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October 16, 2012

Gary J. Heaton, P.E.

ALABAMA SURFACE MINING COMMISSION
P. O. Box 2390

Jasper, AL  35502-2390

RE:  
Birmingham Coal & Coke Co., Inc.
     
Old Union No. 2 Mine, P-3962, Revision R-2

Dear Mr. Heaton:

I hereby certify the enclosed Detailed Design Plans for Excess Spoil Disposal Area No. 1 for the above referenced mine meet or exceed the applicable parts of 880-X-8F-.16 and 880-X-10C-.36 pertaining to the disposal of excess spoil material.  I also certify that the information, cross-sections, data, maps, etc., contained in this design are true and accurate to the best of my knowledge and belief.

If you have any questions or need additional information, please do not hesitate to contact our office.

Sincerely,

DSM Design Group, LLC.
J. David McGehee, P.E.

Alabama Reg. No. 18496

BIRMINGHAM COAL AND COKE COMPANY, INC.

OLD UNION NO. 2 MINE, P-3962, REVISION R-2

EXCESS SPOIL DISPOSAL AREA NO. 1

DETAILED DESIGN PLANS

ATTACHMENT III-B-4

Prepared by:

DSM DESIGN GROUP, LLC.
P. O. Box 690

1400 Viking Drive

Jasper, Alabama  35502 

Telephone: (205) 221-6262

Fax: (205) 221-6850

Email: david@dsmdg.com

INTRODUCTION

Excess Spoil Disposal Area No. 1 (ESDA-1) will be used for the disposal of excess spoil material from the area of mining between Sediment Basin 114 and 115 at the Old Union No. 2 Mine, P-3962.  This will allow spoiling room for the preceding cuts immediately north of Sediment Basin 114.  The volume of the proposed ESDA-1 shall contain approximately 77,700 cubic yards of spoil material.  This will allow 59,800 cubic yards of in-situ overburden material with an assumed swell factor of 30% to be placed into ESDA-1.  Calculations of all potential overburden material between Sediment Basins 114 and 115 yielded approximately 57,400 cubic yards of in-situ material.  This would require a disposal area of approximately 74,600 cubic yards assuming a 30% swell factor.  ESDA-1 shall provide the spoil disposal of all cuts between Sediment Basin 114 and 115 as necessary and indicated by the calculations with a 3,100 cubic yard quantity safety factor.  Design plans for ESDA-1 are enclosed and will be sufficient in size for all spoil material that is excavated and placed in this designated area.   The purpose of this study is to fulfill the Alabama Surface Mining Commission’s (ASMC) requirements for the design and plan approval of the proposed ESDA-1.

SITE LOCATION

ESDA-1 is located in the NW/NW of Section 18, Township 12 South, Range 8 West, Winston County, Alabama, as found on the Poplar Springs, 7.5 Minute U.S.G.S. Quadrangle Map.  See the enclosed Appendix for the Site Location Map.
SITE GEOLOGY

This mine site is located within the Warrior Coal Basin of the Appalachian Plateaus Physiographic Province Geologic Map of Alabama dated 1989. The mine site is primarily underlain by the Pottsville Formation of Pennsylvanian age characterized as the following: Interbedded dark-gray shale, siltstone, medium-gray sandstone, and lesser amounts of coal, fireclay and conglomerate in seismic zone 1. Faults were not found to exist at the disposal site. 
UNDERGROUND MINE LOCATIONS
No underground mines exist within five hundred (500) feet of ESDA-1.
FOUNDATION INVESTIGATIONS

Two (2) foundation investigation borings were made at ESDA-1 at the Old Union No. 2 Mine. The boring locations are shown on the enclosed Plan View Drawing of ESDA-1 found in the Appendix. Results from the borings show a stiff base overlain by a silty, clayey sand material.  The borings were made using post-hole diggers and driven to a depth in which the stiff base was reached and the bore hole became impenetrable with the equipment.  A tape measure was used to determine the depth to stiff base as measured vertically from the bedrock (stiff base) up to the ground surface.  The bedrock appeared to consist of sandstone type material.  The disposal area will consist of spoil material produced by the mining operations from the mine site.  Our findings suggest that the design slopes as shown in the accompanying set of plans are stable with factors of safety higher than requirements in the regulations (1.5) prepared by the regulatory authority.
ACID FORMING MATERIAL

Information provided in Part II-E of the permit application utilized to describe the orientation, lithology, and geochemistry of the Old Union No. 2 Mine show that the overburden in a non-acid and non-toxic forming material.  Chemical analysis, including pH, total sulfur, and neutralization potential was conducted on overburden samples from drill holes within the permit area at the DSM Design Group, LLC laboratory according to ASTM guidelines.  The results of this analysis show that the overburden at the Old Union No. 2 Mine contains an average of 6.65 (tons CaCO3/1000 tons overburden) excess neutralization potential, therefore no acid mine drainage problems should be created as a result of mining operations or as a result of the use of ESDA-1 at the Old Union No. 2 Mine.
LABORATORY TESTING

Laboratory testing was conducted by DSM Design Group, LLC., of Jasper, Alabama.  The samples selected for testing and the procedures used for the various tests followed ASTM guidelines.  The foundation material underwent Soil Classification (ASTM D-2487-98) and Atterberg Limits Testing.  Data results from these tests can be found in the Appendix.  The proposed fill material (spoil) did not endure laboratory testing but it can be assumed that the spoil material will be a gravely type material based on spoil material observations from the mine site and conservative values shall be used in the stability analysis.
STABILITY ANALYSIS PROCEDURE

The computer program used to analyze the slope stability is the REAME Slope Stability Program as developed by Dr. Yang H. Huang, P.E. of the University of Kentucky.  The soil type of the foundation material of ESDA-1 was sampled, analyzed, and classified by personnel of DSM Design Group, LLC. The depth to the stiff base (3.0 feet) was determined using the two (2) foundation investigation sites (BH-1 and BH-2) at the location of the ESDA-1.  The foundation investigation sites revealed silty, clayey sand material to be present to a maximum depth of three (3) feet.  Conservative strength parameters for unconsolidated gravely spoil material were used in the stability analysis.  The strength and engineering parameters used for the stability analysis were taken from the U.S. Department of the Interior Bureau of Reclamation Design of Small Dams.*  The pore pressure ratio approach was utilized during the analysis to account for some degree of saturation in the fill.  A ratio of 1.0 (which assumed 20% of the fill as being saturated) was conservatively used during the analysis.
SOIL PROPERTIES

	Material
	Soil Type
	Cohesion
(psf)
	Internal Angle Of Friction
	Effective Density
(pcf)

	BH-1 Foundation
	SM-SC
	180.00
	30.54
	135.96

	BH-2 Foundation
	SM-SC
	180.00
	30.54
	135.96

	Spoil Material
	---
	0.00
	35.0
	135.0


*United States Department of the Interior Bureau of Reclamation Design of Small Dams Second Edition 1973, Revised Reprint 1974 page 137 and United States Department of the Interior Bureau of Reclamation Design of Small Dams Third Edition 1987 page 96 and 97.
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The results of the slope stability analysis indicate a static factor of safety in excess of that required by ASMC regulations of 1.5 for excess spoil disposal areas.   See the enclosed Appendix for Profile A-A’ and the foundation material laboratory data with stability analysis results.

HYDROLOGIC INVESTIGATIONS

All surface drainage from the proposed ESDA-1 will enter Sediment Basin 115 within the permit area.  Diversions designed for the ESDA-1 will tie into Diversion DC-1 that is provided for routing runoff from the Coal Stockpile to Sediment Basin 115.  This diversion and all other diversions associated with the excess spoil disposal area are designed for the 100 year, 6 hour rainfall event in accordance with governing regulations and are consistent with the diversions for the excess spoil disposal area.  See the enclosed Appendix and Part III-B-3 in the permit application for Diversion DC-1 design plans.  A copy of the design plan for Diversion DC-1 is provided to ensure that the appropriate location and design specifications are provided as it pertains to the excess spoil disposal area.  Field investigations conducted from October 1st through October 9th revealed no evidence of spring, seeps, or any other type of groundwater or surface water drainage observed or anticipated during wet periods in the area of the disposal site.  The ESDA-1 will contain several diversions as discussed within this plan.  See the enclosed Appendix for a drainage map illustrating the delineation of each diversion watershed and pertinent design information such as land use and curve number.  
Construction Specifications for the excess spoil and diversions are provided within this design plan. 
EXCESS SPOIL DIVERSIONS

There are four (4) total excess spoil disposal area diversions (D-1, D-2, D-3 and D-4) proposed to provide proper drainage for ESDA-1 as shown on the Plan View Drawing.  Two (2) diversions will be constructed into the natural ground (D-1 and D-2) used to properly route drainage around the excess spoil disposal area and receive flow from terrace (bench) drains and downdrains.  These diversions will also tie into Diversion DC-1 which routes drainage to Sediment Basin 115.  The other two (2) diversions (D-3 and D-4) are located at the top of the spoil disposal area to properly route drainage to the downdrains.  All diversions have a consistent cross-section and lining material to be conservative and for ease of construction.  Design diversions depths are based on the flattest anticipated slopes and the lining material is based on the steepest anticipated slopes.  See the enclosed Appendix for cross-sections and SedCAD4 design output for Diversion D-1, D-2, D-3 and D-4.  
TERRACES
There is one (1) terrace (bench) proposed in the design and construction of ESDA-1 which is designed to route drainage towards the embankment and into terrace (bench) drains.  This terrace will be located 49.5’ feet above the downslope toe as shown on the Plan View Drawing and Profile Sheet.  This terrace will have two (2) diversion drains (T-1 and T-2) which will route drainage to the outslope into Diversions D-1 and D-2.  See the Plan View Drawing for illustration.  All terrace diversions shall be constructed in accordance with the specifications provided in this plan and consists of the proposed cross-section dimensions and liner material outlined in the SedCad 4 output found in the Appendix.
DOWNDRAINS
The ESDA-1 proposes two (2) downdrains (DD-1 and DD-2) to properly route drainage from the top of the excess spoil disposal area to the Diversions D-1 and D-2.  The locations of these drains are shown on the Plan View Drawing. All downdrains shall be constructed in accordance with the specifications provided in this plan and consists of the proposed cross-section dimensions and liner material outlined in the SedCad4 output found in the Appendix.

UNDERDRAINS
Due to the fact that the fill is located in an area where field investigation revealed no evidence of spring, seeps, or any other type of groundwater or surface water drainage, no under drains are required. 
	Drainage Structure I.D.
	Drainage Area 

(ac)
	Peak Flow (cfs)
	Capacity Slope 

(%)
	Stability Slope 

(%)
	Design Depth (ft)
	Free-Board (ft)
	Total Depth (ft)
	Liner

Material

	Diversion

D-1
	3.88
	15.74
	2.0
	30.0
	0.28
	1.00
	1.28
	Class II
Riprap

	Diversion

D-2
	2.18
	8.84
	2.0
	20.0
	0.27
	1.00
	1.27
	Class II
Riprap

	Diversion

D-3
	0.21
	0.85
	1.0
	1.31
	1.00
	2.31
	Vegetated

	Diversion

D-4
	0.18
	0.73
	1.0
	1.26
	1.00
	2.26
	Vegetated

	Terrace Drain T-1
	0.40
	1.64
	1.0
	1.51
	1.00
	2.51
	Vegetated

	Terrace Drain T-2
	0.43
	1.74
	1.0
	1.53
	1.00
	2.53
	Vegetated

	Down Drain

DD-1
	0.24
	0.97
	40.0
	0.06
	1.00
	1.06
	Class II

Riprap

	Down Drain

DD-2
	0.21
	0.85
	40.0
	0.05
	1.00
	1.05
	Class II

Riprap


All diversions are permanent and shall have a continuous cross-section and lining as illustrated in this table and enclosed plans.  All drainage areas for these diversions were considered bare and grade (C.N. 81) for a more conservative design.  See the enclosed Appendix for drainage map, diversion design cross-sections and SedCAD4 design output.  All stone lining material will consists of durable sandstone or limestone riprap.
EXCESS SPOIL DISPOSAL FILL

CONSTRUCTION SPECIFICATIONS AND REQUIREMENTS
1. The proposed fill site will be cleared and grubbed of all vegetative organic material.  Topsoil will be saved and protected as required in Part IV of the permit application.
2. After preparation of the area, the fill material (spoil) will be spread over the entire disposal area in a controlled manner and placed beginning at the lowest point of the fill and progress upward in maximum four (4) foot horizontal lifts.  This material will be compacted to a minimum of 90% standard proctor density across the fill area to ensure mass stability and to prevent mass movement of the structure during and after construction.  Compaction will be accomplished using rubber tired or track equipment that is available at the site.  End dumping for the excess spoil fill construction is prohibited.
3. The surface of the fill will be sloped according to these detailed design plans.  The outslopes of the disposal area will be graded as the disposal area progresses upward.  No slopes will be left steeper than 2.5 horizontal to 1.0 vertical. 
4. Slope benches and downdrains will be constructed in the locations as shown and in accordance with the specifications as described throughout these design plans.  Slope benches and downdrains will be rough graded when the fill height reaches the bench elevation and will be finish graded including the addition of the topsoil substitute cover material and appropriate channel lining upon the completion of outslope grading and setback construction of the next slope bench or once the top elevation of the disposal fill area has been reached if there are no remaining slope benches.  The outslopes below the slope benches and downdrains will be finish graded including the addition of the topsoil substitute cover material and vegetated upon the completion of the setback construction of the next slope bench and diversion or the top elevation of the disposal fill area if there are no remaining slope benches.
5. Once the fill has reached the bench elevation across the entire disposal area, the fill should be setback with stakes to indicate to location of the setback distance specified within these design plans from the edge of the bench to the point in which the fill will progress upward.  The bench and associated diversions will be rough graded to provide proper drainage prior to the fill progressing upward as well.  The outslopes of the fill above the bench will be graded as the disposal area progresses.  The bench, bench diversions and progressing slopes above the bench will be finish graded including the addition of the topsoil substitute cover material and appropriate channel lining upon the completion of outslope grading and once the fill has reached the next slope bench or the top elevation of the disposal area if there are no remaining slope benches.
6. Diversions used to route drainage around the disposal area or to receive flow from downdrains and/or slope benches will be constructed as the fill progresses to receive flow from the disposal area.  Once a bench has been made and the setback has been marked, the bench diversions shall be constructed and tie into the diversions routing drainage around the disposal area.  Downdrains from a bench or from the top elevation of the disposal area will be constructed once the bench or top elevation has been reached across the entire fill area.  Top slope diversions will be constructed once the top elevation has been reached across the entire disposal area.  Slope benches, diversions and downdrains will be lined with the appropriate channel lining as specified within these design plans.  When riprap is used, the riprap will have the size classification specified within these plans consisting of durable sandstone or limestone material.  Friable, stratified rocks such as shales and rocks which tend to decompose in the water such as claystones will not be acceptable.  Rock gradation will be in accordance with the riprap specification.  Smooth round boulders will not be approved.  The material will be free of objectionable amount of earth, quarry dust, and other foreign material; however, washing will not be required.  Slabs and slivers will not be acceptable.  Slabs and slivers will be defined as pieces for which the smallest dimension is less than 1/3 the largest dimension of the piece.  Riprap needs to be hand placed but will be dumped and spread in such a manner as to prevent segregation of sizes, to eliminate voids, and to establish uniformity.  Riprap will be roughly graded so that the smaller pieces are adjacent to the earth material and the large pieces near the exposed face.  Spalls in the amount not in excess of that required to fill the voids will be permissible.  The exposed face will present a reasonable uniform and neat appearance.  Grass lined channels will be seeded with grass species specified within these design plans and mulched with the types and rates as specified in the reclamation plan.  Temporary diversions around the work area will be constructed as needed while the fill is progressing upward.  Grading operations will be conducted to allow runoff and prevent ponding on the work area.    
7. Once the disposal fill area has reached the top elevation of the disposal area the final stage of construction will ensue.  This will consists of final grading, the placement of the topsoil substitute cover material, if necessary, upon the surface of the area, and revegetation.  Final grades will match the configuration as specified within these design plans.  The surface of the fill will be crowned to ensure positive drainage and to prevent the impounding of water.  Permanent diversions and slope benches, as specified within these design plans, will be constructed and stabilized to safely remove surface drainage from the fill.  Revegetation shall be performed according to the mixtures and application rates given in the reclamation plan.  Seeding will commence during the first normal planting season to establish a diverse, effective and permanent vegetative cover. 
INSPECTION, MAINTENANCE AND 
REPORTING REQUIREMENTS
1. The proposed fill will be inspected regularly during construction by a qualified registered professional engineer or other qualified specialist under the direct supervision of the qualified registered professional engineer.  
2. Inspections of the fill will be made at least quarterly throughout construction and during the following critical construction periods:  (a) during removal of all organic material (vegetation, woody debris, leaf litter, etc.), (b) during removal of topsoil material and unsuitable foundation material, if necessary (c) during the placement and compaction of the fill material, (d) once a bench elevation has been reached prior to progressing upward (e) during the construction of each diversion, downdrain or bench drain (f) during the removal and/or reclamation of the proposed fill, (g) topsoil replacement and re-vegetation.
3. A report, certified by a qualified registered professional engineer, will be submitted to the Alabama Surface Mining Commission within two weeks after each inspection stating that the fill has been constructed and maintained in accordance with the approved plan.  A copy of the inspection forms and certified report will be retained at the mine office.
4. If any examination or inspection discloses that a potential hazard exists, the Regulatory Authority will be informed promptly of the finding and of the emergency procedures formulated for public protection and remedial action.
RECLAMATION AND REMOVAL REQUIREMENTS
1. Upon final placement of the fill material, the entire fill area will be graded to conform to the approved design plans.  
2. Upon completion of the final grading, topsoil will be replaced in accordance with Part IV of the permit application and all disturbed area will be fertilized, seeded, limed, and mulched, in accordance with the approved reclamation plan in the original permit application, to stabilize the area and prevent erosion.  Soil amendments will be added as necessary to improve growth and coverage of vegetation. 
3. The final configuration of the fill area will blend with the adjacent areas and will be suitable for the post mining land use of undeveloped land.
4. There will be no removal requirements since the fill is proposed to be permanent.

DIVERSION DITCH AND DIVERSION BERM

DESIGN AND CONSTRUCTION SPECIFICATIONS
1)
Temporary diversions will be designed and constructed to adequately carry the runoff from a 2 Year - 6 Hour precipitation event.

2)
Permanent diversions will be designed and constructed to adequately carry the runoff from a 10 Year - 6 Hour precipitation event. Diversions associated with refuse piles (rock dumps, excess spoil disposal areas, etc.) will be designed for 100 year 6-hour event.

3)
Permanent diversions will be designed and constructed with gently sloping banks stabilized with appropriate vegetation.

4)
All diversions will be designed, constructed and maintained, using the best technology currently available, whereas additional contribution of suspended solids to stream-flow and to runoff outside the permit area is prevented.

5)
Maintenance of appropriate gradient, channel lining, re-vegetation, roughness structures, detention basins, etc. will be used, when necessary, as sediment control measures for these diversions.

6)
Diversions will not be constructed on existing landslides nor be located so as to increase the potential for landslides.

7)
Temporary diversions will be removed and the affected area re-graded, topsoiled (if required) and re-vegetated in accordance with Rules 880-X-10C-.10, 880-X-10C-.11, 880-X-10C-.52 thru 880-X-10C-.57 and 880-X-10C-.58, 880-X-10C-.60 and 880-X-10C-.62, when no longer needed.

8)
Channel linings, for diversions with slopes of five (5%) percent or less, will consist of a mixture of both annual and perennial grasses being predominantly fescue and bermuda. Channel linings, for diversions with slopes greater than five (5%) percent, will consist of riprap or other non-erodible material or cut into non-erodible material.

9)
Adequate freeboard will be provided for protection for transition of flows and critical areas such as swales and curves along the entire diversion length.

10)
At discharge points, where diversions intersect with natural streams or exit velocities of the diversion are greater than that of the receiving streams, energy dissipaters will be installed when deemed necessary.

DIVERSION DITCH AND DIVERSION BERM

DESIGN AND CONSTRUCTION SPECIFICATIONS

(continued)

11)
Topsoil removed from the diversion area (if required) will be handled in accordance with Rules 880-X-10C-.07 thru 880-X-10C-.11.

12)
Excess material excavated in the construction of the diversion, not needed for diversion channel geometry or the re-grading of the channel, will be disposed of in accordance with Rule 880-X-10C-.36.

13)
Diversions will not be designed or constructed to divert water into underground mines without written approval from the Regulatory Authority.

14)
The entire area in which a diversion berm is proposed will be cleared and grubbed of all organic material, scarified, and no surface slopes will be left steeper than 1V:1H.

15)
Diversion berms will be constructed with desirable material, free of sod, stones, roots, limbs, etc. over six (6") inches in diameter. This material will be spread in layers no greater than twelve (12") inches in thickness and compacted to ninety five (95%) percent of the standard proctor density, as outlined in ASTM, until the design height is reached.

16)
Upon completion of construction of diversion ditches or diversion berms, all disturbed areas will be seeded with a mixture of both annual and perennial grasses, fertilized, and mulched in order to minimize erosion and ensure re-stabilization.

17) All diversions (berms or ditches) will be examined quarterly for erosion, instability, structural weakness, or other hazardous conditions and maintenance performed as necessary.
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FOUNDATION INVESTIGATION DATA
(BORE HOLE DESCRIPTIONS, SIEVE ANALYSIS & ATTERBURG LIMITS)

REAME STABILITY ANALYSIS OUTPUT
REAME DRAWINGS

REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
INPUT FILE NAME  -M:\REAME\Birmingham Coal and Coke\Old Union #2\ESDA-1_PR.DAT

TITLE -P-3962 - EXCESS SPOIL DISPOSAL AREA NO. 1

NO. OF STATIC AND SEISMIC CASES (NCASE) = 1 

NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0 

TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )

ANALYSIS BY DETERMINISTIC METHOD   ( PROB = 0 )

CASE NO.  1   SEISMIC COEFFICIENT (SEIC) =0.000

NO. OF BOUNDARY LINES (NBL) = 3 

NO. OF POINTS ON BOUNDARY LINE 1 = 2 

 1  X COORD.= 45.98         Y COORD.= 78.33 

 2  X COORD.= 600           Y COORD.= 0 

NO. OF POINTS ON BOUNDARY LINE 2 = 2 

 1  X COORD.= 45.98         Y COORD.= 81.33 

 2  X COORD.= 600           Y COORD.= 3 

NO. OF POINTS ON BOUNDARY LINE 3 = 6 

 1  X COORD.= 45.98         Y COORD.= 81.33 

 2  X COORD.= 186.73        Y COORD.= 98.2 

 3  X COORD.= 310.51        Y COORD.= 98.2 

 4  X COORD.= 436.6         Y COORD.= 49.2 

 5  X COORD.= 475.26        Y COORD.= 52.7 

 6  X COORD.= 600           Y COORD.= 3 

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

 1    -0.141

 2    -0.141

 3     0.120     0.000    -0.389     0.091    -0.398

MIN. DEPTH OF TALLEST SLICE (DMIN) = 0 

NO. OF RADIUS CONTROL ZONES (NRCZ) = 1 

RADIUS DECREMENT (RDEC) FOR ZONE 1 = 0 

NO. OF CIRCLES (NCIR) FOR ZONE 1 = 5 

NO. OF BOTTOM LINES (NOL) FOR ZONE 1 = 1 

LINE NO. (LINO)  BEG. NO. (NBP)  END NO. (NEP)

      1                1              2 

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN POUND.

SOIL  ENVELOPE COHESION    FRIC. ANGLE     UNIT WEIGHT

 No.   (TSSE)    (C)         (PHID)           (G)

  1       1     180.000       30.540         135.960

  2       1       0.000       35.000         135.000

USE PORE PRESSURE RATIO

USE GRID

NO. OF SLICES (NSLI) = 10 

NO. OF ADD. CIRCLES (NAC) = 3 

ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2)

NUMBER OF FORCES (NFO)= 0 

SOFT SOIL NUMBER (SSN)= 0 

PORE PRESSURE RATIO (RU) = 0.1 

NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0 

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 440    Y COORD. = 330 

POINT 2 X COORD. = 440    Y COORD. = 80 

POINT 3 X COORD. = 640    Y COORD. = 80 

X INCREMENT (XINC) = 24     Y INCREMENT (YINC) = 24 

NO. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND12) = 5 

NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23) = 4 

ONLY A SUMMARY TABLE IS PRINTED (NPRT = 0)

SLICES WILL BE SUBDIVIDED

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE 

MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES 

CENTER  X   CENTER  Y        NO. OF CIRCLE          LOWEST   WARNING 

COORDINATE  COORDINATE    TOTAL CRITIC. RADIUS       F.S. 

 440.0        330.0         8     8    265.032       1.606      0

 440.0        280.0         8     8    218.283       1.608      0

 440.0        230.0         8     8    171.533       1.610      0

 440.0        180.0         8     8    124.783       1.614      0

 440.0        130.0         8     8     78.033       1.623      0

 440.0        80.0          8     8     31.284       3.269      0

 490.0        330.0         14    12   282.740       1.603      0

 490.0        280.0         8     5    234.591       1.595      0

 490.0        230.0         5     1    212.336       2.579      0

 490.0        180.0         5     1    162.828       2.919      0

 490.0        130.0         8     8     80.424       3.482      0

 490.0        80.0          8     8     32.467       1.863      0

 540.0        330.0         8     1    318.351       2.305      0

 540.0        280.0         8     8    237.965       2.311      0

 540.0        230.0         8     8    190.279       1.896      0

 540.0        180.0         8     8    143.602       1.605      0

 540.0        130.0         8     8     97.000       1.573      0

 540.0        80.0          8     8     50.398       1.586      0

 590.0        330.0         8     8    301.339       1.684      0

 590.0        280.0         8     8    254.737       1.561      0

 590.0        230.0         8     8    208.135       1.561      0

 590.0        180.0         8     8    161.533       1.561      0

 590.0        130.0         8     8    114.931       1.562      0

 590.0        80.0          8     8     68.321       1.564      1

 640.0        330.0         8     8    319.124       1.556      1

 640.0        280.0         8     8    272.520       1.556      1

 640.0        230.0         8     8    225.924       1.555      1

 640.0        180.0         8     8    179.346       1.555      1

 640.0        130.0         6     6    132.895       1.555      1

 640.0        80.0          1     1     86.770    1000.000      1

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

 690.0        330.0         8     8    337.192       1.554      1

 690.0        280.0         5     5    290.762       1.554      1

 690.0        230.0         1     1    244.191    1000.000      1

 690.0        180.0         1     1    198.567    1000.000      1

 690.0        130.0         1     1    155.657    1000.000      1

 690.0        80.0          1     1    118.444    1000.000      1

 740.0        330.0         1     1    355.709    1000.000      1

 740.0        280.0         1     1    310.369    1000.000      1

 740.0        230.0         1     1    266.700    1000.000      1

 740.0        180.0         1     1    225.675    1000.000      1

 740.0        130.0         1     1    189.021    1000.000      1

 740.0        80.0          1     1    159.778    1000.000      1

 440.0        380.0         8     8    311.782       1.667      0

 490.0        380.0         8     8    329.293       1.602      0

 540.0        380.0         5     1    367.858       2.216      0

 590.0        380.0         8     8    348.231       1.884      0

 640.0        380.0         8     8    365.735       1.557      1

 690.0        380.0         8     8    383.740       1.555      1

 740.0        380.0         4     4    402.139       1.554      1

LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW

COORDINATE  440.000  490.000  540.000  590.000  640.000  690.000  740.000

   380.000    1.667    1.602    2.216    1.884    1.557    1.555    1.554

   330.000    1.606    1.603    2.305    1.684    1.556    1.554 1000.000

   280.000    1.608    1.595    2.311    1.561    1.556    1.554 1000.000

   230.000    1.610    2.579    1.896    1.561    1.555 1000.000 1000.000

   180.000    1.614    2.919    1.605    1.561    1.555 1000.000 1000.000

   130.000    1.623    3.482    1.573    1.562    1.555 1000.000 1000.000

    80.000    3.269    1.863    1.586    1.564 1000.000 1000.000 1000.000

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING  5  CENTERS

FACTOR OF SAFETY = 1.602 AT (490.000,380.000)

FACTOR OF SAFETY = 1.554 AT (740.000,380.000)

FACTOR OF SAFETY = 1.554 AT (690.000,330.000)

FACTOR OF SAFETY = 1.595 AT (490.000,280.000)

FACTOR OF SAFETY = 1.555 AT (640.000,180.000)

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE 

MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES 

CENTER  X   CENTER  Y        NO. OF CIRCLE          LOWEST   WARNING 

COORDINATE  COORDINATE    TOTAL CRITIC. RADIUS       F.S. 

 740.0        380.0         4     4    402.139       1.554      1

 764.0        380.0         1     1    411.127    1000.000      1

 716.0        380.0         7     7    393.289       1.554      1

 740.0        404.0         7     7    424.439       1.554      1

 740.0        428.0         6     6    446.759       1.554      1

 764.0        404.0         1     1    433.240    1000.000      1

 716.0        404.0         8     8    415.555       1.554      1

 746.0        404.0         5     5    426.656       1.554      1

 752.0        404.0         1     1    428.842    1000.000      1

 746.0        410.0         4     4    432.238       1.554      1

 746.0        398.0         3     3    421.086       1.554      1

AT POINT (746.0 , 404.0) RADIUS 426.656

THE MINIMUM FACTOR OF SAFETY IS 1.554

AFTER SEARCH, MINIMUN F.S. STILL FALLS OUTSIDE THE GRID, SO GRID IS EXPANDED

CENTER  X   CENTER  Y        NO. OF CIRCLE          LOWEST   WARNING 

COORDINATE  COORDINATE    TOTAL CRITIC. RADIUS       F.S. 

 440.0        430.0         8     8    358.532       1.805      0

 490.0        430.0         8     8    376.088       1.602      0

 540.0        430.0         5     1    417.366       2.207      0

 590.0        430.0         8     8    395.861       2.129      0

 640.0        430.0         8     8    412.349       1.593      1

 690.0        430.0         8     8    430.306       1.555      1

 740.0        430.0         6     6    448.624       1.554      1

 790.0        430.0         1     1    467.364    1000.000      1

 790.0        380.0         1     1    422.172    1000.000      1

 790.0        330.0         1     1    378.192    1000.000      1

 790.0        280.0         1     1    335.900    1000.000      1

 790.0        230.0         1     1    296.022    1000.000      1

 790.0        180.0         1     1    259.671    1000.000      1

 790.0        130.0         1     1    228.537    1000.000      1

 790.0        80.0          1     1    205.010    1000.000      1

          SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE  SLICE    WATER   BOTTOM  TOTAL     EFFEC.    RESIS.   DRIVING

NO.  NO. WIDTH  HEIGHT   HEIGHT   SINE   WEIGHT    WEIGHT    MOMENT   MOMENT

 1   2   1.680   0.020    0.000 -.388  .449E+01  .404E+01  .111E+04  .742E+03

 2   2   1.680   0.053    0.000 -.384  .120E+02  .108E+02  .298E+04  .197E+04

 3   2   1.680   0.078    0.000 -.380  .176E+02  .159E+02  .439E+04  .286E+04

 4   2   1.680   0.094    0.000 -.376  .214E+02  .192E+02  .532E+04  .343E+04

 5   2   1.680   0.102    0.000 -.372  .232E+02  .209E+02  .579E+04  .368E+04

 6   2   1.680   0.102    0.000 -.368  .232E+02  .208E+02  .579E+04  .364E+04

 7   2   1.680   0.094    0.000 -.364  .213E+02  .191E+02  .532E+04  .330E+04

 8   2   1.680   0.077    0.000 -.360  .175E+02  .157E+02  .439E+04  .269E+04

 9   2   1.680   0.052    0.000 -.356  .119E+02  .107E+02  .298E+04  .180E+04

10   2   1.680   0.019    0.000 -.352  .442E+01  .398E+01  .111E+04  .664E+03

                                                      SUM  .392E+05  .248E+05

AT CENTER (746.000 , 404.000) WITH RADIUS 426.656 AND SEIS. COEFF. 0.00

FACTOR OF SAFETY BY NORMAL METHOD IS 1.582

FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.554

SUMMARY OF STABILITY ANALYSIS

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD

NUMBER OF CASES =  1 

CASE 1  SEISMIC COEFFICIENT =  0 

FACTOR OF SAFETY BASED ON 2D ANALYSIS = 1.554
DRAINAGE MAP
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