.D., P.E., acting as a subcontract employee to ARIAS.
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�����()	
�"�%	��"+�%�	

9" �	
�������%	 � ��	5�����	 ���� ���	�( 0��" 	

I

All Fill Soils 

Above Natural 

Grade

Fat CLAY (CH), Lean CLAY (CL) 112 pcf

�"��%	����##	
cu = 216 psf
� = 17.2o

�++�0��4�	����##	
c’ = 288 psf
� = 20.3o

IIa

Natural Soils 

Above Silty 

Sands

Fat CLAY (CH), Lean CLAY (CL) 112 pcf

�"��%	����##	
cu = 216 psf
� = 17.2o

�++�0��4�	����##	
c’ = 288 psf
� = 20.3o

IIb

Natural Soils 

Above Silty 

Sands

Sandy Lean CLAY (CL), Clayey 

SAND (SC)
120 pcf

�"��%	����##	
cu = 1000 psf, � = 0o

�++�0��4�	����##	
c’ = 200 psf, � = 24o

III Silty Sands
Silty SAND (SM), Sandy SILT 

(ML)
120 pcf

�"!�%	� %�	5���
�++�0��4�	����##	
c’ = 0 psf, � = 30o

Note: 
1. No soils below the Strata III Silty Sands were modeled in these seepage and stability analyses 
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���$�%���	
��������	

�""%	
�%�4���" 	

*+�,	

��0��" 	
� �%�'�!	

�")�(��!	
��0�"�	"+	
��+���	

�� �)()	
��0�"�	"+	
��+���	

�"))� �#	

Normal 
Operating Pool 
Steady State 

Seepage
Long-Term
(Drained)

311

A-A 2.2

1.5

Both Circular and 
Noncircular 
Searches 

Optimized Using 
Built-In Slope/W 

Optimization 
Routine

B-B 1.9

C-C 1.7

290
D-D 2.2

E-E 2.1

Maximum
Surcharge Pool

Short-Term
(Undrained)

314.5

A-A 2.1

1.5

Both Circular and 
Noncircular 
Searches 

Optimized Using 
Built-In Slope/W 

Optimization 
Routine

B-B 1.8

C-C 1.6

293.5
D-D 2.2

E-E 2.1

Normal 
Operating Pool

Seismic
(Undrained)

311

A-A 1.5

1.0

Both Circular and 
Noncircular 
Searches 

Optimized Using 
Built-In Slope/W 

Optimization 
Routine

B-B 1.2

C-C 1.2

290
D-D 1.5

E-E 1.4

All controlling Slope/W and Seep/W runs are summarized in the Appendix. 


���!	���3!"3 	���%(��	
The analysis for a rapid drawdown failure is necessary only in circumstances where there is 
the potential for a rapid lowering of the impoundment that would potentially destabilize the 
embankment and trigger a rapid and uncontrolled release of the impoundment. For 
embankments such as the ones associated with this project, such a rapid release could only 
be caused by human failure or mechanical failure of an outfall structure.  However, for each 
of these ponds, there is no outfall structure.  The only way for water to be released from them 
is through evaporation or physical pumping.  Under such circumstances, it is not possible to 
trigger a rapid lowering of the reservoir except for the case of a global failure of the 
embankments.  If the embankments experience a global failure, a failure associated with the 
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attending rapid drawdown would be considered a secondary failure and hence is not 
considered in these stability calculations. 

���#)�0	�"�!� �	
According to EPA requirements published in the Federal Register Vol. 75, No. 118, pages 
35200 and 35201, only structures located in a seismic impact zone require seismic 
considerations.  The EPA identifies a seismic zone where the probability of an earthquake 
creating a peak ground acceleration of greater than 0.1g is greater than 10% over a 250 year 
period.  Based upon earthquake probability maps computed from the United States 
Geological Survey Report OFT 08-1128, and a rough correspondence between a M = 5.0 
earthquake and a peak ground acceleration of 0.09g, the probability of the peak ground 
acceleration equal to or greater than 0.1g at the project site is less than 6% over a 250 year 
period. Hence, the project site is not located in an EPA defined seismic impact zone. 

However, seismic stability calculations were performed for each of these cross sections 
using a lateral earthquake coefficient of 0.13g corresponding to the short period mapped 
spectral response acceleration provided earlier in this report.  Such an approach is 
considered to be conservative. These calculations indicate that the existing embankment 
slopes have a suitable Factor of Safety for seismic conditions. 

��;(�+�0��" 	�"�� ���%	
Given that these impoundments are not located in an EPA defined seismic impact zone, no 
specific analyses are required for seismically induced liquefaction.  However, a review of the 
boring logs developed for this project indicates that there is only one location (Boring B-4) at 
the toe of Cross Section B-B where loose sands or silts were encountered.  In all other 
locations, the uncorrected SPT blow counts were 65 or greater in the sands and silts.  In 
addition, these loose sands are encountered above the water table. Also, there is less than a 
6% chance of a magnitude 5.0 or greater earthquake in 250 years.  In order to have a 
liquefaction event, three conditions must be met.  First, granular soils must be present at a 
sufficiently low density. Second, these low density granular soils must be encountered below 
the groundwater table. Third, seismic shaking must be sufficiently strong to induce a collapse 
of the soil skeleton at the insitu density. 

Based upon the actual conditions at the project site, liquefaction is considered to be very 
unlikely according to the criteria established by Seed and Idriss (1971) in their paper 
“Simplified Procedure for Evaluating Soil Liquefaction Potential”.  Hence, slope stability 
evaluations accounting for potential liquefaction are not necessary for this site. 

����
��	��������	

The scope of this study is to conduct seepage and associated slope stability evaluations of 
the embankments of the Ash Water Transport Ponds and Equalization Pond.  Environmental 
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studies of any kind were not a part of our scope of work or services even though we are 
capable of providing such services.   

This report was prepared for this project exclusively for the use of San Miguel Electric 
Cooperative.  Arias and Associates is not responsible for the interpretations of our 
conclusions by a third party. If any of the assumptions presented herein change or if 
conditions observed during our site visits change, we should be informed and retained to 
ascertain the impact of these changes on our recommendations.  We cannot be responsible 
for the potential impact of these changes if we are not informed. 

The soils to be penetrated by the borings conducted for this subsurface investigation may 
vary significantly across the site.  Our soil classifications and strength determinations are 
based solely on the materials encountered in widely spaced exploratory test borings and our 
review of previously conducted borings. Conditions may occur between these borings that 
are not representative of the subsurface conditions modeled in these analyses 

This report has been prepared in accordance with ordinary degree of skill and care that 
would be used by other reasonably competent geotechnical engineers under similar 
circumstances, taking into consideration the contemporary state of the art and geographic 
idiosyncrasies. 
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APPENDIX A: SITE VICINITY MAP AND GEOLOGIC MAP



 
 

�

<�������	���	
	

��!�������	���E�����5	�%���%�4)#���'���	��5	�%�
+������� ����� �������+���7�$#���3�$�����7����

����
	���2	#�� 
���-��	

0���9��/
�	������
������ �	���	�9����������� ���� !�=	�	
7	"+	7	

0��(��< 9����+� 2!�
,�%�< 9��;.��
����	��%�< 9��0<� +
���9������+��

����	-������+����3	
���	��



 
 

 
��
����	��	��������	�����	��	��>��	

������	
												��)$"%	 	 ��)�	 	 	 	 	 										���	
� ���O����������������
��������#�����0��	�����������������������������O#������� �5���	%�H�C	�	
����4�	
!�
���������������O�� �������������#����������
��0��	����� � �O#������� �5���	%�H�5�����	
����4�	
!�
���������������4
%� ���������2	�)#�����2�� ���0��(	��!�+��%��	������������ �5���	%�H�4	
����4�	
!�
�������������������������������������������	"��!��E!�������6	�����	��
���������������4�(
��������7�����$
�E����	�����2�%%����� �������������������� �5���	%�H�4	
����4�	
!�
�����������������������������������6	�����	��
�#�%���%�%�
���������������4 � ���������:�$#��6	�����	��� � �������������������� �5���	%�H�4	
����4�	
!�
�����������������������������������
���������������������������������6�#���+�$�����(��!���%�
���	��	"�.��������7	�������

 

�

��������	���	
�

��!�������	���E�����5	�%���%�4)#���'���	��5	�%�
+������� ����� �������+���7�$#���3�$�����7����

����
	���2	#�� 
���-��	

0���9��/
�	����>
������ �	���	�9����������� ���� !�=	�	
7	"+	7	

0��(��< 9���3D� 2!�
,�%�< 9��;.��
����	��%�< 9��0<� +
���9������+��

U 
D 

O��

4
%�

4 �

���������		�
�����		���������	

4 �

4�(
�



�

�����������	
�����
���
�� <��� �������	���	�����������

APPENDIX B: SITE PHOTOGRAPHS
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APPENDIX C: BORING LOCATION PLAN AND BORING LOGS
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APPENDIX D: KEY TO CLASSIFICATION SYMBOLS



��

��������	

�
��
��

��
��

�	

�
�


��

��
���

��
��
��

	�
�
��

�	
��

�
�
��
��
�	


�
��

��
��
��

��
�
�
��

�

��
���

��
�	

�

��
��

��
��
��

�

��

		
��
��

�
��

��
��

��
��
��

�

�
��
�

��

��
��

�
��

�

��
��
�



��
��

�
�
�
�	
��



�
�
�
�	
��
�
�

�
	�

��
�

�
�

�

�
	�
�
�
�

�
	�

��
�

�
�

���
 �����	!�����"���
�#�$
���	

��� � �����	!�����"��� �#�$
���	

%���&�������� 	������'�
��#������(��	
���
 !
���)��� ���� 	!����� ���� 	!����
 ���� 	!

�������� 	

%���&��������
	!�#�������	����*��
�������	�����
�����������
 �����	!�+��	
������
	

%���&�������� 	����,�&��(��	
���
 !���
���� 	

#�		�)������	
���	!�����	
���	
'�
�����)������	
	

#
��
��
��

��
�,
��
���

��#
�

��
��
���
	

�#
��

�+
-

��
��

��
.
�/

�0
��

��
��
)�

��
�1
�

�

��
��
�



��
��

���������	�

��
�
�
�

#
��
��
��

��
�,
��
���

��#
�

��
��
���

�-
�
+-

��
��

��
.
�/

�0
��

��
��
)�

�	
�1
�

�
��
)�

�	
��

�
�
��
��
�	


�
��

��
��
��

��
�
�
��

�

��
���

��
�	

�

��

��

%�����
�����&��������	�����	
���	

#�		�)��������2� �3����������	
���	

#��	
�������#�		�)����� 	
���	

#�		�)�����(���� �3����������2�*���	�
	

���
�����	���� �*���	�
	


�������	


����

���
�	�
����

(���� "����������)��	!����)��"�����#�$
���	!
��

�������������	

���
 ����)��	!����)��"����"���
�#�$
���	

��� � ����)��	!����)��"����"��� �#�$
���	

����"�����������	!����)��� �����	!
��

�������������	

%���&��������
	�4�5�� ����������	!�-��2������!
���
 ������� � ����������	������� � ����
	

'�
�����&�
�(��	
���
 

%�����
�	�������6�	��)���������'�
�����)��

%�����
�	�%��
����6�	��)���������'�
�������
���

��

��

�


��

#
��
��
��

��
�,
��
���

���
��

�	
��
��
��


��
�

�	
��
�-

�
+-

��
��

��
.
�/

�7
��
��
)�

��
�1
�


�

��


�

�


�����������	
�����
���
�

�	�����
����
�

��
�������������	��������
�������
�������
�
�
��� �����

������� �	�
�
��
���

(���� "�����������	!����)��� �����	!
��

�������������	

����"����������)��	!����)��"�����#�$
���	!���

��
����������	

��
�
�
�
�

�
�
�
�

�
�
�	
�

�
��

#
��
��
��

��
�,
��
���

���
��

�	
��
��
��


��
�

�	
��
#
��

�+
-

��
��

��
.
�/

�7
��
��
)�

��
�1
�

�
��
��

��
��
)�

�	

�
�


��

��
���

��
��
��

	�

��������	

�
�	����	

��



�

�����������	
�����
���
�� 4��� �������	���	�����������

APPENDIX E: LABORATORY AND FIELD TEST PROCEDURES
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Sample No.:

Project: Type of Test: Multi-stage CU

TRI Log No.: E2365-91-06 Strain Rate (%/hr): 1 % / hr
Test Method: Modified ASTM D 4767 Test Date:

#1 #2 #3
6 12 18

14 - 16 14 - 16 14 - 16
Avg. Diameter (in) Do 2.84 2.84 2.84
Avg. Height (in) Ho 5.75 5.75 5.75
Avg. Water Content (%) wo 35.4 35.4 35.4
Bulk Density (pcf) WDo 109.3 109.3 109.3
Dry Density (pcf) DDo 80.8 80.8 80.8
Saturation (%) So 87.8 87.8 87.8
Void Ratio eo 1.09 1.09 1.09
Specific Gravity (assumed) Gs 2.70 2.70 2.70
B-Coefficient B 0.98 0.98 0.98

Initial Specimen Conditions

0.0Cohesion, c' (psi):

Stage
Eff. Consolidation Stress (psi)
Depth/Elev (ft):

Consolidated-Undrained Triaxial Compression Test Report
Total Stresses

Effective Stresses
Type of Specimen: Undisturbed

Friction Angle, �� (o): 19.3

0.0Cohesion, c (psi):

San Miguel Electric Cooperative

10/04/12

Arias & Associates

21.8Friction Angle, �' (o):

B-1 (14 - 16 ft)
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Deviator Stress and Pore Pressure versus Axial Strain

Void Ratio ec 1.06 1.03 1.00
Area (in2) A1 6.29 6.23 6.18
Saturation (%) Sr 99.7 99.9 100.0
Avg. Water Content (%) wf 41.8 41.8 41.8

4.7 11.9 16.9

9.9 23.5 33.9
5.3 11.6 17.0

10.8 20.9 31.0
6.1 9.1 14.1

Trevor Yates, 10/15/12
Analysis & Quality Review/Date

Specimens prepared by: Jon Millsap

Note 2: Specimens were mounted in the triaxial cells using the back-
pressure saturation method. Failure stresses were determined at the
greatest deviator stress or at 15% strain, whichever occurred first.

Note 1: Specimen was undisturbed

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
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TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

Deviator Stress (psi)

Specimen Conditions after Consolidation

Stresses at Failure
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-1 (14 - 16 ft) Test Date: 10/04/12

Triaxial Compression Test Appendix 1
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The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-1 (14 - 16 ft) Test Date: 10/04/12

Triaxial Compression Test Appendix 2
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Shear Stress,
�� (psi)

Mohr's Circles (Total Stress)

6 psi
12 psi
18 psi
Failure Envelope

�3f = effective consolidation stress
�1 = �3f + (�1-�3) at failure

� ������°

c = 0.0 psi

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Sample No.:
Project: Type of Test: Multi-stage CU
TRI Log No.: E2365-91-06 Strain Rate (%/hr): 0.19, 0.083, & 0.045

Test Method: Modified ASTM D 4767 Test Date:

#1 #2 #3
12 23 35

28 -30 28 -30 28 -30
Avg. Diameter (in) Do 2.81 - -
Avg. Height (in) Ho 5.64 - -
Avg. Water Content (%) wo 28.1 - -
Bulk Density (pcf) WDo 116.6 - -
Dry Density (pcf) DDo 91.1 - -
Saturation (%) So 89.0 - -
Void Ratio eo 0.85 - -
Specific Gravity (assumed) Gs 2.70 - -
B-Coefficient B 0.98 - -

Void Ratio ec 0.83 0.68 0.62
Area (in2) A1 6.16 5.81 5.65
Saturation (%) Sr - - 100.0
Avg. Water Content (%) wf - - 31.3

13.8 20.7 26.3

25.0 44.0 60.6
11.2 23.2 34.3

20.0 34.0 45.0
6.2 13.4 21.3

Analysis & Quality Review/Date
Specimens prepared by: Jon Millsap

Note 2: Specimens were mounted in the triaxial cells using the back-
pressure saturation method.  Failure stresses for the first two stages 
were determined at 3 percent and 6 percent strain.             

Note 1: Specimen was undisturbed ��""�� ����D#!�
�4�����
�5!�0�
���H�=H��

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply
to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-6 (28 - 30 ft) Test Date: 10/02/12

TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply
to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

!���"������

��������!����&

����"�(

)�

(�

*�

��

/�

��

.�

)�(� (� ()� ())� ()))� ())))�

3
��
�

��
�
��
�'
��
�

4
��

!�
���
�����
	��'��(�������
�����������������!����

)�

��

()�

(��

*)�

*��

)� (� ()� ())� ()))� ())))�

3
��
�

��
�
��
�'
��
�

4
��

!�
���
�����
	��'����������
�����������������!����

)�

()�

*)�

�)�

/)�

�)�

.)�

5)�

)�(� (� ()� ())� ()))� ())))�

3
��
�

��
�
��
�'
��
�

4
��

!�
���
�����
	��'��*�������
�����������������!����

6�7�)�.510"�8�.�.(1��
#9�7�)�110�

)�

��

()�

(��

*)�

*��

�)�

)� ()� *)� �)� /)�

��
(��
���
� ��
�

��
��

����( 8�*�����2���
���

��
:���'��	������,������p'-q��

((�.�
���
*��*�
���
�/�0�
���

)�

*�

/�

.�

0�

()�

(*�

(/�

)� ()� *)� �)� /)� �)�

���
� (�
����
� ��
2*
��

��
��

����(�8������2*��
����

;�!�	������,�����

((�.�
���
*��*�
���
�/�0�
���

)�

��

()�

(��

*)�

*��

�)�

)� ()� *)� �)� /)�
��
(
����
� ��
�

��
��

�����
����

;��������;���������
:�	������,�����

((�.�
���
*��*�
���
�/�0�
���



TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-6 (28 - 30 ft) Test Date: 10/02/12

TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply
to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

!���"������

��������!����&

����"�*

)�

*��

�)�

5��

)� *�� �)� 5��

	�����	���������
���
����

!�����	�����������
����

;���������������!�����	�������

((�.�
���
*��*�
���
�/�0�
���
��������$�%���
��

�����f�7��������%�����������������������
����(�7���f�8���(����������������

ϕ�7�(��(=�
��7���)�
���

)�

*��

�)�

5��

)� *�� �)� 5��

	�����	���������
���
����

$������%��	������������
����

;���������������$������%��	�������

((�.�
���
*��*�
���
�/�0�
���
��������$�%���
��

ϕ��7�(��*=�

���7�����
���



TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Sample No.:

Project: Type of Test: Multi-stage CU

TRI Log No.: E2365-91-06 Strain Rate (%/hr): 5 % / hr
Test Method: Modified ASTM D 4767 Test Date:

#1 #2 #3
10 19 29

23 - 25 23 - 25 23 - 25
Avg. Diameter (in) Do 2.83 2.83 2.83
Avg. Height (in) Ho 5.66 5.66 5.66
Avg. Water Content (%) wo 26.5 26.5 26.5
Bulk Density (pcf) WDo 111.9 111.9 111.9
Dry Density (pcf) DDo 88.5 88.5 88.5
Saturation (%) So 79.0 79.0 79.0
Void Ratio eo 0.91 0.91 0.91
Specific Gravity (assumed) Gs 2.70 2.70 2.70
B-Coefficient B 0.98 0.98 0.98

Consolidated-Undrained Triaxial Compression Test Report
Total Stresses

Effective Stresses
Type of Specimen: Undisturbed

Friction Angle, �� (o): 19.0

1.5Cohesion, c (psi):

San Miguel Electric Cooperative

10/04/12

Arias & Associates

23.6Friction Angle, �' (o):

B-10 (23 - 25 ft)

Initial Specimen Conditions

2.5Cohesion, c' (psi):

Stage
Eff. Consolidation Stress (psi)
Depth/Elev (ft):
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Deviator Stress and Pore Pressure versus Axial Strain

Void Ratio ec 0.89 0.86 0.83
Area (in2) A1 6.27 6.20 6.13
Saturation (%) Sr 99.7 99.9 90.5
Avg. Water Content (%) wf 27.7 27.7 27.7

14.7 25.3 33.8

25.7 45.5 64.1
10.9 20.2 30.2

19.9 36.6 53.5
5.1 11.4 19.6

�'1 (psi)
�'3 (psi)

Total Stresses at Failure
�1 (psi)

Effective Stresses at Failure
�3 (psi)

Deviator Stress (psi)

Specimen Conditions after Consolidation

Stresses at Failure

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
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TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

Trevor Yates, 10/15/12
Analysis & Quality Review/Date

Specimens prepared by: Jon Millsap

Note 2: Specimens were mounted in the triaxial cells using the back-
pressure saturation method. Failure stresses were determined at the
greatest deviator stress or at 15% strain, whichever occurred first.

Note 1: Specimen was undisturbed

Axial Strain (%)

9.6 psi 19.2 psi 28.8 psi

Pore Pressure, 9.6 psi Pore Pressure, 19.2 psi Pore Pressure, 28.8 psi
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-10 (23 - 25 ft) Test Date: 10/04/12

Triaxial Compression Test Appendix 1

0
1
2
3
4

0 1 10 100 1000

e
C

ha
ng

e
(m

L
)

Time (min.)
Stage 1 Isotropic Consolidation Test

16
18

MIT Stress Paths

0

5

10

15

20

25

30

35

40

0 10 20 30 40
��'

1
-�

' 3
(p

si
)

�'3 (psi)

Modified Mohr-Coulomb Stress Paths

9.6 psi
19.2 psi
28.8 psi

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: Arias & Associates TRI Log No.: E2365-91-06
Project: San Miguel Electric Cooperative Test Method: ASTM D 4767
Specimen: B-10 (23 - 25 ft) Test Date: 10/04/12

Triaxial Compression Test Appendix 2
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Failure Envelope

�3f = effective consolidation stress
�1 = �3f + (�1-�3) at failure

� ������°

c = 1.5 psi

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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APPENDIX F: SEEPAGE AND SLOPE STABILITY RESULTS

�

�

�

�

�



2
	�

�#
��

%�
<

 9
��;

.
�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
�

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

�
��

�9
��

�!
�E

��
��

���
���

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9��

��
��

==
�"�

H�
�


���
���

B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

���
���

���
D

�0
���


�
�	

�9
��

�T
��

5
	�

%�
E

��
��

�4
��

��
��	

�9
�=

��
�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

+
4

4
5

HE
��

��
� 

��
��

���
	�

�
��

�/
��

��
���

$�
5

		
�

��
H�

�H
��

��

�	
��

��C
��

%

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
��

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

�7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
��5

!�
�<

9��
�T

���
��

�
��

�9
�2

��
 �

�
��

H6
����

��+
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

�2
	!

��
�	

�9
��

@@
��

�"
���

��5
!�

9��
��

=�
T�

��5
!�

�<
9��

��
T�

���
�

�
��

�9
��

�!
�E

��
��

���
���

���
���

�7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9��

��
T�

���
��5

!�
�<

9��
�T

���
��

5
	�

%�
E

��
��

�4
��

��
��	

�9
�=

��
�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

��
H�

�H
��

��

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
��

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

����
��+

���
�7

	%
��

9�7
	!

��2
	#

�	
�

��
���

��1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
@@

��
�"

���
��5

!�
9��

��
=�

T�
���

5
!�

�<
9��

��
T�

���
�

�
��

�9
��

�!
�E

��
��

���
���

���
���

7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9��

��
T�

���
���

5
!�

�<
9��

�T
���

��

5
	�

%�
E

��
��

�4
��

��
��	

�9
�=

��
�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

���
6�

�
��

H�
�H

��
��

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
��

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

����
��1

���
���

7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

��5
!�

9��
?�

��
T�

���
�5

!�
�<

9��
��

T�
���

�
�

��
�9

��
�!

�E
��

��
���

���
���

���
�7

	%
��

9�7
	!

��2
	#

�	
�

��
���

���
1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9��

��
T�

���
���

�5
!�

�<
9��

�T
���

��

C
	�

'�
+

��
��

�

�3

	�
%9

��
��

=
5

	�
%�

E
��

��
�4

��
��

��	
�9

�=
��

�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

+
��

��
�


���
4

��
� 

�4
-�

���
��

H�
�H

��
��

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



2
	�

�#
��

%�
<

 9
��;

.
�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
�

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

�
��

�9
��

�!
�E

��
��

���
���

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9��

��
��

==
�"�

H�
�


���
���

B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

���
���

���
D

�0
���


�
�	

�9
��

�T
��

5
	�

%�
E

��
��

�4
��

��
��	

�9
�=

�>
��

�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

+
4

4
5

HE
��

��
� 

��
��

��7
�-

��
#�

�+
#�


!
��

$�
�5

		
�

��
H�

�H
��

��

�	
��

��C
��

%

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
��

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

����
��1

���
���

7
	%

��
9�7

	!
��2

	#
�	

�
��

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

��5
!�

9��
?�

��
T�

���
�5

!�
�<

9��
��

T�
���

�
�

��
�9

��
�!

�E
��

��
���

���
���

���
��7

	%
��

9�7
	!

��2
	#

�	
�

��
���

��1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

5
!�

9��
��

T�
���

���
�5

!�
�<

9��
�T

���
��

5
	�

%�
E

��
��

�4
��

��
��	

�9
�=

�>
��

�"�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

�
��

�$
�'

7
�-

��
#�

�+
#�


!
��

$�
�5

		
���

�4
��

� 
�4

-�
���

��
H�

�H
��

��

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

<
�<

�$
�'

+
4

4
5

HE
��

��
� 

��
��

���
	�

�
��

�/
��

��
���

$�
5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�+

���
���

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
�

��
�9

�<
��

�,
��

���
���

���
���

���
��7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

��
==

�"�
H�

�

���

���
B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

=�
��

"�
�	

��
��C

��
%

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

<
�<

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
��


"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
��2

	!
��

�	
�9

��
��

�"
���

���
���

�5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�F2

3�
+

2
G��

�+
���

���
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

�2
	!

��
�	

�9
��

��
��

�"
���

���
5

!�
9��

>�
T�

���
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

���
���

+
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

�2
	!

��
�	

�9
��

@@
��

�"
���

���
5

!�
9��

��
=�

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�<
��

�,
��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
��1

��
��E

��
$!

�9�
��

�

"��

���
���

��2
	!

��
�	

�9
��

��
�"

���
��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

<
�<

�$
�'

+
��

��
�


���
4

��
� 

�4
-�

���
��

H�
�H

��
��

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
��


"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

��1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

��5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
��1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

���
�5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

��1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
��

"��
���

5
!�

9��
�T

���
���

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�<

��
�,

��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

���
���

��5
��

'	
�

��
��


�3
��

�9
��

���
���

C
	�

'�
+

��
��

�

�3

	�
%9

��
��

=
�

	�
�

��
�/

��
��

���
$�

5
		

��4
��

��
��	

��
=�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

<
�<

�$
�'

+
4

4
5

HE
��

��
� 

��
��

��7
�-

��
#�

�+
#�


!
��

$�
�5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

��B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
���

7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
�>

���
���

D
�0

���

�

�	
�9

��
�T

�
�

��
�9

�F2
3�

+
2

G��
�+

���
���

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
@�

"�H
��


�
���

���
B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

��7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

�
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
��B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

���
7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

��
���

���
D

�0
���


�
�	

�9
��

�T
�

�
��

�9
�<

��
�,

��
���

���
���

���
���

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

��
==

�"�
H�

�

���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

���
7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

���
���

���
D

�0
���


�
�	

�9
��

�T
�

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

=�
>�

��
"�

�	
��

��C
��

%

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
@

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

<
�<

�$
�'

7
�-

��
#�

�+
#�


!
��

$�
�5

		
���

�4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
��


"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

�5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

���
5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
��

"��
���

5
!�

9��
�T

���
���

���
5

!�
�<

9��
�T

���
��

�
��

�9
�<

��
�,

��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

���
���

�5
��

'	
�

��
��


�3
��

�9
��

���
���

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

=�
>�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

2
�2

�$
�'

+
4

4
5

HE
��

��
� 

��
��

���
	�

�
��

�/
��

��
���

$�
5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�	
��

��C
��

%

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
��

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�?

��
��

��
"�H

��

�

���
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

��
���

���
D

�0
���


�
�	

�9
��

�T
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

��
==

�"�
H�

�

���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
��D

�0
���


�
�	

�9
��

�T
��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
?

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

2
�2

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

����
��+

���
���

7
	%

��
9�7

	!
��2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

@@
��

�"
���

��5
!�

9��
��

=�
T�

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

2
�2

�$
�'

+
��

��
�


���
4

��
� 

�4
-�

���
��

H�
�H

��
��

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
���

�"
C

	�
'�

+
��

��
�


�3
	�

%9
��

��
=

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

�5
!�

�<
9��

�T
���

��5
��

'	
�

��
��


�3
��

�9
��

���
���

�
��

�9
�2

��
 �

�
��

H6
����

��1
���

���
7

	%
��

9�7
	!

��2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
�"

���
��5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
�1

��
��E

��
$!

�9�
��

�

"��

���
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
5

��
'	

�
��

��

�3

��
�9

��
���

���

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

2
�2

�$
�'

+
4

4
5

HE
��

��
� 

��
��

��7
�-

��
#�

�+
#�


!
��

$�
�5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�	
��

��C
��

%

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
��

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�?

��
��

��
"�H

��

�

���
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

��
���

���
D

�0
���


�
�	

�9
��

�T
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

��
==

�"�
H�

�

���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
��D

�0
���


�
�	

�9
��

�T
��

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

=�
>�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



��
�

+
��

�7
�$

#�
���

�!
�5

	�
%�

+
�


��	
��

2
�2

�$
�'

7
�-

��
#�

�+
#�


!
��

$�
�5

		
���

�4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
�"

���
���

���
5

!�
9�=

��
T�

���
���

�5
!�

�<
9��

�T
���

��5
��

'	
�

��
��


�3
��

�9
��

���
���

�
��

�9
�2

��
 �

�
��

H6
����

��1
���

���
7

	%
��

9�7
	!

��2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
�"

���
��5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
�1

��
��E

��
$!

�9�
��

�

"��

���
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
5

��
'	

�
��

��

�3

��
�9

��
���

���

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

=�
>�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�

4������	�

��
�

�=
�

�>
�

��
�

��
�

�?
�

�@
�

��
�

=�
�

=�
�

=�
�



+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

0
�0

�$
�'

+
4

4
5

HE
��

��
� 

��
��

���
	�

�
��

�/
��

��
���

$�
5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
@�

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

��
���

���
D

�0
���


�
�	

�9
��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

���
���

+
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
��7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

�=
=�

"�H
��


�
���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�	
��

��C
��

%
�

	�
�

��
�/

��
��

���
$�

5
		

��4
��

��
��	

��
U�

��
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
�

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

0
�0

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�F2

3�
+

2
G��

�+
���

���
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

��5
!�

9��
>�

T�
���

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�2

��
 �

�
��

H6
���

���
+

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
@@

��
�"

���
��5

!�
9��

��
=�

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
�1

��
��E

��
$!

�9�
��

�

"��

���
���

�2
	!

��
�	

�9
��

��
�"

���
��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

U�
��

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
�

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

0
�0

�$
�'

+
��

��
�


���
4

��
� 

�4
-�

���
��

H�
�H

��
��

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
���

�"
C

	�
'�

+
��

��
�


�3
	�

%9
��

��
=

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

�5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

���
5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
��

"��
���

5
!�

9��
�T

���
���

���
5

!�
�<

9��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

���
���

�5
��

'	
�

��
��


�3
��

�9
��

���
���

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

U�
��

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

0
�0

�$
�'

+
4

4
5

HE
��

��
� 

��
��

��7
�-

��
#�

�+
#�


!
��

$�
�5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
@�

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

��
���

���
D

�0
���


�
�	

�9
��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

���
���

+
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
��7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

�=
=�

"�H
��


�
���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
���

D
�0

���

�

�	
�9

��
�T

���
��

�	
��

��C
��

%
7

�-
��

#�
�+

#�

!

��
$�

�5
		

��4
��

��
��	

��
U�

��
=�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
�

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

0
�0

�$
�'

7
�-

��
#�

�+
#�


!
��

$�
�5

		
���

�4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

�5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

���
5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
��

"��
���

5
!�

9��
�T

���
���

���
5

!�
�<

9��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

���
���

��5
��

'	
�

��
��


�3
��

�9
��

���
���

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

U�
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

4
�4

�$
�'

+
4

4
5

HE
��

��
� 

��
��

���
	�

�
��

�/
��

��
���

$�
5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

��
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

��7
�9

��
�H�

�"
���

���
D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
��

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
���

�7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�?

��
��

��
"�H

��

�

���
���

��B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
���

D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

�7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
@�

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
��7

�9
��

�H�
�"

���
���

D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

��
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9��

��
�=

=�
"�H

��

�

���
���

���
B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

�7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
���

���
���

�D
�0

���

�

�	
�9

��
�T

�

�	
��

��C
��

%
�

	�
�

��
�/

��
��

���
$�

5
		

��4
��

��
��	

��
U�

��
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
�

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

4
�4

�$
�'

+
��

�%
 �

+
��

��
�+

��
��

$�
���

4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
��5

!�
9�=

��
T�

���
���

��5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�+

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
�"

���
��5

!�
9��

>�
T�

���
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�2
��

 �
�

��
H6

���
���

+
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

@@
��

�"
���

��5
!�

9��
��

=�
T�

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�1
�%

��
��

�%
�F5

!�
U�

G��
���

�1
��

��E
��

$!
�9�

��
�


"��
���

���
�2

	!
��

�	
�9

��
��

�"
���

��

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

U�
��

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
>

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

4
�4

�$
�'

+
��

��
�


���
4

��
� 

�4
-�

���
��

H�
�H

��
��

2
	�

�#
��

%�
<

 9
��;

.
�

+
#�


!
��

$�
9��

��
���

�"
C

	�
'�

+
��

��
�


�3
	�

%9
��

��
=

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

��5
!�

9�=
��

T�
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

�"
���

���
�5

!�
9��

?�
��

T�
���

�5
!�

�<
9��

�T
���

��
�

��
�9

�F2
3�

+
2

G��
�1

���
���

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
��

"��
���

5
!�

9��
�T

���
���

���
�5

!�
�<

9��
�T

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
�1

��
��E

��
$!

�9�
��

�

"��

���
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���

�
	�

�
��

�/
��

��
���

$�
5

		
��4

��
��

��	
��

U�
��

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

4
�4

�$
�'

+
4

4
5

HE
��

��
� 

��
��

��7
�-

��
#�

�+
#�


!
��

$�
�5

		
�

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�+

��
#�

��
�%

�/
��

 �
���

��D
�+

��
9�=

�=
��

��
��

"�H
��


�
���

�B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
��7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

�>
���

���
D

�0
���


�
�	

�9
��

�T
���

�
�

��
�9

�2
��

 �
�

��
H6

���
���

1
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�?
��

��
��

"�H
��


�
���

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

��7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
�

�
��

�9
�F2

3�
+

2
G��

�1
���

���
���

���
7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9�=
�=

��
��

@�
"�H

��

�

���
�B

	�
#�

��
��


�E
��

��
�2

	�
��

��
9��

�"�
RH"

�R�
���

��7
�9

��
�H�

�"
���

��D
�.

��
�	

9��
��

���
���

D
�0

���

�

�	
�9

��
�T

���
�

�
��

�9
�+

#�
"�


��
���

���
���

���
���

���
�7

	%
��

9�+
��

#�
��

�%
�/

��
 �

���
��D

�+
��

9��
��

�=
=�

"�H
��


�
���

���
���

B
	�

#�
��

��

�E

��
��

�2
	�

��
��

9��
�"�

RH"
�R�

���
�7

�9
��

�H�
�"

���
��D

�.
��

�	
9��

���
���

��D
�0

���

�

�	
�9

��
�T

���
�

�	
��

��C
��

%
7

�-
��

#�
�+

#�

!

��
$�

�5
		

��4
��

��
��	

��
U�

��
=�

��
"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



��
�

+
��

�7
�$

#�
��+

�#
%$

��
5

	�
%�

+
�


��	
��

4
�4

�$
�'

7
�-

��
#�

�+
#�


!
�$

��
5

		
���

�4
��

� 
�4

-�
���

��
H�

�H
��

��
2

	�
�#

��
%�

<
 9

��;
.

�

+
#�


!
��

$�
9��

��
���

�"

�
��

�9
�F+

7
�7

3G
���

1

+

���
���

��7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

�"
���

���
���

��5
!�

9�=
��

T�
���

�5
!�

�<
9��

�T
���

��5
��

'	
�

��
��


�3
��

�9
��

���
���

�
��

�9
�2

��
 �

�
��

H6
���

���
1

���
���

7
	%

��
9�7

	!
��

2
	#

�	
�

��
���

���
���

�1
��

��E
��

$!
�9�

��
��

�

"��

���
2

	!
��

�	
�9

��
��

��
�"

���
���

�5
!�

9��
?�

��
T�

���
�5

!�
�<

9��
�T

���
��

�
��

�9
�F2

3�
+

2
G��

�1
���

���
���

���
7

	%
��

9�7
	!

��
2

	#
�	

�
��

���
���

���
�1

��
��E

��
$!

�9�
��

��
�


"��
���

2
	!

��
�	

�9
��

��
��

��
"��

���
5

!�
9��

�T
���

��5
!�

�<
9��

�T
���

���
�5

��
'	

�
��

��

�3

��
�9

��
���

���
�

��
�9

�+
#�

"�

��

���
���

���
���

���
���

�7
	%

��
9�1

�%
��

��
�%

�F5
!�

U�
G��

���
�1

��
��E

��
$!

�9�
��

�

"��

���
���

�2
	!

��
�	

�9
��

��
�"

���
���

���
��5

��
'	

�
��

��

�3

��
�9

��
���

���

7
�-

��
#�

�+
#�


!
��

$�
�5

		
��4

��
��

��	
��

U�
��

=�
��

"�

0
��

��
�


�
��

��
��

��
��

�
�

��
��

�
��

�
��

�
��

�
=�

�
=�

�
>�

�
>�

�
��

�
��

�
��

�

4������	�

��
�

��
�

�>
�

��
�

�@
�

=�
�



�

�����������	
�����
���
�� ;��� �������	���	�����������

APPENDIX G: ASFE INFORMATION – GEOTECHNICAL REPORT
�







 

 

 

 

 

 

 

Appendix C 

 

USEPA Checklists 



Site Name:                         Date:    
Unit Name:    Operator's Name:     
Unit I.D.:        Hazard Potential Classification: High    Significant    Low 
Inspector's Name:     

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  Any unusual conditions or 
construction practices that should be noted in the comments section.  For large diked embankments, separate checklists may be used for different 
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  18. Sloughing or bulging on slopes?   
2. Pool elevation (operator records)?   19. Major erosion or slope deterioration?   
3. Decant inlet elevation (operator records)?  20. Decant Pipes:   
4. Open channel spillway elevation (operator records)?        Is water entering inlet, but not exiting outlet?   
5. Lowest dam crest elevation (operator records)?        Is water exiting outlet, but not entering inlet?   
6. If instrumentation is present, are readings 
    recorded (operator records)?         Is water exiting outlet flowing clear?   

7. Is the embankment currently under construction?   21. Seepage (specify location, if seepage carries fines, 
and approximate seepage rate below):   

8. Foundation preparation (remove vegetation,stumps, 
topsoil in area where embankment fill will be placed)?        From underdrain?   
9. Trees growing on embankment? (If so, indicate    
     largest diameter below)        At isolated points on embankment slopes?   
10. Cracks or scarps on crest?        At natural hillside in the embankment area?   
11. Is there significant settlement along the crest?         Over widespread areas?   
12. Are decant trashracks clear and in place?        From downstream foundation area?   
13. Depressions or sinkholes in tailings surface or  
      whirlpool in the pool area?        "Boils" beneath stream or ponded water?   
14. Clogged spillways, groin or diversion ditches?         Around the outside of the decant pipe?   
15. Are spillway or ditch linings deteriorated?   22. Surface movements in valley bottom or on hillside?   
16. Are outlets of decant or underdrains blocked?   23. Water against downstream toe?   
17. Cracks or scarps on slopes?   24. Were Photos taken during the dam inspection?   
Major adverse changes in these items could cause instability and should be reported  for 
further evaluation.  Adverse conditions noted in these items should normally be described (extent, location, 
volume, etc.) in the space below and on the back of this sheet. 

Inspection Issue # Comments    
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6.Water level is measured six times daily from a float referenced to 18" freeboard.
9.Largest tree approximately 3 inches in diameter.
10.Tension cracks observed on east embankment crest.
12.Outlet piping was submerged. No trashracks were observed.
17.Erosion rills located on south embankment interior slope.
19.Slope erosion into crest at east embankment interior slope, due to nearby        pipe leakage. Pipe had been repaired at the time of assessment.
20. Outlet pipe submerged so outlet could not be observed, but water was being siphoned out of the pond.
21. Area of ponded water and change in vegetation located on west embankment exterior toe.
23. Coal pile runoff pond located downstream of west embankment.
										N/A = Not Available
										DNA = Does Not Apply
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U. S. Environmental Protection Agency
 

 
Coal Combustion Waste (CCW)

                             Impoundment Inspection 

 
 
 Impoundment NPDES Permit #  _____________________       INSPECTOR______________________ 
Date ____________________________________ 
 
Impoundment Name ________________________________________________________ 
Impoundment Company   ____________________________________________________ 
EPA Region  ___________________ 
State Agency (Field Office) Addresss  __________________________________________
                                                               __________________________________________
Name of Impoundment  _____________________________________________________ 
(Report each impoundment on a separate form under the same Impoundment NPDES 
 Permit number) 
 
New ________ Update _________       
 
         Yes  No 
Is impoundment currently under construction?         ______        ______ 
Is water or ccw currently being pumped into 
the impoundment?                       ______        ______ 
 
 
IMPOUNDMENT FUNCTION: _____________________________________________
 
 
Nearest Downstream Town :    Name ____________________________________ 
Distance from the impoundment __________________________  
Impoundment 
Location: Longitude ______ Degrees ______ Minutes ______ Seconds 
   Latitude    ______ Degrees ______ Minutes ______ Seconds 
   State _________   County ___________________________ 
 
Does a state agency regulate this impoundment?  YES ______ NO ______ 
 
If So Which State Agency?___________________________________________ 

EPA Form XXXX-XXX, Jan 09   1 
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HAZARD POTENTIAL  (In the event the impoundment should fail, the 
following would occur): 
 
______ LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of 
the dam results in no probable loss of human life or economic or environmental 
losses. 
  
______ LOW HAZARD POTENTIAL: Dams assigned the low hazard potential 
classification are those where failure or misoperation results in no probable loss of 
human life and low economic and/or environmental losses.  Losses are principally 
limited to the owner’s property.  
  
______ SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant 
hazard potential classification are those dams where failure or misoperation results 
in no probable loss of human life but can cause economic loss, environmental 
damage, disruption of lifeline facilities, or can impact other concerns. Significant 
hazard potential classification dams are often located in predominantly rural or 
agricultural areas but could be located in areas with population and significant 
infrastructure. 
 
______ HIGH HAZARD POTENTIAL: Dams assigned the high hazard 
potential classification are those where failure or misoperation will probably cause 
loss of human life. 
 
DESCRIBE REASONING FOR HAZARD RATING CHOSEN:  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
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Failure or misoperation of the impoundment would result in 
economic loss and environmental damage.  Impoundment is located 
near facility boundary. Discharge would likely flow towards             the normally dry creeks located south of the impoundment and           onto adjacent property. Portions of the adjacent property are used      for cattle grazing and other is leased by the local mining company.          The creeks adjacent to the Plant discharge to La Parita Creek, approximately 4.2 stream miles from the Plant. La Parita Creek         flow ultimately enter the Atascosa River, situated approximately       16.5 stream miles from the Plant. Also, structures supporting 
high Voltage overhead power line could be impacted by 
failure of impoundment.
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CONFIGURATION: 

 
 

Height 

  

original 
ground 

CROSS-VALLEY 

Height 
original 
ground 

SIDE-HILL 

Water or ccw

DIKED 

original ground 
Height 

Height 

  

original 
ground 

CROSS-VALLEY 

Water or ccw 

original 
ground 

SIDE-HILL 

Height 

 
 original 

ground 
 
 

CROSS-VALLEY  
 
 
 
 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original original 
ground ground 

SIDE-HILL SIDE-HILL 

original 
ground 

SIDE-HILL SIDE-HILL 

original 
ground Height 

SIDE-HILL SIDE-HILL SIDE-HILL 

Height Height 
original 
ground 
original 
ground Height 

SIDE-HILL 

original 
ground Height 

SIDE-HILL 

      Water or ccw 

 
original 
ground  Height 

 
 SIDE-HILL 

 
 
 
 
 
 
 

 
INCISED  

 
       Water or ccw 

original 
ground 

 
 
 
 

_____ Cross-Valley 
_____ Side-Hill 
_____ Diked 
_____ Incised (form completion optional) 
_____ Combination Incised/Diked 
Embankment Height __________ feet     Embankment Material_______________
Pool Area __________________  acres   Liner ____________________________    
Current Freeboard ________  feet      Liner Permeability  _________________
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TYPE OF OUTLET (Mark all that apply)  

TRAPEZOIDAL
       

Avg 
Depth 

Bottom 
Width 

Depth 

 TRIANGULAR _____ Open Channel Spillway  
_____ Trapezoidal Top Width Top Width 

_____ Triangular 

RECTANGULAR IRREGULAR 

Depth _____ Rectangular 
_____ Irregular 
  
_____ depth 
_____ bottom (or average) width 

Width 

Depth 

Average Width 

_____ top width 

 
 
 

_____ Outlet 
 
_____ inside diameter    
 

 
Material Inside    Diameter 

_____ corrugated metal 
_____ welded steel 
_____ concrete 
_____ plastic (hdpe, pvc, etc.) 
_____ other (specify) ____________________ 
 

Is water flowing through the outlet?      YES _______   NO _______ 
 
 
_____ No Outlet 
 

_____ Other Type of Outlet (specify) ________________________________ 
 
 
The Impoundment was Designed By ____________________________________ 
__________________________________________________________________ 
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Has there ever been a failure at this site?   YES __________ NO ___________ 
 
If So When? ___________________________ 
 
If So Please Describe : _____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Has there ever been significant seepages  at this site?   YES _______ NO _______
 
If So When? ___________________________ 
 
IF So Please Describe:  _______________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
 

EPA Form XXXX-XXX, Jan 09               6 

DAASJF
Typewritten Text
X

DAASJF
Typewritten Text
1983 and presently

DAASJF
Typewritten Text

DAASJF
Typewritten Text

DAASJF
Typewritten Text
I 1983 leakage was observed by the Texas Department of Water
Resources (TDWR) during a routine inspection. Leaking was observed
on the west and east embankment exterior slopes. An assessment 
was done and the liner was reconstructed in 1984. The top 2 feet
of liner was removed, then the remaining 12" of clay liner was 
scarified and new liner was constructed.
During our assessment ponded water was observed at the toe of the 
west embankment exterior slope. The water appeared to be clear
no apparent sloughs were observed near the suspected seepage
location. A change in vegetation was observed near the ponded 
water. The owner was not aware of the problem and he was alerted
that the suspected seepage should be investigated.
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches 
at this site?                                                                   YES ________NO ________ 
 
If so, which method (e.g., piezometers, gw pumping,...)? ____________________ 
 
If so Please Describe :  ____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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FRIERSWJ
Text Box
The assessor did not meet with, or have documentation from the design Engineer of Record concerning foundation preparation. 

FRIERSWJ
Text Box
Major rehabilitation of the Ash Pond embankments was completed in 1983.  The work was performed to address seepage observed by the Texas Department of Water Resources. Rehabilitation included recompacting the top 2 feet of embankment fill on interior embankment slopes of the Ash Pond to obtain a permeability of less than 1x10-7 cm/second.  There were no other indications of prior releases, failures or patchwork on the embankments. 


FRIERSWJ
Text Box
It does not appear the Ash Pond embankments were constructed over wet ash, slag or other unsuitable materials.  Soil borings performed in 1978 indicate the existing subsurface soils, in the vicinity of th Ash Pond, consist of stiff to hard clay with various amounts of silt and sand underlain by a layer of dense to very dense clayey fine sand and sandy silt.  Boring logs from a subsurface investigation completed in 2012 indicate similar soils were encountered.   



Site Name:                         Date:    
Unit Name:    Operator's Name:     
Unit I.D.:        Hazard Potential Classification: High    Significant    Low 
Inspector's Name:     

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  Any unusual conditions or 
construction practices that should be noted in the comments section.  For large diked embankments, separate checklists may be used for different 
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  18. Sloughing or bulging on slopes?   
2. Pool elevation (operator records)?    19. Major erosion or slope deterioration?   
3. Decant inlet elevation (operator records)?  20. Decant Pipes:   
4. Open channel spillway elevation (operator records)?        Is water entering inlet, but not exiting outlet?   
5. Lowest dam crest elevation (operator records)?        Is water exiting outlet, but not entering inlet?   
6. If instrumentation is present, are readings 
    recorded (operator records)?         Is water exiting outlet flowing clear?   

7. Is the embankment currently under construction?   21. Seepage (specify location, if seepage carries fines, 
and approximate seepage rate below):   

8. Foundation preparation (remove vegetation,stumps, 
topsoil in area where embankment fill will be placed)?        From underdrain?   
9. Trees growing on embankment? (If so, indicate    
     largest diameter below)        At isolated points on embankment slopes?   
10. Cracks or scarps on crest?        At natural hillside in the embankment area?   
11. Is there significant settlement along the crest?         Over widespread areas?   
12. Are decant trashracks clear and in place?        From downstream foundation area?   
13. Depressions or sinkholes in tailings surface or  
      whirlpool in the pool area?        "Boils" beneath stream or ponded water?   
14. Clogged spillways, groin or diversion ditches?         Around the outside of the decant pipe?   
15. Are spillway or ditch linings deteriorated?   22. Surface movements in valley bottom or on hillside?   
16. Are outlets of decant or underdrains blocked?   23. Water against downstream toe?   
17. Cracks or scarps on slopes?   24. Were Photos taken during the dam inspection?   
Major adverse changes in these items could cause instability and should be reported  for 
further evaluation.  Adverse conditions noted in these items should normally be described (extent, location, 
volume, etc.) in the space below and on the back of this sheet. 

Inspection Issue # Comments    
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U. S. Environmental Protection Agency
 

 
Coal Combustion Waste (CCW)

                             Impoundment Inspection 

 
 
 Impoundment NPDES Permit #  _____________________       INSPECTOR______________________ 
Date ____________________________________ 
 
Impoundment Name ________________________________________________________ 
Impoundment Company   ____________________________________________________ 
EPA Region  ___________________ 
State Agency (Field Office) Addresss  __________________________________________
                                                               __________________________________________
Name of Impoundment  _____________________________________________________ 
(Report each impoundment on a separate form under the same Impoundment NPDES 
 Permit number) 
 
New ________ Update _________       
 
         Yes  No 
Is impoundment currently under construction?         ______        ______ 
Is water or ccw currently being pumped into 
the impoundment?                       ______        ______ 
 
 
IMPOUNDMENT FUNCTION: _____________________________________________
 
 
Nearest Downstream Town :    Name ____________________________________ 
Distance from the impoundment __________________________  
Impoundment 
Location: Longitude ______ Degrees ______ Minutes ______ Seconds 
   Latitude    ______ Degrees ______ Minutes ______ Seconds 
   State _________   County ___________________________ 
 
Does a state agency regulate this impoundment?  YES ______ NO ______ 
 
If So Which State Agency?___________________________________________ 
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HAZARD POTENTIAL  (In the event the impoundment should fail, the 
following would occur): 
 
______ LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of 
the dam results in no probable loss of human life or economic or environmental 
losses. 
  
______ LOW HAZARD POTENTIAL: Dams assigned the low hazard potential 
classification are those where failure or misoperation results in no probable loss of 
human life and low economic and/or environmental losses.  Losses are principally 
limited to the owner’s property.  
  
______ SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant 
hazard potential classification are those dams where failure or misoperation results 
in no probable loss of human life but can cause economic loss, environmental 
damage, disruption of lifeline facilities, or can impact other concerns. Significant 
hazard potential classification dams are often located in predominantly rural or 
agricultural areas but could be located in areas with population and significant 
infrastructure. 
 
______ HIGH HAZARD POTENTIAL: Dams assigned the high hazard 
potential classification are those where failure or misoperation will probably cause 
loss of human life. 
 
DESCRIBE REASONING FOR HAZARD RATING CHOSEN:  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
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Failure or misoperation of the impoundment would result in 
economic loss and environmental damage.  Impoundment is located 
near facility boundary. Discharge would likely flow towards             the normally dry creeks located west of the impoundment and            onto adjacent property. Portions of the adjacent property are          used for cattle grazing and other is leased by the local mining     company. The creeks adjacent to the Plant discharge to La Parita        Creek, approximately 4.2 stream miles from the Plant. La Parita        Creek flow ultimately enters the Atascosa River, situated 
approximately 16.5 stream miles from the Plant. Also, structures supporting high Voltage overhead power line could be impacted by 
failure of impoundment.
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CONFIGURATION: 

 
 

Height 

  

original 
ground 

CROSS-VALLEY 

Height 
original 
ground 

SIDE-HILL 

Water or ccw

DIKED 

original ground 
Height 

Height 

  

original 
ground 

CROSS-VALLEY 

Water or ccw 

original 
ground 

SIDE-HILL 

Height 

 
 original 

ground 
 
 

CROSS-VALLEY  
 
 
 
 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original original 
ground ground 

SIDE-HILL SIDE-HILL 

original 
ground 

SIDE-HILL SIDE-HILL 

original 
ground Height 

SIDE-HILL SIDE-HILL SIDE-HILL 

Height Height 
original 
ground 
original 
ground Height 

SIDE-HILL 

original 
ground Height 

SIDE-HILL 

      Water or ccw 

 
original 
ground  Height 

 
 SIDE-HILL 

 
 
 
 
 
 
 

 
INCISED  

 
       Water or ccw 

original 
ground 

 
 
 
 

_____ Cross-Valley 
_____ Side-Hill 
_____ Diked 
_____ Incised (form completion optional) 
_____ Combination Incised/Diked 
Embankment Height __________ feet     Embankment Material_______________
Pool Area __________________  acres   Liner ____________________________    
Current Freeboard ___________  feet      Liner Permeability  _________________
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TYPE OF OUTLET (Mark all that apply)  

TRAPEZOIDAL
       

Avg 
Depth 

Bottom 
Width 

Depth 

 TRIANGULAR _____ Open Channel Spillway  
_____ Trapezoidal Top Width Top Width 

_____ Triangular 

RECTANGULAR IRREGULAR 

Depth _____ Rectangular 
_____ Irregular 
  
_____ depth 
_____ bottom (or average) width 

Width 

Depth 

Average Width 

_____ top width 

 
 
 

_____ Outlet 
 
_____ inside diameter    
 

 
Material Inside    Diameter 

_____ corrugated metal 
_____ welded steel 
_____ concrete 
_____ plastic (hdpe, pvc, etc.) 
_____ other (specify) ____________________ 
 

Is water flowing through the outlet?      YES _______   NO _______ 
 
 
_____ No Outlet 
 

_____ Other Type of Outlet (specify) ________________________________ 
 
 
The Impoundment was Designed By ____________________________________ 
__________________________________________________________________ 
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Has there ever been a failure at this site?   YES __________ NO ___________ 
 
If So When? ___________________________ 
 
If So Please Describe : _____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Has there ever been significant seepages  at this site?   YES _______ NO _______
 
If So When? ___________________________ 
 
IF So Please Describe:  _______________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches 
at this site?                                                                   YES ________NO ________ 
 
If so, which method (e.g., piezometers, gw pumping,...)? ____________________ 
 
If so Please Describe :  ____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Coal Combustion Dam Assessment Checklist Form 

ADDITIONAL INSPECTION QUESTIONS 

US Environmental 
Protection Agency 

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 
other unsuitable maSlterials? If there is no information just note that. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 
the foundation preparation? 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 
or patchwork on the dikes? 

11 

FRIERSWJ
Text Box
The assessor did not meet with, or have documentation from the design Engineer of Record concerning foundation preparation. 

FRIERSWJ
Text Box
There was no indication of prior releases, failures or patchwork on the embankments.

FRIERSWJ
Text Box
It does not appear the Sludge Basin embankments were constructed over wet ash, slag, or other unsuitable materials.  Soil borings performed in the vicinity of the Sludge Basin found soils consisting of stiff to hard clay with various amounts of silt and sand underlain by a layer of dense to very dense clayey fine sand and sandy silt.  Boring logs from a subsurface investigation completed in 2012 indicate similar soils were encountered. 
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Documentation from San Miguel 
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Photo No. Latitude Longitude
1 N 28 42.042' W 98 28.279'
2 N 28 42.036' W 98 28.280'
3 N 28 42.034' W 98 28.282'
4 N 28 42.029' W 98 28.279'
5 N 28 42.023' W 98 28.270'
6 N 28 42.013' W 98 28.275'
7 N 28 42.008' W 98 28.282'
8 N 28 42.002' W 98 28.278'
9 N 28 41.992' W 98 28.279'
10 N 28 41.989' W 98 28.280'
11 N 28 41.978' W 98 28.276'
12 N 28 41.974' W 98 28.267'
13 N 28 41.963' W 98 28.281'
14 N 28 41.967' W 98 28.281'
15 N 28 41.959' W 98 28.283'
16 N 28 41.952' W 98 28.280'
17 N 28 41.950' W 98 28.281'

Coordinate Units: Degrees Decimal Minutes

Appendix E
Photo GPS Locations

Site: San Miguel Electric Plant
Datum: NAD 1983

18 N 28 41.949' W 98 28.282'
19 N 28 41.945' W 98 28.286'
20 N 28 41.942' W 98 28.283'
21 N 28 41.953' W 98 28.298'
22 N 28 41.954' W 98 28.301'
23 N 28 41.952' W 98 28.314'
24 N 28 41.954' W 98 28.317'
25 N 28 41.953' W 98 28.331'
26 N 28 41.955' W 98 28.372'
27 N 28 41.950' W 98 28.383'
28 N 28 41.955' W 98 28.398'
29 N 28 41.951' W 98 28.406'
30 N 28 41.956' W 98 28.414'
31 N 28 41.949' W 98 28.437'
32 N 28 41.952' W 98 28.487'
33 N 28 41.955' W 98 28.500'
34 N 28 41.947' W 98 28.512'
35 N 28 41.949' W 98 28.512'
36 N 28 41.952' W 98 28.510'
37 N 28 41.954' W 98 28.602'
38 N 28 41.954' W 98 28.669'
39 N 28 41.956' W 98 28.690'
40 N 28 41.946' W 98 28.724'
41 N 28 41.948' W 98 28.723'
42 N 28 41.955' W 98 28.736'
43 N 28 41.954' W 98 28.734'
44 N 28 41.962' W 98 28.743'
45 N 28 41.963' W 98 28.754'
46 N 28 41.972' W 98 28.747'
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47 N 28 41.976' W 98 28.748'
48 N 28 41.979' W 98 28.747'
49 N 28 41.994' W 98 28.745'
50 N 28 41.998' W 98 28.735'
51 N 28 42.003' W 98 28.742'
52 N 28 42.008' W 98 28.752'
53 N 28 42.010' W 98 28.748'
54 N 28 42.019' W 98 28.747'
55 N 28 42.039' W 98 28.748'
56 N 28 42.031' W 98 28.754'
57 N 28 42.025' W 98 28.757'
58 N 28 42.030' W 98 28.759'
59 N 28 42.024' W 98 28.756'
60 N 28 42.025' W 98 28.756'
61 N 28 42.040' W 98 28.751'
62 N 28 42.044' W 98 28.757'
63 N 28 42.042' W 98 28.739'
64 N 28 42.047' W 98 28.714'
65 N 28 42.047' W 98 28.713'
66 N 28 42.044' W 98 28.701'
67 N 28 42.047' W 98 28.686'
68 N 28 42.042' W 98 28.570'
69 N 28 42.060' W 98 28.532'
70 N 28 42.042' W 98 28.515'
71 N 28 42.041' W 98 28.483'
72 N 28 42.044' W 98 28.462'
73 N 28 42.042' W 98 28.445'
74 N 28 42.041' W 98 28.415'
75 N 28 42.042' W 98 28.394'
76 N 28 42.041' W 98 28.359'
77 N 28 42.044' W 98 28.344'
78 N 28 41.997' W 98 28.288'
79 N 28 41.992' W 98 28.288'
80 N 28 41.993' W 98 28.297'
81 N 28 41.995' W 98 28.298'
82 N 28 41.996' W 98 28.299'
83 N 28 41.996' W 98 28.363'
84 N 28 41.996' W 98 28.370'
85 N 28 41.996' W 98 28.407'
86 N 28 41.995' W 98 28.438'
87 N 28 41.996' W 98 28.511'
88 N 28 41.996' W 98 28.513'
89 N 28 41.998' W 98 28.575'
90 N 28 41.999' W 98 28.643'
91 N 28 41.997' W 98 28.656'
92 N 28 41.998' W 98 28.706'
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93 N 28 41.972' W 98 28.143'
94 N 28 41.994' W 98 28.151'
95 N 28 41.998' W 98 28.154'
96 N 28 42.000' W 98 28.152'
97 N 28 41.999' W 98 28.141'
98 N 28 42.011' W 98 28.142'
99 N 28 42.012' W 98 28.142'
100 N 28 42.015' W 98 28.141'
101 N 28 42.017' W 98 28.138'
102 N 28 42.020' W 98 28.139'
103 N 28 42.020' W 98 28.136'
104 N 28 42.038' W 98 28.144'
105 N 28 42.038' W 98 28.146'
106 N 28 42.047' W 98 28.160'
107 N 28 42.050' W 98 28.160'
108 N 28 42.064' W 98 28.138'
109 N 28 42.073' W 98 28.130'
110 N 28 42.081' W 98 28.133'
111 N 28 42.115' W 98 28.131'
112 N 28 42.130' W 98 28.132'
113 N 28 42.134' W 98 28.125'
114 N 28 42.144' W 98 28.139'
115 N 28 42.153' W 98 28.138'
116 N 28 42.168' W 98 28.137'
117 N 28 42.186' W 98 28.157'
118 N 28 42.191' W 98 28.164' 
119 N 28 42.219' W 98 28.189'
120 N 28 42.234' W 98 28.180'
121 N 28 42.253' W 98 28.183'
122 N 28 42.234' W 98 28.143'
123 N 28 42.227' W 98 28.137'
124 N 28 42.227' W 98 28.134'
125 N 28 42.241' W 98 28.089'
126 N 28 42.232' W 98 28.096'
127 N 28 42.229' W 98 28.097'
128 N 28 42.226' W 98 28.079'
129 N 28 42.228' W 98 28.055'
130 N 28 42.241' W 98 28.012'
131 N 28 42.246' W 98 27.992'
132 N 28 42.239' W 98 28.000'
133 N 28 42.218' W 98 28.002'
134 N 28 42.218' W 98 28.013'
135 N 28 42.196' W 98 28.011'
136 N 28 42.103' W 98 28.078'
137 N 28 42.100' W 98 28.083'
138 N 28 42.070' W 98 28.057'
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139 N 28 42.028' W 98 28.012'
140 N 28 42.014' W 98 28.009'
141 N 28 41.972' W 98 28.015'
142 N 28 41.959' W 98 28.015'
143 N 28 41.963' W 98 28.038'
144 N 28 41.964' W 98 28.038'
145 N 28 41.970' W 98 28.032'
146 N 28 41.964' W 98 28.049'
147 N 28 41.968' W 98 28.089'
148 N 28 41.965' W 98 28.103'
149 N 28 41.958' W 98 28.139'
150 N 28 41.989' W 98 28.137'
151 N 28 41.989' W 98 28.141'
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11 British American Boulevard, Suite 200 

Latham, New York 12110 

tel: 518-782-4500 

fax: 518-783-3810 

 

Memorandum 

To:   Jana Englander 

From:   William J. Friers 

Date:    April 28, 2014 

Subject:  Round 12, Revised Final Report – San Miguel Electric Plant 

 

Please find attached a copy of the CCW Impoundment Final Report for San Miguel Electric Plant (Round 12, 

CLIN 020). This Final Report has been revised to address the comments received from the EPA and the 

Plant Owner, San Miguel Electric Co-op, as noted below. 

San Miguel Electric Co-op Comment No. 1 - In numerous places in the report it is stated that the level in the 

pond was one foot above the target pool elevation. This is incorrect. The Ash Water Transport Pond was 

below the target pool elevation per the operator log of August 30, 2012.  

CDM Smith Action - CDM Smith has revised the report to reflect that the Ash Water Transport Pond was 

below the target pool elevation.  

San Miguel Electric Co-op Comment No. 2 – Appendix C to the report contains an Impoundment Inspection 

form for both the Ash Water Transport Pond and the Sludge Disposal Basin. Under the heading “Reasoning 

for Hazard Rating Chosen” for both impoundments, it is incorrectly stated that liquids would likely flow to 

the Atascosa river located 1.3 miles from the plant site. The Atascosa River is located approximately 16.5 

stream miles from the plant. The flow path to get to the Atascosa River would be first to the normally dry 

Souse Creek, then to the La Parita Creek approximately 4.2 miles stream miles from the power plant and 

ending at the Atascosa River. We respectfully ask that the distance to the Atascosa River be modified to 

reflect that the river is approximately 16.5 miles from the plant, and that Hazard Rating be reconsidered. 

CDM Smith Action - CDM Smith revised the report to indicate discharges from the impoundments would 

first enter normally dry creeks adjacent to the plant and then enter La Parita Creek approximately 4.2 

stream miles from the plant before reaching the Atascosa River 16.5 stream miles from the Plant.   

CDM Smith reevaluated the Hazard Ratings assigned to the Ash Water Transport Pond and the Sludge 

Disposal Basin and found the assigned Significant Hazard potential classifications to be appropriate for 

both impoundments.  While the failure or misoperation of either CCW impoundment will result in no 

probable loss of human life, failure or misoperation can cause economic loss, environmental damage or 

disruption of lifeline facilities.   



 

 
CCW Impoundment Condition Assessment Report 
San Miguel Electric Plant (Round 12, CLIN 020) 
Page 2 
 

 

San Miguel Electric Co-op Comment No. 3 –Section 1.3.1.2:  Correct pond elevation to 1 inch below target 

pool elevation. We believe that this modification would change the hydrologic/hydraulic safety 

determination to “adequate.” Suggested changes follow: 

“No hydrologic and hydraulic information was provided by San Miguel to indicate CCW impoundments 

hydrologic/hydraulic safety. A target pool elevation of at least 18 inches of freeboard at both the Ash Pond 

and Sludge Basin was the only hydraulic information provided by San Miguel. The Ash Pond was 1 inch 

below the target pool elevation during the site assessment and no hydrologic/hydraulic documentation 

was provided, the hydrologic/hydraulic safety is judged to be adequate.” 

CDM Smith Action - CDM Smith has revised Section 1.3.1.2 of the report to reflect that both the Sludge Basin 

and the Ash Water Transport Pond were below the target pool elevation. 

San Miguel Electric Co-op Comment No. 4 –Section 1.3.1.6:   Since the water levels were below the target 

pool level, everything in the first paragraph after the words “generally adequate” should be deleted. 

Suggested changes follow: “Current maintenance and operation procedures appear to be generally 

adequate”.   

CDM Smith Action - CDM Smith revised Section 1.3.1.6 of the report, stating that current maintenance and 

operating procedures appear adequate. 

San Miguel Electric Co-op Comment No. 5 –Section 1.3.1.7: Add to the first sentence, “by the environmental 

engineer and levels are checked by the operation department six times daily”. Correct the sentence on high 

water level in the ash pond. Provide information on local level gauges at the ponds. We believe that these 

modifications change the conclusion regarding more detail and/or frequent inspections and ask that you 

reconsider that conclusion. Suggested changes follow: 

Surveillance and monitoring procedures include checking the impoundments for leaks or deficiencies, and 

recording pool levels for both the Ash Pond and Sludge Basin once a week by the environmental engineer 

and levels checks six times daily by the operations department. There is no remote instrumentation only 

local level gauges for the Ash Pond or and Sludge Basin. Because of erosion into the Ash Pond’s east 

embankment slope from a leaking pipe, the surveillance and monitoring program should be revised to 

include more-detailed inspections. 

CDM Smith Action - CDM Smith revised Section 1.3.1.7 to say pool levels for both the Ash Pond and Sludge 

Basin are checked once a week by the environmental engineer and levels checks are made six times daily 

by the operations department.    

San Miguel Electric Co-op Comment No. 6 –Section 2.1: 2nd paragraph, sixth line, change to, “Ash Pond was 

last dredged in2005.” 

CDM Smith Action - CDM Smith revised Section 2.1, as per Comment No. 6.    
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San Miguel Electric Co-op Comment No. 7 –Section 2.2: The ash pond does not receive liquids from the 

scrubber discharge. In the first paragraph second line, delete the words, “scrubber discharge”. 

CDM Smith Action - CDM Smith revised Section 2.2, as per Comment No. 7.   

San Miguel Electric Co-op Comment No. 8 – Section 2.2.1: The following statement is made: “From the fly 

ash silo the fly ash can be sold (as a Portland cement substitute) or mixed with the scrubber sludge to be 

disposed of in the mine.” Modify sentence as follows: “From the fly ash silo the fly ash is sold (as a Portland 

Cement substitute) or mixed with the scrubber sludge for placement in the mine for reclamation purposes.” 

CDM Smith Action - CDM Smith revised Section 2.2.1, as per Comment No. 8. 

San Miguel Electric Co-op Comment No. 9 – Section 2.2.2: Modify “The dewater bottom ash is loaded into 

trucks and disposed of in the mine” to “The dewatered bottom ash is loaded into trucks and placed in the 

mine for reclamation purposes.” 

CDM Smith Action - CDM Smith revised Section 2.2.2, as per Comment No. 9. 

San Miguel Electric Co-op Comment No. 10 - Section 2.2.4: Modify “The solids (75 to 80% solid) are then 

mixed with the fly ash so the dry mixture can be disposed of in the mine” to “The solids (75 to 80% solid) 

are then mixed with the fly ash so the dry mixture can be placed in the mine for reclamation purposes.” 

CDM Smith Action - CDM Smith revised Section 2.2.2, as per Comment No. 10. 

San Miguel Electric Co-op Comment No. 11 - Section 2.3, Table 2-3: We do not believe there would be any 

economic or environmental damage to the Atascosa River. We suggest the wording in the first bullet to be 

modified as follows: Failure or miss-operation could result in economic and environmental damage to the 

adjacent creek. Based on the above discussion, we also ask that the Hazard Rating be reconsidered. 

CDM Smith Action - CDM Smith deleted reference to the Atascosa River in Section 2.3, Table 2-3. CDM Smith 

reevaluated the Hazard Ratings assigned to the Ash Water Transport Pond and the Sludge Disposal Basin 

and found the assigned Significant Hazard potential classifications to be appropriate for both 

impoundments.  While the failure or misoperation of either CCW impoundment will results in no probable 

loss of human life, failure or misoperation can cause economic loss, environmental damage, or disruption of 

lifeline facilities.   

San Miguel Electric Co-op Comment No. 12 - Section 2.6: In first paragraph, first sentence after “Atascosa 

River” add, “which is approximately 16.5 stream miles from the Plant.” Change wording in the other 

paragraphs to delete “Atascosa River”. Suggested changes follow: 

Based on available topographic maps, surface drainage in the vicinity of the San Miguel Electric Plant 

appears to be to the northwest towards creeks that flow to the Atascosa River, which is approximately 16.5 

steam miles from the Plant. Critical infrastructure identified within five miles downgradient of the Plant 

includes overhead high voltage power lines. No schools, hospitals, waterways, roadways and bridges, and 
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other major facilities were identified within five miles of the Plant site. Places of worship shown on Figure 

2-1 are more than 5 miles from the Plant and are not downgradient of the impoundments. 

Discharge from both impoundments would likely flow directly into the dry creeks located south of the Ash 

Pond and west of the Sludge Basin. The dry Creeks adjacent to the Plant site discharge into the LaParita 

Creek approximately 4.2 miles from the Plant. High voltage power lines are located adjacent to both the Ash 

Pond and Sludge Basin, between the impoundment and creeks. 

Liquids discharged from a breach of the impoundment embankments would likely result in economic and 

limited environmental damage to Plant property, adjacent rural property, adjacent creek and is not 

expected to result in loss of human life.  

CDM Smith Action - CDM Smith has revised Section 2.6 of the report, stating drainage in the vicinity of the 

San Miguel Electric Plant appears to be to the northwest towards Souse Creek and La Parita Creek and that 

Souse Creek and La Parita Creek flows ultimately discharge to the Atascosa River, approximately 16.5 

stream miles from the plant.  CDM Smith cannot assess the extent of environmental damage that may result 

from a breach of one of both impoundments and therefore did not insert the word” limited” in the last 

paragraph of the section as suggested by the San Miguel Electric Co-op.    

San Miguel Electric Co-op Comment No. 13 - Section 4.2.3: In paragraph following Table 4-1, change the 

wording in second line to, “in 2010 sludge was partially excavated from the Sludge Basin. 

CDM Smith Action - CDM Smith revised Section 4.2.3, as per Comment No. 13.  

San Miguel Electric Co-op Comment No. 14 - Section 5.3.4: Please add the following clarification at the end 

of the paragraph, “Both of these outlets are pumped to the Ash Water Transport Pond for recycling of the 

water.” 

CDM Smith Action - CDM Smith revised Section 5.3.4, as per Comment No. 14.  

San Miguel Electric Co-op Comment No. 15 - Section 8.1: 2nd paragraph fourth line change, “…Ash Pond or 

reuse…” to “Ash Pond for reuse…” 

CDM Smith Action - CDM Smith revised Section 8.1, as per Comment No. 15.  

San Miguel Electric Co-op Comment No. 16 - Section 8.3.1: Since the pond level was below the target pool 

elevation the last two sentences should be deleted. Suggested changes follow: “Based on CDM Smith’s visual 

observations and review of documents provided by San Miguel, operating procedures appear to be 

generally adequate for the impoundments”.  

CDM Smith Action - CDM Smith revised Section 8.1, as per Comment No. 16.  

San Miguel Electric Co-op Comment No. 17 - Section 8.3.2: Since there wasn’t a high level in the ash pond, 

the following words should be deleted from the 1st line in the 1st paragraph, “a high water level in the 
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impoundment,” The sentence, therefore, should read: “Maintenance issues at the Ash Pond included an area 

of erosion at the east…” 

CDM Smith Action - CDM Smith revised Section 8.3.2, as per Comment No. 17. 

San Miguel Electric Co-op Comment No. 18 - Section 9.1: We request modification to the first paragraph to 

correct the frequency of times the impoundment levels are monitored. Suggested changes follow: 

The surveillance procedures include the measurement of water levels and checking for leaks or other 

deficiencies at each of the impoundments. Water levels are measured and recorded six times daily for the 

Ash Pond and Sludge Basin by the operations department. Water levels are measured from a reference 

level at 18 inches of freeboard at each impoundment. Documentation of the water levels includes a 

checklist report, performed once a week by the Plant Environmental Engineer, with water level and 

whether leaks or other deficiencies were observed in each impoundment. Checklists from August 2012 are 

included in Appendix D. 

CDM Smith Action - CDM Smith revised Section 9.1, as per Comment No. 18. 

San Miguel Electric Co-op Comment No. 19 - Section 9.3.1: 1st line delete the words, “high level in the ash 

pond and”. We do not believe the “more-frequent” inspection in 3rd line is justified so those words should 

also be deleted. Suggested changes follow: 

Because of the erosion into the Ash Pond’s east embankment slope from a leaking pipe, the surveillance and 

monitoring program should be revised to include more-detailed inspections. The area of potential seepage 

at the west embankment exterior slope of the Ash Pond should be investigated and monitored. 

CDM Smith Action - CDM Smith revised Section 9.3.1, as per Comment 19.    

San Miguel Electric Co-op Comment No. 20 - Appendix C, checklist for Ash Water Transport Pond: 

Inspection issue, #6. Should read, “water level is measured six times daily from a float referenced to 18” 

freeboard” 

CDM Smith Action - CDM Smith revised Appendix C, as per Comment No. 20. 

San Miguel Electric Co-op Comment No. 21 - Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Ash water Transport Pond: page 2, changes to Description for Hazard Rating Chosen: Request 

the following changes/correction: 

Failure or misoperation of the impoundment would result in economic loss and environmental damage. 

Impoundment is located near facility boundary.  Adjacent property includes cattle fields and property 

leased by the local mining. Liquids would likely flow towards the Atascosa River, situated approximately 

16.5 stream miles northeast of the San Miguel Plant. Also, structures supporting high voltage power line 

would possibly be impacted by failure of impoundment. 
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CDM Smith Action - CDM Smith revised Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Ash water Transport Pond page 2 to indicate discharges from the impoundment would first 

enter normally dry creeks adjacent to the plant and then enter La Parita Creek approximately 4.2 stream 

miles from the plant before reaching the Atascosa River 16.5 stream miles from the Plant.      

San Miguel Electric Co-op Comment No. 22 - Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Ash Water Transport Pond: page 3, current freeboard should be corrected to “-1 inch “. 

CDM Smith Action - CDM Smith revised Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Ash Water Transport Pond page 3 , “Current Freeboard” to 1.5 feet based on  a pool elevation of 

approximately 313.5’ at the time of the inspection and a crest elevation of 315.0’.   

San Miguel Electric Co-op Comment No. 23 - Appendix C, checklist for Sludge Disposal Basin: Inspection 

issue, #6. Should read, “water level is measured six times daily referenced to 18” freeboard” 

CDM Smith Action - CDM Smith revised Appendix C, as per Comment No. 23. 

San Miguel Electric Co-op Comment No. 24 - Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Sludge Disposal Basin: page 2, changes to Description for Hazard Rating Chosen: Request the 

following changes/correction: 

Failure or misoperation of the impoundment would result in economic loss and environmental damage. 

Impoundment is located near facility boundary.  Adjacent property includes cattle fields and property 

leased by the local mining. Liquids would likely flow towards the Atascosa River, situated approximately 

16.5 stream miles northeast of the San Miguel Plant. Also, structures supporting high voltage power line 

would possibly be impacted by failure of impoundment 

CDM Smith Action - CDM Smith revised Appendix C, Coal Combustion Waste (CCW) Impoundment 

Inspection, Ash water Transport Pond page 2 to indicate discharges from the impoundment would first 

enter normally dry creeks adjacent to the plant and then enter La Parita Creek approximately 4.2 stream 

miles from the plant before reaching the Atascosa River 16.5 stream miles from the Plant.   

EPA Comment No. 1 -   Please document CDM Smith’s position that the hydraulic/hydraulic safety of the 

impoundments is inadequate.  

CDM Smith Action – San Miguel Electric Co-op’s Environmental Engineer monitors and documents the Ash 

Water Transport Pond and Sludge Disposal Basin water levels on a weekly basis.  Documentation of the 

water levels includes a checklist report, with water levels and whether leaks or other deficiencies were 

observed in each impoundment. Additionally, water levels are measured and recorded six times daily for 

the Ash Pond and Sludge Basin by the operations department. Water levels are measured from a reference 

level at 18 inches of freeboard at each impoundment.  Although the impoundments are monitored on a 

consistent basis, no hydraulic/hydraulic analysis was provided to confirm the impoundments can store a 

50% Probable Maximum Precipitation event without overtopping.    
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Please call or email with any questions. 

Sincerely, 

 

William J. Friers, P.E. 
Senior Civil Engineer 
CDM Smith 
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