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ENGINEERING REPORT 
 

COAL REFUSE DISPOSAL AREAS  
CONCORD PREPARATION PLANT 

CLIFFS NATURAL  RESOURCES – OAK GROVE MINE 
JEFFERSON COUNTY, ALABAMA 

 
EXPANSION EASTWARD TO SITE 3a FOR CCR DISPOSAL 

 

1.0 GENERAL INFORMATION 

Marshall Miller and Associates (MMA) has prepared this Engineering Report for a 

proposed plan (Plan) for expansion eastward to Site 3a for coarse coal refuse (CCR) 

disposal at the Oak Grove Resources LLC (OGR) Concord Preparation Plant in Jefferson 

County, Alabama.  This report encompasses the features of work that are necessary to 

prepare the sites being modified for coal refuse disposal, including: 

 Implementation of local erosion and sedimentation controls (E&SC);   

 Development of access and haul roads; 

 Storm drainage controls (channels/ditches and culverts);  

 Related tasks necessary to prepare the sites for coal refuse disposal. 

Refuse disposal requirements, instrumentation, and abandonment capping details and 

storm water drainage controls are addressed in the existing, previously approved, 

documents: (1) Report – Proposed Coal Refuse Disposal Area – Expansion Plan, Project 

No. 90-555-27, September 1991 by Almes and Associates (Almes, 1991) and (2) Oak 

Grove Resources, LLC – Concord Preparation Plant – Refuse Disposal Area Expansion 

by PERC Engineering Co., Inc. (PERC, 2007).  The requirements of these previously 

approved plans remain in affect except as modified herein. 

 

 

 

1.1 OVERVIEW OF PROPOSED  PLAN 

The existing conditions are shown on Figure 2 and the overall proposed expansion plan 

and site designations are shown on the Key Plan, Figure 3 located in Appendix A.     
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On the east side of Site 2c, a new, larger coarse refuse buttress will be  constructed in the 

area labeled Site 3a (Figure 3).  This coarse refuse buttress will enlarge the foot print of 

the refuse facility to the east and will require a new haul road, additional drainage 

controls and additional environmental permitting.  Others will address the environmental 

permitting issues associated with the Site 3a expansion with the Alabama Surface Mining 

Commission (ASMC).  McGehee Engineering Company, MEC, has designed the E&SC 

measures, including two new ponds that will receive the runoff from the Site 3a 

embankment.  The MEC design information is included for reference in Appendix D. 

 

Drainage control for the entire site will be slightly modified with some new diversion 

ditches and riprapped flumes.  Overall these changes will be relatively minor: a new haul 

road at Site 2b and surface drainage structures and a new haul road at Site 3a.  These 

items are included in this Plan and will comply with current criteria of the Mine Safety 

and Health Administration (MSHA) and ASMC.  

 

The following companion documents are enclosed in support of the Plan for the proposed 

expansion of Site 3a (CCR): 

 Figures 1-4, 9, 10, 12, 13, 15  (Design Drawings) – Appendix A  

 Guideline Technical Specifications – Appendix B 

 Calculation Brief – Appendix C 

 Geotechnical Data and Laboratory Testing Reports – Section B, Calculation Brief 
Appendix C 

 MEC Calculations– Appendix D 

Together these documents comprise the engineering submission for the proposed Plan.  

Figures 2, 3, and 9, Appendix A, present an existing conditions plan, an  overall key plan 

of the proposed expansion and the final disposal configurations for Site 3a.  Several 

concepts for the final reclamation and abandonment of the sites are proposed, the details 

of which will be developed and finalized prior to abandonment.  Two of the three 

abandonment options are very similar to what is currently shown in the approved Almes, 

1991 and PERC, 2007 plans. 
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1.2 FACILITY IDENTIFICATION [§ 77.216-2(A) (1)] 

Oak Grove Resources, LLC (OGR) is currently operating the Concord Refuse Disposal 

Facility (Facility) Facility ID No.  01-00329.  The MSHA ID Numbers are: 1211-AL11-

00043-02 (Site 2c - CCR Disposal).  OGR is seeking the approval of MSHA and ASMC 

for the modification to its currently approved plan as defined by Almes, 1991 and PERC, 

2007.  The Facility is operated by: 

 

Oak Grove Resources LLC 

8800 Oak Grove Mine Road 

Adger, AL 35006 

Contact: Mr. Ralph Lopez 

Telephone: (205) 497-3615 

1.3 SITE LOCATION [§ 77.216-2(A) (2)] 

The Facility is located in Jefferson County, approximately 0.5 miles North of Hueytown, 

AL off of Warrior River Road, towards Concord, AL. OGR owns the surface property 

within the existing and proposed permit boundary. This Facility has been previously 

operated by other mining companies since the earlier 1950’s.  

1.4 FACILITY PURPOSE [§ 77.216-2(A) (3)] 

The proposed expansion of the Facility is necessary for the continued operation of the 

Oak Grove Mine and Concord Preparation Plant.   After evaluating the proposed coal 

production from this facility, OGR has requested that its life be extended for continuous 

operation until early 2020 . Various options were evaluated by MMA to expand the life 

of the refuse facility.  Some options could have added several years in excess of the 

minimum required life, but those options would have resulted in a much larger footprint 

than the currently proposed Plan. The larger footprint would require considerable 

additional acreage.   All of these options were evaluated and it was determined that the 

currently proposed Plan would minimize the impacts associated with all of these 

variables while satisfying operational needs of the Facility.   



  Cliffs OGR Refuse Facility Expansion 
Engineering Report 
 ASMC, 3A ONLY 

Page 4 of  18 

 

 

1.5 WATERSHED INFORMATION [§ 77.216-2(A) (4)] 

The existing refuse facility area is located on the drainage divide between two unnamed 

tributaries of Lick Creek. A freshwater reservoir (Impoundment 1), used as water supply 

for the coal preparation plant, is located on the head waters of the unnamed tributary 

along the west side of the Facility. The Concord coal preparation plant is located on the 

north side of the Facility and a series of sedimentation ponds, water treatment ponds and 

associated features are located on the east side. These will be excavated and restored to 

competent material during the Site 3a buttress construction, as required in the Guideline 

Technical Specifications, Appendix B. 

1.6 EFFECTS OF UNDERGROUND MINE WORKINGS [§ 77.216-2(A) (13 & 14)] 

Documentation of previous mining beneath the Facility is included on Figure 2.  The 

abandoned mine works lies approximately 600 feet below natural grade. The impact of 

mine works under this facility has been previously studied and included with previously 

approved expansion plans (Almes, 1991). The summary within the Almes report 

indicates “future subsidence affects are unlikely since the majority of subsidence in this 

area has probably already occurred.”   

The east buttress area at Site 3a will expand  the CCR disposal footprint slightly to the 

east, over abandoned mining areas.  Since Site 3a is only being proposed as a coarse 

refuse disposal area, no impacts due to the underlying mining are anticipated in this area.  
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2.0 FOUNDATION CHARACTERISTICS 

2.1 SITE EXPLORATION [§ 77.216-2(A) (5)] 

The exploration program undertaken by MMA in the Spring of 2011 is presented on 

Figure 4.  The previous studies and expansion plan designs (Almes, 1991 and PERC, 

2007) already have addressed the existing CCR dams and embankments and downstream 

stability. 

In Site 3a, three (3) conventional test borings (MMA-9 through MMA-11) were 

performed to explore the existing foundation conditions around the area of proposed 

expansion.  Southern Earth Sciences, Inc. (SESI) performed the drilling and cone 

penetrometer testing on the project, under the supervision of MMA personnel.   

Standard Penetration Testing (SPT), undisturbed piston-tube sampling of FCR and native 

soil, and selective rock coring (to confirm bedrock) were performed in the conventional 

borings. Section B – Geotechnical Properties of the Calculation Brief, Appendix C 

includes: 

1. Excerpts of previous design information from the Almes,1991 and PERC, 2007 

expansion plans; 

2. Survey data, exploration information, key elevations, and a report of the SPT-

system Energy Transfer for the two drilling rigs employed by SESI (Diedrich B-

50 and CME 45-B); 

3. Boring logs; 

4. SPT data, including raw blow counts (N-values) and corrected N-values from N1 

through N1,60(cs) (overburden, energy transfer, and clean sand corrections); 

5. Laboratory Test results, including index and shear strength testing results; and 

2.2 REGIONAL GEOLOGY [§ 77.216-2(A) (5)] 

The regional geology was previously presented in the Almes,1991 Engineering Report. 
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2.3 SITE FOUNDATION SOILS [§ 77.216-2(A) (5)] 

2.3.1 Description 

Site 3a (CCR): 

In Site 3a, Borings MMA-9 and MMA-11 encountered native foundation soils consisting 

of moist, stiff to very stiff clay to sandy clay underlain by dense sand.  In MMA-9, 

medium dense CCR was encountered above the native foundation level.  Weathered 

bedrock, characterized as dense to very dense highly weathered sandstone, was 

encountered immediately below existing CCR in MMA-10.  Similar to Site 2a & 2b, a 

native soil layer with shear strength lower than the overlaying CCR was not encountered 

in any of these borings. 

2.3.2 Design Parameters 

Pertinent geotechnical design parameters are summarized in Table B-1, Calculation Brief 

Section B, Appendix C.  The design parameters for native foundation materials were 

selected based on the results of the recent subsurface exploration and laboratory 

geotechnical testing, typical values for similar materials, previously obtained data, and 

MMA’s experience with similar materials.  For consistency with the Almes 1991 design 

(refer to Table B-2 in Section B1.1 of Calculation Brief), MMA presumed the existence 

of a native foundation soil layer with lower shear strength (effective stress friction angle 

of 31 degrees), although a lower shear strength native layer was not encountered in 

MMA-1 through MMA-11.  Bedrock/Weathered Rock properties were selected to 

effectively represent bedrock as a limiting boundary for slope stability analyses.  The 

foundation rock is markedly stronger than the embankment materials, such that the 

bedrock does not influence slope stability.  The critical slope stability failure surfaces are 

confined to the embankment, and foundation soils (where present). 

The design parameters for CCR coal refuse materials are discussed in Section 3.0 

Embankment Characteristics. 



  Cliffs OGR Refuse Facility Expansion 
Engineering Report 
 ASMC, 3A ONLY 

Page 7 of  18 

 

 

3.0 EMBANKMENT CHARACTERISTICS 

3.1 COAL REFUSE MATERIALS [§ 77.216-2(A) (6)] 

3.1.1 Description of Materials 

The cross section locations are labeled in plan on Figure 9 and shown on Figures 12 & 

13.  The cross sections are the same as Almes, 1991 although E has been extended 

eastward into Site 3a.  They identify the foundation materials encountered in the recent 

site exploration (Spring 2011) and ascertained from the previous Almes,1991 and PERC, 

2007 studies SPT, and laboratory test data for materials recovered from Site 3a are 

summarized in Section B of the Calculation Brief, Appendix C.  

3.1.2 Design Properties 

The design unit weights, effective stress and total stress shear strength properties, and 

hydraulic properties for pertinent materials within the 3a site foundation are summarized 

in Table B-1, Section B of the Calculation Brief (Appendix C) along with supporting 

data. 

The design effective stress shear strength properties for CCR are based on SPT-based 

correlation, , laboratory testing, and previously reported data.  Notably, the present 

evaluations and data support higher effective stress shear strength properties for CCR 

than applied in the Almes 1991 design (refer to Table B-2 in Section B1.1 of Calculation 

Brief).  Undrained conditions are typically not applicable to CCR because of its granular, 

cohesionless nature and drainage characteristics; and therefore, were not characterized. 
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4.0 FACILITY LAYOUT AND OPERATION 

4.1 GENERAL BACKGROUND 

Figure 3 provides the overall Key Plan for the proposed expansion of Site 3a.  The Plan 

also discusses a proposed construction sequence for accomplishing the planned 

development.  The proposed Plan primarily involves: 

 Implementation of local erosion and sedimentation controls (E&SC); 

 Development of modified access and haul road system; 

 Construction of the Site 3a CCR disposal area; 

 Discussion of the final abandonment cover and storm drainage controls. 

4.2 HAUL ROADS AND ACCESS ROADS [§ 77.216-2(A) (7)] 

The proposed major access road and haul road are shown on the Site 3a Figures 9 and 10.   

Haul roads were configured with a maximum grade of 10 percent, transverse slope of 2 to 

5 percent, an appropriate traffic width, surface drainage collection ditches and outslope 

berms.  Figure 10 includes plans, profiles, and representative cross sections detailing 

Haul Roads No. 2. 
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5.0 IMPOUNDMENT HYDRAULIC & HYDROLOGIC DESIGN                                                

[§ 77.216-2(A) (7 & 12)] 

5.1 GENERAL CONSTRUCTION SEQUENCE  

This general construction sequence is suggested, but many of the tasks may be done 

concurrently or in different order, depending upon the amount of coarse refuse and fine 

refuse production from the preparation plant.  The construction shall be in accordance 

with the Guideline Technical Specifications (GTS).  The General Construction Sequence, 

is as follows: 

Site 3a 

 Excavate and backfill existing five (5) drying ponds. 

 Construct Haul Road No. 2 

 Construct two new sediment Ponds B and C  

 Eliminate existing sediment ponds 3A, 3B and Basin 018E 

 Place coarse refuse. 

 Install and maintain surface drainage controls as needed.  
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6.0 EROSION AND SEDIMENT CONTROLS (E&SC) 

6.1 EXISTING SEDIMENTATION PONDS 

The existing sedimentation ponds will remain in place during the construction of the 

proposed Plan until the construction of Site 3a is ready to begin.  Once the ASMC permit 

is approved, two new sedimentation ponds (Ponds B & C) will be constructed to the east 

of the three existing sediment ponds (Ponds 3A, 3B and Basin 018E) currently used to 

control runoff. The two new sedimentation ponds and associated drainage channels, 

which were design by McGehee Engineering Corporation (MEC), to conform to the 

ASMC regulations, are provided for reference in Appendix D. 

Runoff from the new Site 3a embankment will be directed to these ponds. 

6.2 LOCAL EROSION AND SEDIMENT CONTROLS 

Local E&SC measures will be of the same types as currently specified by Almes, 1991 

and PERC, 2007.  Details of the new ditches and flumes associated with this Plan (Site  

3a) are provided on Figure 15.  Also, see Section F of the Calculation Brief. 

Hydraulic Capacity 

Permanent channels are designed to convey the peak runoff rate due to a Type II, 24-hour 

duration, 100-year recurrence interval design storm, per MSHA guidelines.   

Freeboard 

The freeboard depth for each channel was determined as recommended by the MSHA 

Engineering and Design Manual for Coal Refuse Disposal Facilities  as follows: 

Freeboard = C + 0.025VD⅓    (feet) where, 

C= 0.25 feet for minor channels or, 

C = 1.0 feet for more critical channels 

A minimum of one foot of freeboard was provided in all cases. 

 



  Cliffs OGR Refuse Facility Expansion 
Engineering Report 
 ASMC, 3A ONLY 

Page 11 of  18 

 

 

 

Channel Linings    

All permanent drainage structures have been provided with the appropriate protections to 

minimize the potential for channel erosion. If velocities exceeded 5.0 feet per second 

then riprap channel lining protections were used. The two primary types of channel lining 

prescribed for the project are: 

 Vegetated Channel Linings (i.e., grass-lined used on gutter drains)  
 Riprap (used on haul road/down drains) 

6.3 MISCELLANEOUS BEST MANAGEMENT PRACTICES (BMPS) 

Other miscellaneous E&S control structures will be implemented during the initial site 

development and CRDA construction and operation, as needed.  These structures 

include: 

 Coarse aggregate surfacing will be provided on permanent access and haul road 

corridors, and on construction support and staging areas to stabilize the areas and 

reduce erosion. 

 Rock construction entrances will be constructed/maintained at the main site 

access points to reduce the transport of sediment away from the permitted work 

area. 

 Fill slopes will be covered with topsoil (where the fill soil is not suitable for direct 

vegetation) and be vegetated, as soon as practical, to reduce erosion potential. 

 Similarly, soil cut slopes will be directly seeded as soon as practical following 

completion. 

 Temporary siltation measures such as siltation fences, straw bales,  and/or 

temporary sumps may be used as necessary for erosion protection.  
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7.0 GEOTECHNICAL ANALYSES AND DESIGN 

7.1 EMBANKMENT SEEPAGE CONTROL [§ 77.216-2(A) (6 & 7)] 

7.1.1 Monitoring 

Seepage will be monitored by observation of the piezometers, during the MSHA 7-day 

inspections.  The locations and details of the piezometers and weirs are given on Figure 

4.  

7.2 EMBANKMENT SLOPE STABILITY [§ 77.216-2(A) (13)] 

  A summary Results of Analysis, Section 7.2.3 is provided below.  Detailed results are 

provided in Section E of the Calculation Brief, Appendix C.  The findings reported in this 

section pertain to the final embankment configurations of Site 3a. 

7.2.1 Methods of Analysis and Assumptions  

Slope stability analyses were performed for the outslope of the Site 3a disposal 

embankment buttress for pertinent conditions using the slope stability module of the 

computer program SLIDE version 6.0 by Rocscience, Inc.  The slope stability analyses 

evaluated the final embankment configurations.   

Only steady-state (static) conditions were analyzed for the Site 3a (CCR) disposal 

embankment.  Where foundations soils were encountered in Site 3a, the soils are 

predominantly sandy and do not pose a risk of undrained failure during construction or at 

the end-of-construction. 

7.2.2 Conditions Analyzed and Required Factors of Safety 

The cases/conditions that were evaluated and the required factors of safety are 

summarized in the table below. 
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CASE/CONDITION REQD SAFETY FACTOR 

Static/Steady-State Seepage 1.5 

Seismic (or Post-Earthquake)(1) 1.2 

also see MSHA Manual Chapter 7 

NOTES: 

(1) Based on the current MSHA design manual, seismic stability is satisfied via 
conformance with the static stability design requirements in cases where there are 
no materials susceptible to earthquake-induced strength loss within the 
embankments or their foundations. 

7.2.3 Results of Analysis 

As reflected by the supporting calculations, the proposed embankment configurations 

satisfy the required minimum slope stability safety factors previously listed for all 

cases/conditions analyzed. 

For the Site 3a (CCR) disposal embankment, the minimum factor of safety calculated for 

long-term/steady-state (static) conditions for a slip surface that comprises the entire 

embankment outslope is 1.9 at Cross Section Z-Z. 

Refer to Section E of the Calculation Brief in Appendix C for detailed results of the slope 

stability analyses. 



  Cliffs OGR Refuse Facility Expansion 
Engineering Report 
 ASMC, 3A ONLY 

Page 14 of  18 

 

 

8.0 INSTRUMENTATION [§ 77.216-2(A) (8)] 

There are thirteen (13) standpipe piezometers proposed going forward for this facility at 

the locations shown on Figure 4.  All piezometers were restored or installed in the 

Summer of 2012.  

A graphic display or tabulation of the 7-day MSHA impoundment inspection piezometer 

readings along with the trigger levels shall be kept file at the mine office for easy access 

and review. 
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9.0 MONITORING AND MAINTENANCE [§ 77.216-2(A) (8 & 15)] 

Coal Refuse Quantities 

Records of coal refuse quantities disposed at the facility shall be maintained by OGR.  

These records allow for comparison with the quantities used for predicting the CCR and 

FCR facility disposal life and making modifications to the disposal plan, if necessary.  

The records shall be reviewed semi-annually. 

General Observations 

Observations of the embankment, its instrumantation and appurtenant equipment shall be 

made at intervals not exceeding 7 days and immediately following any unusual events 

such as floods, heavy rainfalls, heavy frost periods, abnormal structural behavior, etc. in 

accordance with MSHA impoundment inspection requirements.  Reports or records from 

field observations and testing results shall be maintained at the mine office.  A report of 

the observations shall be reviewed at least semi-annually.  Any unusual features shall be 

reported immediately to the Certifying Engineer.  Items to be recorded by OGR and the 

Certifying Engineer include the following: 

 Embankment Slopes - Any irregularities such as tension cracks, scarps, 

slumps, wet areas or vegetation disturbance shall be recorded. 

 Working Disposal Surface - Irregularities shall be recorded. 

 Bench and Perimeter Sediment Ditches - General condition of channels, 

soil erosion adjacent to or beneath riprap and seeded slopes, blockage by 

debris, etc., shall be recorded. 

 Vicinity of the Embankment - General conditions throughout the area of 

the embankment shall be observed to note any changes, which could be 

associated with the behavior of the embankment and its foundation. 

 Piezometer Readings and Impoundment Level - Piezometer readings and 

the impoundment level shall be recorded at intervals not exceeding seven 

days.  Should the piezometers become damaged during operations they 
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shall be replaced.  To evaluate sensitivity of the piezometers pumping or 

bailing of water may be performed to determine the time to recharge/refill 

the piezometer.  Adding water to the piezometers shall not be permitted. 

 Graphs- Graphs of the 7-day inspection results of the flows from each 

internal drain outlet and levels of each piezometer shall be prepared. The 

graphs will assist in identifying abnormal readings and dievations from 

trends. These graphs shall be kept with the 7-day inspection report 

information at the mine office.  

 Maintenance 

The following maintenance activities shall be performed regularly: 

 Routine Maintenance - Continuous maintenance, including replacement or 

patching of grouted riprap, reseeding of gutters, removal of debris from the 

ditches at the site, etc. 

 Maintenance After Unusual Meteorological Events (Heavy Rainfall, Extreme 

Frost Periods, Severe Droughts, Floods, High Winds, Etc.) - The most 

important maintenance tasks, at these times, are the immediate backfilling of 

all scarps or slumps, repair of erosion rills or gullies and the repair and 

improvement of drainage systems and riprap lined ditches. 

 Maintenance After Abnormal Changes in the Behavior of the Structure - If 

abnormal behavior of any portion of the embankment is observed, qualified 

persons knowledgeable of the facility design characteristics shall be advised 

immediately by the Certifying Engineer and any recommended maintenance 

measures undertaken. 

Data Review 

All facility performance data and maintenance data obtained during periodic inspections 

shall be reviewed by qualified persons knowledgeable of the facility construction. All 

performance data such as the relative compaction (or in-place dry density) of 

embankment fill materials, fill placement moisture content, filter fabric, underdrain stone, 

etc, must meet the requirements described within the Guideline Technical Specifications 

(Appendix B), the design recommendations presented in this Plan and the Almes, 1991 
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and PERC 2007 approved plans.  If the required CCR fill material properties do not meet 

these specifications during construction of the refuse facility, the Certifying Engineer will 

determine if changes need to be made to the placement procedures or shall re-evaluate 

the stability of the upstream and downstream slopes and/or intermediate benches.   



  Cliffs OGR Refuse Facility Expansion 
Engineering Report 
 ASMC, 3A ONLY 

Page 18 of  18 

 

 

10.0 ABANDONMENT PLAN [§ 77.216-2(A) (16)] 

The final reclamation of this facility will consist of the placement of the final soil cover 

material and applying the appropriate seed mixture according to the currently approved 

plans, Almes, 1991 and PERC, 2007. 

A tentative abandonment plan for capping and covering the slurry impoundment was 

included in the Almes, 1991 and PERC, 20007 plan approvals.  However, other options 

may be implemented at the actual time of abandonment  and a Final Abandonment Plan 

will be submitted to MSHA for approval prior to initiation of abandonment of the 

Facility.  The Final Abandonment Plan for the slurry impoundments must eliminate any 

potential to impound water at the Facility.  Options to eliminate the potential for 

impounding water at this Facility may include, but are not limited to, the following: 

 Filling in the fine slurry area with coarse refuse generated from the plant while 

operating towards the closure date.  

 Breaching one side of the embankment and placing cover material over the fine 

slurry area to create a positive drain towards the breach area. 

 Lowering the entire embankment crest and placing this coarse refuse material 

over the fine slurry area to create a positive drainage area. 

 Once the final abandonment of the slurry impoundment has started the 

impounding potential will be eliminated within two years. 

The final reclamation surface will be graded such that a minimum 2-percent grade is 

provided to promote positive drainage toward the appropriate surface drainage control 

structures.   
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1.0    INTRODUCTION 

 
THIS SPECIFICATION CONTAINS ONLY INFORMATION PERTINENT TO THE 

EXPANSION OF A CCR DISPOSAL BUTTRESS EMBANKMENT, SITE 3A.  Marshall 

Miller and Associates (MMA) has prepared a proposed plan (Plan) for expansion 

eastward to Site 3a for coal refuse disposal at the Oak Grove Resources LLC (OGR) 

Concord Preparation Plant in Jefferson County, Alabama.  These Guideline Technical 

Specifications (GTS) are part of that Plan.  Unless modified herein, all conditions and 

requirements of the existing permits, Almes, 1991 and PERC, 2007 are still valid.  A specific 

modification is provided as needed for excavation to competent material and special 

placement of back fill at the proposed toe of the Site 3a buttress toe. 

The Engineering Report, of which this GTS is Appendix A, provides other important 

information on the Facility and the Plan.  MMA is responsible for the design of the 

proposed Plan and OGR is responsible for placing CCR and for construction of the Facility to 

the requirements of the Plan including these Guideline Technical Specifications.  

Additionally, OGR shall retain the services of a Certifying Engineer to prepare Construction 

Monitoring Reports, (with test results and photographs) per applicable regulations.  The 

Certifying Engineer is to be a qualified Registered Professional Engineer or a specialist 

chosen to represent the Engineer that is knowledgeable of these design documents and 

operational requirements and is responsible for certifying the disposal of coal refuse in the 

proposed Facility expansion.   

The frequency of site visits in the regulations is a minimum and additional regular site 

visits may be required at the discretion of the Certifying Engineer.  The Plan with these 

GTS is intended to be of sufficient detail for OGR to complete the work required to 

construct the proposed Facility expansion.  However, if this work were to be sub-

contracted by OGR, additional contract documents would be required.  
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2.0 SITE PREPARATION 

 
2.1 CLEARING AND GRUBBING 
  
In areas where coarse coal refuse is to be placed on natural ground or on revegetated  

refuse disposal  areas, the areas shall be cleared and grubbed prior to refuse disposal.  

Outside  of this zone, the area shall not be grubbed unless additional topsoil is needed 

to cover the completed embankment slope. 

 

In areas beneath  the proposed embankment stages, the natural ground surface  shall 

be cleared, grubbed  and stri pped of all trees, brush, and combusti ble or 

compressible debris. All buildings, building foundations, and utilities shall be raised 

or excavated  and all demolition waste removed  and properly disposed. 

 

In no case shall any combustible material be disposed in the embankment. 

 
2.2  TOPSOIL STRIPPING 
 
Topsoil  shall be stripped to a minimum depth of 18 inches or to the maximum 

possible depth designated  by the engineer. 

 
 
2.3 SITE 3A EXPANSION 
 
2.3.1 EXCAVATION                       
 
Cover soil materials from the existing ponds and soft unsuitable materials inside the 

embankment toe footprint of the Site 3a embankment shall be excavated to competent 

natural soil or rock.  Additionally, the removal of all existing outlet structures and 

spillways from the ponds will occur during the removal of sediments and loose unstable 

materials from existing ponds.  If necessary, loose fills and natural soils may have to be 

over excavated and replaced with coarse coal refuse or an acceptable natural soil that is 

free of organics and has been moisture conditioned so it can be placed as a structural fill 

material per Section 2.3.2 below. The excavation of the ponds and removal and 

replacement of unsuitable materials shall be performed in the presence of the Certifying 
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Engineer or authorized representative and shall not disturb the toe of the existing refuse 

facility until the majority of the pond has been backfilled to the approximate top of the 

existing pond embankment.  Removal of these materials shall be done in stages to avoid 

complete undercutting of the materials adjacent to the existing toe of the refuse 

embankment.  The first stage of excavation should be about 50 feet from the existing toe.   

2.3.2 BACKFILL                   
 
Prior to placement of backfill in the pond excavations, the cleared surface shall be proof 

rolled with heavy pneumatic or steel drum compactors in order to delineate soft soils near 

the ground surface.   

The excavated areas will then be backfilled following the “100 Percent Compaction Zone” 

requirements in Section 3.2.4.1, until the elevation reaches the approximate original grade.  

At that time, CCR placement in Site 3a can proceed following the requirements for “Non-

Structural Zone” discussed in Section 3.2.4.2. 

 

3.0 COARSE COAL REFUSE DISPOSAL 

 
3.1 GENERAL 
 
The CCR disposal at Site 3a of this Facility should under this Plan adhere to the following.    

The area of new CCR placement in this Plan is Site 3a CCR disposal buttress embankment 

and it should follow the requirements for “Non-Structural Zone”.   Other locations for CCR 

placement in this Plan are already approved under Almes, 1991 and/or PERC 2007. 

3.1.1  CRITICAL CONSTRUCTION ITEMS 
 
Per the MSHA COAL MINE IMPOUNDMENT INSPECTION AND PLAN REVIEW 

HANDBOOK (Handbook Number PH07-V-1 (1)).  The following activities are 

considered to be “Critical construction” for this project and the mine operator should 

notify MSHA in advance of their start: 

1. Construction of drains, filters, and placement of geo-fabrics and geo-grids. 
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3.2 COARSE COAL REFUSE PLACEMENT AND CONSTRUCTION (NON-UPSTREAM 

CONSTRUCTION) 
 
 
3.2.1 LINES AND GRADES 

 
Refuse shall be placed to the lines and grades shown on the drawings.  Control for 

placement can be established from the control points and coordinate system provided on the 

drawings. 

 
3.2.2 MATERIAL 

 
Run-of-plant coarse coal refuse produced at the coal preparation plant shall be used for 

construction of the Site 3a CCR disposal buttress embankment.   

 

3.2.3 PLACEMENT 
 

Coarse coal refuse shall be spread in nearly horizontal lifts using a bulldozer or other 

earth-moving equipment. The maximum lift thickness shall not exceed 12 inches in the 

100 percent compaction zone and structural zone of the impounding embankment and 

not more than 2 feet in the non-structural zone.  Structural and non-structural zones shall 

be followed for Site 3a CCR disposal buttress embankment.  All lifts shall be placed 

parallel to the longitudinal axis of the embankment in continuous nearly horizontal lifts 

with each lift extending to its full length and width prior to the placement of subsequent 

lifts. The refuse shall be placed in the central portion of the embankment, away from the 

slopes during wet weather or when drainage is insufficient and near the inside or 

outside slopes during drier periods. 

 
3.2.4 COMPACTION 

 
3.2.4.1  100 PERCENT COMPACTION ZONE 

 
A field density testing program shall be established during disposal operations to 

determine the actual dry density being achieved in the 100 percent compaction zone and 

structural zone. The number of passes by the compaction equipment shall be based on 
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the densities obtained in relation to the minimum required density. If the density 

achieved is not consistent with these plans and specifications, modifications to the 

compaction procedure or to the disposal plan may be required.   Field density tests shall 

be perfonned  on each  lift of coarse coal refuse placed and compacted  in the 

structural zone of the impounding embankment. A field density test shall be 

performed  for every  2.000 cubic yards placed.  As a minimum, density testing shall 

be performed on each lift placed.   Additional field density tests should be conducted  

any time there is a suspicion of the effectiveness of compaction.   A supplemen tary 

Standard Proctor  laboratory compaction  test (ASTM D698) shall be performed for 

every 20 field density  tests (approximately  every 40,000 cubic  yards). 

  

Field tests shall be performed  at random locations in the fill.  Records of the test 

results, as well as the test locations, shall be kept at the mine. 

 

Any time there is reason to suspect that the characteristics of the construction 

material  have changed, reasons such as a change in preparation plant processing or 

unusual  compaction  test results, the material shall be further investigated. Grain-

size compaction, shear-strength, and other tests shall be performed as warranted. 

 

3.2.4.2   NON-STRUCTURAL ZONE 
 
The coarse coal refuse material placed in the non-structural  zone shall be compacted  

to a density greater than or equal to 90 percent maximum dry density, as determined  

by the Standard  Proctor compaction test (ASTM D698). 

 
A field density  testing program shall be established during disposal operations to 

determine the actual  dry density  being achieved.  The number of passes by the 

compaction equipment shall be based on the densities obtained  in relation to the 

minimum  required  density.  If the density achieved is not consistent with these plans 

and specifications, modifications to the compaction procedure or to the disposal  plan 

may be required.  Field density  tests shall be performed  on each lift of coarse coal 
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refuse placed and compacted  in the structural  zone of the impounding embankment.  

A density  test shall be performed  for every 10,000 cubic yards placed.  As a 

minimum,  density testing shall be performed  on each lift placed. 

 

3.2.5 COMPACTION REQUIREMENTS 
 

The coal refu se shall advance upward in nearly horizontal layers throughout the entire 

disposal area. To minimize infiltration of precipitation the coal refuse surface shall be 

sloped, backbladed and compacted as it is spread.Surface material too wet to support 

consouction equipment must be removed to expose drier material prior to placement of the 

next coal refuse layer. After drying, these wet materials can be reused in the embankment. 

As the level of the embankment is raised, it shall be graded smoothly to the contours shown 

on the plans. 
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Evaluate the slope stability of the existing area and proposed expansion of Site 3a (Figure 9) of 
the OGR Concord Preparation Plant in Jefferson County, Alabama.  Site 3a is a non-
impounding coarse coal refuse (CCR) disposal area/embankment.   

OBJECTIVE: 

Compare the global slope stability minimum Factors of Safety (FoS) with the FoS of 1.5 
required by MSHA for static/steady-state seepage conditions.   

NOTE that by inspection of the previous stability analyses reported by Almes & Associates 
(1991), the Site 3a embankment configurations are stable within an adequate margin of safety 
(Section E.1).  The stability analyses reported subsequently provide added confirmation of the 
favorable Almes findings. 

The slope stability computer software program, SLIDE 6.0 (Reference 1) was used to evaluate 
the Site 3a CCR disposal embankment at cross-sections E-E (Almes Cross-Section E-E 
(Figures E-1.1 and E-1.4)), N-N, and Z-Z (Figure 13).   

METHODOLOGY: 

As is customary, sliver and sloughing-type failure surfaces were excluded from the analyses, as 
such failures are inconsequential and not representative of the global stability of the 
embankment.   The slope stability of the proposed final embankment was the configuration 
considered in these analyses.  

Site 3a is distant from the ‘free’ water surface located in the Site 2a, Impoundment #3, and the 
hydraulic properties of CCR preclude the development of any substantive phreatic surface.  
The primary source of water to the embankment will be infiltrating precipitation, which can be 
readily controlled by maintenance of positive drainage from the disposal/fill working surface.  
Therefore, no phreatic surface was considered in the Site 3a slope stability analyses.   

The expansion area of Site 3a is founded almost exclusively on existing CCR.  Foundation 
soils, where they exist and will remain, lie above groundwater and are unsaturated.  Similarly, 
the CCR is unsaturated.  As no distinct ‘weak layers’ exist in the design cross-section 
(embankment or foundation) along a particularly adverse horizon, block failures would not be 
critical and are not applicable. 

The overall slope stability of the proposed coal refuse slopes depends on the material unit 
weight and shear strength properties, as well as the properties of the underlying foundation 
soils.  Design values were adopted from the results of geotechnical (Section B) data analyses. 
Table 1 presents the unit weights and shear strength properties used in the slope stability 
analyses.   

 

 

 

 

 



 

Table 1 

Material Properties 

Material Name 
Unit 

Weight 
(lbs/ft^3) 

Cohesion 
(psf) 

Friction 
angle 
(deg) 

CCR (Existing) 120 0 36 
CCR (New) 120 0 36 

Native  
Foundation Soil / 

Layer 
125 0 31 

Bedrock 165 2000 40 

 

 

1.SLIDE 6.0, ROCSCIENCE INC., Toronto, Ontario, Canada, 1998-2012 

REFERENCES: 

SLIDE conducted a vertical slice limit equilibrium analyses utilizing the Spencer method.  A 
thorough search of the minimum FoS was executed for circular surfaces.  

CALCULATION: 

For a circular surface an extensive search grid generated circular slip centers and evaluated 
numerous circular surfaces between the minimum and maximum radii.  If a global minimum 
was located on the perimeter of a search grid, the grid was shifted ensuring the search 
encompassed the surface with the lowest FoS. 

Graphical SLIDE results displaying global minimum FoS (Figures E-3.11-E-3.13) follow the 
input data summary for each analysis case.  Table 2 summarizes the slope stability cases 
analyzed and their corresponding minimum FoS.  The embankment stability was determined to 
be acceptable in all cases. 

RESULTS: 

 
Table 2 – Site 3a embankment 

Figure 
# 

Cross-
Section Slope Side Slope 

Region 
Failure 

type Condition Minimum 
FoS 

3.11 3aEE Downstream Entire Circular Static 2.26 
3.12 3aNN Downstream Entire Circular Static 2.01 
3.13 3aZZ Downstream Entire Circular Static 1.90 

 
 

 



The global minimum FoS from the analyses met the minimum requirements for slope 
stability.  These results demonstrate that the design for Site 3a is acceptable with regard to 
slope stability. 

Conclusions: 
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594.932662.511

594.162670.511

594.352678.511

593.792686.511

592.992718.511

592.812726.511

592.812734.511

592.662742.511
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592.382750.511

592.032758.511

591.922766.511

591.912774.511

591.532782.511

591.092790.511

590.922798.511

591.022814.511

590.942830.511

590.962838.511

591.112846.511

591.382854.511

591.522862.511

591.872870.511

592.432878.511

591.572886.511

590.252894.511

589.472902.511

588.562918.511

588.092926.511

587.952934.511

587.912942.511

587.904983.203

587.902990.511

587.812998.511

587.2821006.51

587.1421014.51

587.8921030.51

587.9121038.51

587.9121094.51

588.5421102.51

588.9721110.51

588.0621118.51

583.8621126.51

580.2221134.51

577.3921142.51

576.0621150.51

576.3521158.51

576.0221166.51

572.3421174.51

567.9721182.51

563.1421190.51

557.7921198.51

552.2721206.51

548.2621214.51

546.1721222.51

545.3421230.51
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544.9421238.51

544.3221254.51

543.7721262.51

542.6821270.51

540.8921278.51

539.0521286.51

536.5321294.51

534.7521302.51

534.0421310.51

534.4021318.51

534.9821326.51

535.5121334.51

535.8121342.51

535.7821350.51

535.4921358.51

535.5721366.51

535.8921374.51

536.5821382.51

535.7421390.51

532.1521398.51

531.9421406.51

531.9121414.51

531.9121446.51

532.0421454.51

532.6821462.51

533.4621470.51

533.9121478.51

533.9121502.51

533.8721510.51

533.7021518.51

533.0821526.51

532.3321534.51

531.6221542.51

530.6621550.51

529.0721558.51

526.7721566.51

526.4521574.51

527.4821582.51

529.3021590.51

531.3921598.51

532.2721606.51

532.5421614.51

532.6621622.51

532.6021630.51

532.3121638.51

532.4321646.51
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533.2121678.51

533.5421694.51

534.0181710.54

Material Boundary

YX

714.619586.612

713.532590.511

710.912598.511

703.412614.511

699.862622.511

696.602630.511

678.782678.511

675.842686.511

673.152694.511

667.862710.511

665.292718.511

663.132726.511

662.912734.511

662.912742.511

662.322750.511

660.612758.511

651.332782.511

648.292790.511

645.312798.511

639.512814.511

627.752846.511

625.042854.511

622.452862.511

617.382878.511

614.822886.511

613.382894.511

612.912902.511

612.912910.511

612.562918.511

610.072926.511

606.952934.511

603.752942.511

600.582950.511

591.312974.511

587.904983.203

Material Boundary

YX

521.2825.151
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512.581401.15

512.581457.07

515.6891479.54

515.6891512.61

513.8151540.8

509.7441560.18

507.031569.87

507.031578.21

510.1781595.7

517.2611700.65

517.2611862.96

510.5672005.15

Material Boundary

YX

532.1065.151

534.0421310.51
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2.0092.0092.0092.009

New CCR

El. 730

Existing CCR

Previously proposed
New CCR

Native Fnd Soil Bedrock

Material Name Color
Unit Weight
(lbs/ft3)

Strength Type
Cohesion
(psf)

Phi (deg)
Water
Surface

Ru

Bedrock 165 Mohr‐Coulomb 2000 40 None 0

Native Fnd Soil 125 Mohr‐Coulomb 0 31 None 0

CCR (Existing) 120 Mohr‐Coulomb 0 36 None 0

CCR (new) 120 Mohr‐Coulomb 0 36 None 0

18
00

16
00

14
00

12
00

10
00

80
0

60
0

-400 -200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Analysis Description Figure E-3.12 (3aN-N_DS_circualr_static_mma)
Company Marshall Miller and AssociatesScale 1:2024Drawn By Ben Prior
File Name 3aNN_DS_entire_circular_static_mma.slimDate 1/17/2012, 4:48:08 PM

Project

Cliff's 118, Oak Grove

SLIDEINTERPRET 6.015



Slide Analysis Information

Cliff's 118, Oak Grove

Project Summary

File Name: 3aNN_DS_entire_circular_static_mma
Last saved with Slide version: 6.015
Project Title: Cliff's 118, Oak Grove
Analysis: Figure E‐3.12 (3aN‐N_DS_circualr_static_mma)
Author: Ben Prior
Company: Marshall Miller and Associates
Date Created: 1/17/2012, 4:48:08 PM
Comments:

No Phreatic Surface

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116
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Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: 10

Material Properties

CCR (new)CCR (Existing)Native Fnd SoilBedrockProperty

____________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

120120125165Unit Weight [lbs/ft3]

0002000Cohesion [psf]

36363140Friction Angle [deg]

NoneNoneNoneNoneWater Surface

0000Ru Value

List Of Coordinates

External Boundary

YX

571.191666.13

574.041658.13

574.951650.13

5751642.13

5751634.13

575.731626.13

578.391618.13

619.991514.13

623.051506.13

624.721498.13

6251490.13

6251482.13

625.41474.13

627.191466.13

652.791402.13

656.541392

659.181384

659.661376
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659.921368

659.821360

659.651352

653.651192

653.441184

653.451176

660.77984

661.44976

662.39968

669.27920

669.92912

670904

670711.509

672.83704

674.49696

675688

675680

675.15672

677.21664

680.08656

683.22648

699.19608

702.34600

717.85560

720.99552

723.87544

726.15536

727.62528

728.94520

729.71512

730504

7300

703.170

536.931‐3.55271e‐015

526.563‐3.55271e‐015

445.5450

445.5452000

507.9892000

524.032000

525.961986.13

527.141978.13

528.281970.13

529.391962.13

530.411954.13

531.411946.13

532.451938.13

534.731922.13
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536.981906.13

537.941898.13

538.681890.13

539.251882.13

539.991874.13

541.131866.13

542.611858.13

544.151850.13

545.491842.13

545.541834.13

544.681826.13

544.021818.13

5441810.13

5441734.1

Material Boundary

YX

703.170

701.698

697.7316

692.4324

687.4832

681.8140

675.7648

669.8756

665.4664

664.8172

663.3480

660.2488

655.8996

651.7104

647.97112

643.96120

635.36136

631.54144

627.85152

624.21160

620.74168

617.79176

615.13184

613.62192

612.29208

611.79216

611.41224

611.09232

610.79240
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609.95264

608.23320

608.01328

607.88336

607.74352

607.54368

606.98432

606.48496

606.26528

605.99560

605.72576

605.15608

604.68640

604.52648

604.3664

604.14672

602.1712

601.86720

601.68728

601.54736

601.45744

601.81752

602760

602792

601.74800

601.35808

601.93816

601.84824

602.7832

603.7840

603.36848

602.45856

599.75864

595.94872

591.73880

586.9888

584.17896

582.83904

582.08912

581.5920

581.87928

581.88936

579.96944

575.51952

572.01960

569.58968

566.18976
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561.63984

556.36992

550.671000

545.341008

540.591016

536.581024

Material Boundary

YX

670711.509

654.74752

651.66760

648.54768

645.35776

629.16816

626.19824

625832

625848

623.89856

621.15864

611.11888

607.84896

604.72904

598.6920

586.15952

583.01960

579.77968

576.88976

575984

5751000

573.851008

571.591016

568.561024

553.651064

550.611072

537.9691101.4

Material Boundary

YX

536.931‐3.55271e‐015

536.581024

534.631032

Material Boundary
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YX

534.631032

533.761040

533.741048

534.221056

534.891064

535.631072

536.291080

537.491096

537.9691101.4

538.21104

539.071112

540.011120

540.91128

541.671136

541.91144

541.531152

540.631160

539.621168

539.411176

539.441184

540.361192

541.931200

542.311208

542.861224

543.641248

544.481272

545.371304

545.621312

545.891320

5461328

5461352

545.61360

544.971368

544.421376

544.111384

544.021392

5441474.13

544.321482.13

545.681490.13

545.971498.13

5461506.13

5461522.13

545.951530.13

545.361538.13

544.331546.13

5441554.13
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5441658.13

544.491666.13

545.51674.13

545.961682.13

545.821690.13

544.621698.13

5441706.13

5441734.1

Material Boundary

YX

526.563‐3.55271e‐015

526.5631024

526.5631843.05

507.9892000
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1.9001.9001.9001.900

El. 730

New CCR

Existing CCR

BedrockNative Fnd Soil

Material Name Color
Unit Weight
(lbs/ft3)

Strength Type
Cohesion
(psf)

Phi (deg)
Water
Surface

Ru

Bedrock 165 Mohr‐Coulomb 2000 40 None 0

Native Fnd Soil 125 Mohr‐Coulomb 0 31 None 0

CCR (Existing) 120 Mohr‐Coulomb 0 36 None 0

CCR (new) 120 Mohr‐Coulomb 0 36 None 0

12
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00

10
00
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80
0

70
0

60
0

50
0
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Analysis Description Figure E-3.13 (3aZZ_DS_circular_static_mma)
Company Marshall Miller and AssociatesScale 1:1036Drawn By Ben Prior
File Name 3ZZ_DS_circular_static_mma.slimDate 1/27/2012, 11:21:09 AM

Project

Cliff's 118, Oak Grove

SLIDEINTERPRET 6.015



Slide Analysis Information

Cliff's 118, Oak Grove

Project Summary

File Name: 3ZZ_DS_circular_static_mma
Last saved with Slide version: 6.015
Project Title: Cliff's 118, Oak Grove
Analysis: Figure E‐3.13 (3aZZ_DS_circular_static_mma)
Author: Ben Prior
Company: Marshall Miller and Associates
Date Created: 1/27/2012, 11:21:09 AM

General Settings

Units of Measurement: Imperial Units
Time Units: days
Permeability Units: feet/second
Failure Direction: Left to Right
Data Output: Standard
Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Analysis Methods Used

Spencer

Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50
Check malpha < 0.2: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

Groundwater Analysis

Groundwater Method: Water Surfaces
Pore Fluid Unit Weight: 62.4 lbs/ft3
Advanced Groundwater Method: None

Random Numbers

Pseudo‐random Seed: 10116
Random Number Generation Method: Park and Miller v.3
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Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: 10

Material Properties

CCR (new)CCR (Existing)Native Fnd SoilBedrockProperty

____________Color

Mohr‐CoulombMohr‐CoulombMohr‐CoulombMohr‐CoulombStrength Type

120120125165Unit Weight [lbs/ft3]

0002000Cohesion [psf]

36363140Friction Angle [deg]

NoneNoneNoneNoneWater Surface

0000Ru Value

List Of Coordinates

External Boundary

YX

584.24940

622.64844

624.75836

625828

625820

625.1812

626.65804

674.63684

674.94676

675.06660

675.56652

678.64644

707.44572

713.8556

717.01548

720.24540

723.44532

726.62524

729.12516

730508
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7300

594.360

548.340

538.3320

474.0060

474.0061000

558.2571000

5801000

579.992948.713

Material Boundary

YX

594.360

595.148

593.2516

589.324

580.8840

576.5848

572.1556

568.1864

564.9172

562.2680

560.7288

559.7496

558.8104

557.3112

555.58120

553.83128

552.02136

550.03144

548.34152

Material Boundary

YX

548.340

548.34152

548.22160

Material Boundary

YX

548.22160

550.01168

552.55176

554.82184
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555.29192

554.73200

554.94208

555.31216

555.76224

556.53232

557.42240

558.24248

558.89256

560.09272

561.31288

561.95296

562.67304

563.45312

564.44320

565.97328

568.55336

572.69344

573.42352

572.4360

570.96368

570.98376

570.9384

570.73392

570.69400

570.77408

571.28416

571.92424

571.19432

571.51440

571.9448

572.26456

572.57464

573.09472

574.45488

575.37500

575.77508

576.01516

575.83524

575.54532

575.42540

575.42548

575.37556

575.08572

575.17580

575.13588

575.14596
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575.32604

575.81612

577.27620

577.46628

576.04636

574.41644

574.03652

574.51660

575.61676

578.74692

577.39700

576.19708

575.86716

575.82724

575.93732

575.85740

575.43748

575.23756

575.31772

575.41780

575.56788

575.98796

576.77804

578.48812

580.8820

582.73828

582.17836

581.56844

580.98852

580.68860

580.88868

580.64876

580.17884

579.5892

579.09900

579.12908

579.06916

578.56924

579.99932

579.992948.713

Material Boundary

YX

538.3320

538.332161.353

543.339186.314

Page 5 of 6
SLIDE 6.015

3ZZ_DS_circular_static_mma.slim Marshall Miller and Associates   1/27/2012, 11:21:09 AM



543.339193.342

554.04339.491

557.327346.194

559.447353.26

558.257368.953

558.2571000
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