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mcgehee engineering corp

July 16, 2015

Richard A. Gates, District Manager
Mine Safety & Health Administration
1030 London Drive, Suite 400
Birmingham, AL 33211
205/290-7300

Jim Kelly, P.E.

DOL, MSHA, PSHTC
Building 38

626 Cochrans Mill Road
Post Office Box 18233
Pittsburgh, PA 15236

RE:  Responses to MSHA Comments Dated July 8™, 2015
Qak Grove Resources, LLC.
Concord Mine
MSHA L1.D.: 01-00329
Proposed Slurry Impoundment No. 6

Gentlemen:

McGehee Engineering Corp. (MEC) has prepared responses to Mine Safety and Health
Administration (MSHA) comments regarding Oak Grove Resources, LLC. (OGR)
proposed slurry impoundment near Hueytown, Alabama. Following are MSHA's review
comments and MEC’s corresponding responses. A copy of MSHAs review letter is also
attached.

COMNMENTS AND RESPONSES

MSHA Comment No. 1
With respect to previous item 25, the designer should be aware that the 20 acre-foot

impoundment storage capacity, as referenced by 30 CFR §77.216(a)(!) to require an MSHA-
approved design, is calculated from the upstream toe of the dam to the crest of the embankment
and not to the spiliway control section elevation. The spillway controls the normal pool, but not
the total storage. As currently drawn, the sediment basin volume appears to be above this value,
s0 as stated earlier, when the sediment basin design Is finalized, it will need to be smalier or

approved by MSHA.
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Response No. 1
The proposed sediment basin referenced in previous item 25 and comment No. [ has been

removed from the Plan View Drawing (Sheet 2 of 10), Watershed Map (3 0of 10) and
Abandonment Map (Sheet 10 of 10). Replacement drawings and maps listed above are included
in this submittal. Any proposed sediment basin or impoundment final design at this facility will
be in accordance with all State and Federal regulations.

MSHA Comment No. 2
The action level for Piezometer No. 2 is shown as 530 feet in the table on Sheet 5 of 10, which is the

elevation of the ground surface at its location. This elevation is higher than the phreatic surface at this
location that was used in the slope stability analysis. The table should be corrected.

Response No. 2
The Standard Details Sheet, Sheet 5 of 10 has been revised to show the correct action level of

505 MSL for Piezometer No. 2. A replacement Sheet 5 0f 10 is enclosed.

MSHA Comment No. 3

In response to previous item 27, the company revised Section 1.1 of the Specifications, Site
Preparation, to “ensure any joints or cracks in rock foundations are sealed off using a protective
filter.” Although a filter constructed over a crack might prevent excessive water or eroded soil
[from entering the crack from above, surface cracks may indicate cracks that extend far below the
surface. Significant flows of waier could flow along subsurface cracks, having entered the crack
upstream of the area identified at the surface and increasing the hydrostatic head farther
downstream at the boitom of the embankment. It is recommended that cracks in the foundation
material be filled, as suggested in MSHA's Engineering and Design Manual for Coal Refuse
Disposal Facilities (Design Manual), Section 8.5.1.7. Constructing a filter over filled cracks
would provide an added degree of protection, so this measure should not be discarded.

Response No. 3
Any cracks or joints discovered in the foundation area shall be treated by grouting or other

measures to prevent them from transmitting high hydrostatic pressures and to eliminate potential
paths for internal erosion as recommended in Section 8.5.1.7 of MSHA’s Design Manual,
Installing the protective filter described in Appendix A, Section 1.1 shall remain as part of this

plan.

MSHA Comment No. 4
Previous item 32 noted that a list of all drawings showing the lalest revision for each

should be provided either on a drawing or in the specifications. If this is not done, the
inspector or construction supervisor cannot be sure he/she is looking at the current
approved drawing. Simply including a revision number on each drawing, as the response
indicates was done, does not provide this assurance.

Response No. 4
The enclosed sheet showing the map name, sheet number and date of revision shall be inserted

in Appendix D following the cover page for Appendix D.
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MSHA Comment No. §

In response to previous item 29, the company states that compaction will be performed by
“tracked mobile equipment, compactor or rubber-tired equipment available at the mine.”
Optimum compaction of cohesive soils requires specialized equipment, as noted in the
MSHA Design Manual, in Sections 11.4.3 and 11.5 and Table 11.5. Although density
testing will be performed for quality control, compaction equipment should not be used
that is not likely to provide consistently adequate compaction.

Response No. 5
An appropriately sized sheepsfoot roller shall be used for compaction of fill material as
recommended by the reviewer in previous item 29 and this comment No. 3.

MSHA Comment No. 6

In response to previous item 7, it is noted that a double hydrometer test (ASTM D4221) on the
one sample from Test Pit 15 indicated a dispersivity of 39.5 percent. The response also states
that the MSHA Design Manual indicates this level of dispersivity is “only moderately
dispersive.” Table 6-14 of the MSHA Design Manual does identify the range of 15-40 percent
as “moderately dispersive,” while dispersivity above 40 percent is “highly dispersive” and
should not be used in dams. The Design Manual also notes that the pinhole test (ASTM
D4647) is the most reliable method of determining clay dispersivity. This is because it is a
direct, rather than indirect method of determining dispersivity. As only one sample was tested
and it showed moderate dispersivity, it would be prudent to test a number of samples using
the pinhole test. If the material is determined to be less than highly dispersive, MSHA does
not categorically prohibit its use, but protective measures may be prudent. Two publications,
USDA Soil Conservation Service Soil Mechanics Note 13 (1991), and USBR Report R-91-09
(1991) describe the potential problems with the use of dispersive soils in dams and suggest
possible mitigative design and construction measures if dispersive soils are used in dam
construction. The designer should perform pinhole tests on soil from TP-15 and consider
mitigative measures unless the material is determined (o be non-dispersive.

Response No. 6

Pinhole tests on material from samples sites (test pits) TP-10 and TP-15 were recently
performed by Geo/Environmental Assoctates in Knoxville, Tennessee. The sample material was
remolded to 95% of the proctor (+2% moisture) for each respective soil. Results of each soil
show them to be nondispersive. The pinhole test results are included in this submittal.

Additional material from each test pit was obtained and blended at a 1 to 1 ratio. A proctor was
performed on the 1 to 1 blend prior to running a pinhole test on the blend. Results of the
blended material pinhole test also show the material to be nondispersive. Results of the blended
proctor and pinhole test are included in this submittal.
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Please let me know if you have any questions or need any additional information.

Sincerely,

McGehee Engineering Corp.

Jeff Aldridge, P.E.
Alabama Reg. No. 33659
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letf Aldridge

From: Donahue, Paul - MSHA <Dcnahue.Paul@DOL.GOV >
Sent: Wednesday, July 08, 2015 3:31 PM

Tao: Jjeff@mcgehee.org; raiphdopez@CliffsNR.com

Cec: Martin, Eddie - MSHA; Blank, Darren J - MSHA

Subject: FW: Request for Additional Information - AL11-00329-09

Request for Additional Information Associated with the Revised Plan for Slurry Impoundment No. 6, Concord
Mine

Submittal dated April 6, 2015 (Received in PSHTC on Apnl 10, 2015)

Oak Grove Resources, LLC, Mine [.D. No. ¢1-00329

MSHA I.D. No. AL11-00329-09

Hueytown, Alabama

This emaii references the following two submittals:

[.  “Slurry Impoundment No. 6 Detailed Design Plans,” prepared by McGehee Engineering Corp. (MEC),
dated June 17, 2014, and received in this oftice on June 24, 2014.

2 “Responses to MSHA Comments dated January 30, 2015, prepared by MEC, dated April 3, 2015, and
received in this office on April 10, 2015,

The review of the original plan (submittal number 1, above) resulted in a request for information from
Fechnical Support dated January 16, 2015, which included 33 items that needed to be addressed. The items in
our January 2015 information request included: material- and stability-related issues; seepage- and drainage-
related issues; spillway, groin ditch, and sediment basin question; and embankment construction-related
1ssues. The company provided a response to that email via the second subject submittal. Most of the issues
were adequately addressed by the company’s response; however; there are a few items that still require

resolution.

Before the proposed plan can be recommended for approval, the comments below need to be addressed.

1. With respect to previous item 23, the designer should be aware that the 20 acre-foot impoundment
storage capacity, as referenced by 30 CFR §77.216(a)(1) to require an MSHA-approved design, 1s
calculated from the upstream toe of the dam to the crest of the embankment and not to the spillway
controf section elevation. The spillway controls the normat pool, but not the total storage. As currently
drawn, the sediment basin volume appears to be above this value, so as stated earlier, when the
sediment basin design is finalized, it will need to be smaller or approved by MSHA.

The action level for Piezometer No. 2 is shown as 530 feet in the table on Sheet 5 of 10, which 15 the
elevation of the ground surface at its location. This elevation is higher than the phreatic surface at this
location that was used in the slope stability analysis. The table should be corrected.

(S

In response to previous item 27, the company revised Section 1.1 of the Specifications, Site
Preparation, to “ensure any joints or cracks in rock foundations are sealed off using a protective
filter.” Although a filter constructed over a crack might prevent excessive water or eroded soil from
entering the crack from above, surface cracks may indicate cracks that extend far below the

surface. Significant flows of water could flow along subsurface cracks, having entered the crack
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upstream ot the area identified at the surface and increasing the hvdrostatic head farther downstream at
the bottom of the embankment. [t 1s recommended that cracks in the foundation material be filled, as
suggested in MSHA's Engineering and Design Manual tor Ceal Refuse Disposal Facilities (Design
Manual), Section 8.3.1.7. Constructing a filter over [illed cracks would provide an added degree of
protection, so this measure should not be discarded.

4. Previous item 32 noted that a list of all drawings showing the latest revision for each should be
provided either on a drawing or in the specifications. If this is not done, the inspector or construction
supervisor cannol be sure he/she is looking at the current approved drawing. Simply inctuding a
revision number on each drawing, as the response indicates was done, does not provide this assurance.

In response to previous item 29, the company states that compaction will be performed by “tracked
mobile equipment, compactor or rubber-tired equipment available at the mine.” Optimum compaction
of cohesive soils requires specialized equipment, as noted in the MSHA Design Manual, in Sections
11.4.3 and 11.5 and Table 11.5. Although density testing will be performed for quality control,
compaction equipment should not be used that is not likely to provide consistently adequate

compaction.

N

6. In response to previous item 7, it is noted that a double hydrometer test (ASTM D4221) on the one
sample from Test Pit 135 indicated a dispersivity of 39.5 percent. The response also states that the
MSHA Design Manual indicates this level of dispersivity is “only moderately dispersive.” Table 6-14
of the MSHA Design Manual does identify the range of 15-40 percent as “moderately dispersive,”
while dispersivity above 40 percent is “highly dispersive” and should not be used in dams. The Design
Manual also notes that the pinhole test (ASTM D4647) is the most reliabie method of determining clay
dispersivity. This is because it is a direct, rather than indirect method of determining dispersivity. As
only one sample was tested and it showed moderate dispersivity, it would be prudent to test a number
of samples using the pinhole test. [f the material is determined to be less than highly dispersive,
MSHA does not categorically prohibit its use, but protective measures may be prudent. Two
publications, USDA Soil Conservation Service Soil Mechanics Note 13 (1991), and USBR Report R-
91-09 (1991) describe the potential problems with the use of dispersive soils in dams and suggest
possible mitigative design and construction measures if dispersive soils are used in dam construction.
The designer should perform pinhole tests on soil from TP-15 and consider mitigative measures unless

the matertal is determined to be non-dispersive.

To expedite the approval process, the revised drawing(s) and specifications can be sent directly to me and
to District 11, Coal mine Safety and Health. My mailing address is:

Jim Kelly

DOL, MSHA, PSHTC
626 Cochrans Mill Road
Post Office Box 18233
Pittsburgh, PA 15236

Respectfully,

James M. Kelly, P.E.
“vit Engineer

line Waste and Geotechnical Engineering Division
Pittsburgh Safety and Health Technology Center
412-386-5340



LIST OF REVISED MAPS & DRAWINGS

MAP/DRAWING SHEET REVISION DATE
Plan View 2of10 No. 1 04-02-15
No. 2 07-14-15
Watershed 30f10 No. | 07-14-13
Standard Detaiis 50f 10 No. | 04-01-13
No. 2 07-14-15

Geotechnical Inv. Hof 10 No. 1 04-02-15
Abandonment 10 of 10 No. 1 07-14-15
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MCGENEE ENQINEENING COND

Cliffs

Concord, Slurry Impoundment #6, TP-10 and TP-15 Mixed
Meisture Density Relationship

TP-10 and TP-15 Mixed
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ILL

MCgeREE ENGINEETNING COMP

April 3, 2015

Richard A. Gates, District Manager
Mine Safety and Health Administration
1030 London Drive, Suite 400
Birmingham, AL 35211

RE:  Submittal Following MSHA Comments Dated January 30“‘, 2015
Qak Grove Resources, LLC.
Concord Mine
MSHA 1.D.: 01-00329
Slurry Impoundment No. 6 Detailed Design Plans

Dear Mr. Gates:

Attached are three (3) binders containing changes, modifications and additional information as
required for our response to MSHA’s comment letter of January 30™, 2015, Multiple pages of
text that reflect response to the comments above are being submitted with this letter. A few of
the pages are submitted only because the page number changed. The attached guide gives
inforration concerning the sections, appendices and drawings that are to be replaced or
transferred from your existing copy to our April 3™, 2015 submittal.

If you have any questions or need additional information, please contact our office.
Sincerely,

McGehee Engineering Corp.

Jeffrey G. Aldndge, P.E.
Alabama Reg. INo. 33959

Post Otlice Box 343. .50 19" Swreet - Jasper, Alabama 35302-3431  205-221-0686 . ax 205-221-772.  .w@mcgehee. org



Replacement Guide for April 3™, 2015 Submittal

Cover page, Table of Contents and Sections 1.0 thru 10.0 — completely replaced by 04-
03-15 submittal

Appendix A should be completely reptaced by 04-03-15 submattal

Appendix B — pages 28 thru 37 replaced by pages 31 thru 40 due to renumbering.
Replacements tor Figure 1 of Tri-axial Shear Test Reports for sample numbers TP-
[0, TP-15 and ST-6 are enclosed. All other Laboratory and Field Test Data remains
the same and was not duplicated for this submittal.

Appendix C can be completely replaced by 04-03-15 submittal. Stage storage,
HEC-1, emergency spillway freeboard information and subsidence calculations have
not changed but were included in our 04-03-15 submittal for ease of transfer for the
MSHA reviewer.

Appendix D drawings 2 of 10, 5 of 10 and 6 of 10 are submitted for replacement.

All other maps remain the same.
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April 3,2015

Richard A. Gates, District Manager
Mine Safety & Health Administration
1030 London Drive, Suite 400
Birmingham, AL 35211
205/290-7300

RE: Responses to MSHA Comments Dated January 30", 2015
Oak Grove Resources, LLC.
Concord Mine
MSHA 1.D.: 01-00329
Proposed Sturry Impoundment No. 6

Dear Mr. Gates:

McGehee Engineering Corp. (MEC) has prepared responses to Mine Safety and Health
Administration (MSHA) comments regarding Oak Grove Resources, LLC. (OGR) proposed
slurry impoundment near Hueytown, Alabama. Following are MSHA’s review comments and
MEC"s corresponding responses. A copy of MSHA's review letter is also attached.

Attached are three (3) binders containing changes, modification and additional information as
required for our response to MSHA concemns.

COMMENTS AND RESPONSES

MSHA Comment No. 1

All but two of the 31 sieve analysis sheets, from testing performed by McGehee Engineering
Corp., show the results of samples taken from the 15 test pits and identify the soil as silty sand
(SM), Clayey sand (SC), or SM-SC. The other two sheets identify the soil Coarse Grained
Sands, with Fines." None of these sheets identified any of the soil as clay. Conversely: the
drilling logs from all seven of the borings identify the soil as sandy clay, five of six gradation
tests performed by Geo/Enviromnental Associates, Inc. (GA) on material from two test pits and
Jour Shelby tubes classified the material as silty clay, with the sixth sample classified as clayey,
sandy silt; and two of the three samples tested triaxially by GA are identified as silty clay, with the
thivd classified as clayey, sandy silt. The apparent conflict between these tests should be resolved.

Response No. 1
Identification of the soils in the borings was by visual inspection only while the Shelby tubes and

test pit materials were based on laboratory analysis.

Post Office Box 3431 50 19" Street  Jasper, Alabama 35502-3431  205-221-068¢ © Fax 205-221-7721 cw@mcgehee.org



As described in our report, sieve analysis was prepared by both MEC and Geo/Environmental
Associates (GEA). Our lab used ASTM method C136 Sieve Analysis of Fine and Coarse
Aggregates. ASTM C136 aliows for dry sieving or washing over the #200 sieve. ASTM C136
refers to incorporate ASTM C117 Materials Finer than #200 Sieve in Mineral Aggregates by
Washing if the minus #200 amount is needed. GEA uses ASTM method D422 Particle-Size
Analysis of Soils and ASTM D6913 Particle-Size Distribution of Soils Using Sieve Analysis.
ASTM D422 and ASTM D69 13 requires/allows for washing the entire sample over a #200 sieve.
The method used by GEA resulted in greater than 50% passing the No. 200 sieve as a result of
additional “clump” breakdown from washing the entire sample as opposed to MEC’s method of
washing only the minus #200. Greater than 50% passing places the material on the lower half of
the Gradation Curve and Atterberg Limits on Fraction Passing a No. 40 Sieve

Our lab at MEC has since adopted the methods of sieve analysis used by GEA. Previously, most
all of our sieve analyses of soils of these types were reported as a SM, SC and SM-SC. Since
changing sieve analysis methods we have started reporting soil classification of CL and ML on a

regular basis.

MSHA Comment No. 2
The areas from which it is planned to excavate soil for embankment construction should be

identified to ensure that the material properties assumed in the stability analyses are
representative of the soil that will be used. If only certain areas contain the silty clay that is
called for by the specifications, those areas should be shown on a drawing.

Respanse No. 2
The materials used in the stability analyses were selected to be representative of the embankment

material. Based on our sampling data, suitable embankment material exist within the entire pool
area and adjacent ridge tops. Soil types of similar quality and appearance such as those that exist
at this site are typically blended during the process of loading the material into a haulage vehicle
for transportation to the embankment. Additional soil samples will be taken as needed for sieve
analysis and standard proctors during construction as specified by the on-site Professional
Engineer or his representative to ensure the embankment material meets the minimum required

criteria.

MSHA Comment No. 3
The effective strength parameters determined for the remolded sample of light reddish clayey,

sandy silt are 29.2 degrees and 500 pounds per square foot (psf), and those for the remolded
sample of light brown/tan silty clay are 30.7 degrees and 200 psf. The strength parameters used
Jor the embankment material in the submitted slope stability analyses (and cited in the narrative)
are 29.2 degrees and 330 psf (vs. the 500 psf from the test report). It may have been more
conservative fo have used the strength parameters of the other sample (30.7 degrees, 200 psf) in
the analvses. The designer should run new stability analyses to determine which set of strength
values will result in the lower factor of safety.

Response No. 3
550 pstwas incorrectly placed on the original stability analysis presentation. 500 pstwas the
actual cohesion used in the original stability analysis. MEC and OGR concur that the stability




analysis should be rerun with botl sets of reported soil values for comparison. Results are
shown in the following Response No. 4 using the Hynes-Griffin and Franklin method as

recommended in MSHA Comment No. 4.

MSHA Comment No. 4

The pseudostatic slope stability analysis for deformation screening should have been
performed using the Hynes-Griffin and Franklin method, as recommended in MSHA's
Engineering and Design Manual for Coal Refuse Disposal Facilities (Design Manual).
In this method, for material that is not susceptible to strength loss due to the design
seismic event, 80 percent of the undrained pealk strength is used for clay-like material
and the lower of the drained and undrained peak strength is used for sand-like
material.  The Design Manual describes the method of determining which
classification best fits the material. A horizontal acceleration of one-half the design
Peak Ground Acceleration (PGA) is applied to the model. Chapter 7 of the Design
Manual, and specifically section 7.7, outlines the method by which design earthquake
parameters can be determined. Earthquake parameters for this significant hazard
potential facility in a moderate-to-high-seismic-hazard zone would be determined as
described in the "Other Cases" block of Figure 7.23.

Response No. 4
MEC and OGR concur with the use of pseudostatic slope stability analysis using the Hynes-

Griffin and Franklin method as recommended. The Peak Ground Acceleration (PGA) for the
site was determined to be 0.138 (rounded to 0.14) from available USGS data. 0.1 (min. allowed
value) is allowable for use as the seismic coetficient because the one half value of the PGA is
less than 0.1. However, MEC chose to use the full PGA of 0.14 for the predicted phreatic line
case/normal conditions to be more conservative. 80% pstf cohesion values were used as
recommended. Hynes-Griffin and Franklin method resulted in the following minimum factor of
safety for soils taken from Test Pit/sample site TP-10 and T-15:

Sample Site Embankment | Embankment No. 3
No. 1
TP-10
Static Fs \ 2.65 1.94
Fs (@ phreatic action level 1.85 Not Applicable
Seismic Fs 1.6 1.32
Fs (@ phreatic action level 1.32 Not Applicable
TP-13
Static Fs 2.49 1.90
Fs (@ phreatic action level 1.74 Not Applicable
Seismic Fs 1.61 1.29
Fs @ phreatic action level | 1.2 | Not Applicable ‘

The piezometer action level was determined by raising the phreatic line well above the predicted
phreatic line and performing stability analyses for static and dynamic conditions (0.1g) for both



types of seil. Worst case situation is with TP-135 seismic case with the elevated plhreatic level.
That case was used to determine the piezometer action levels presented later in this report.
Revised stability analyses for each factor of safety reported above is included with this submittal
for insertion into MSHA's design plan copies.

MSHA Comment No. 5

Embanikament cross sections that arve analyzed for slope stability should be the most critical
sections in the respective embankments. The submitted slope stability analyses for the main
embanlkment were performed on a section with a toe elevation of 471.8 feet. The plan view
drawing shows that the downstream toe of this embankment is ai elevation 466 feet. If the
designer believes that the analyzed cross section is more critical than the section with the
longest downstream slope, the reasoning for this opinion should be stated. Otherwise,
slope stability analyses for the main embankment should be performed on the cross section
that has its downstream toe at elevation 466 feet.

Response No. 5
The stability analysis cross section for Embankment No. 1 was relocated to have a toe

elevation of 466 MSL as recommended.

MSHA Comment No. 6
The boreholes from which the Shelby tube samples were obtained should be identified. If they
were taken from boreholes other than the seven that are identified, their locations should be

shown on a drawing.

Response No. 6

Shelby tubes §T-2, §T-3, ST-6 and ST-7 directly adjacent to the bore hole with the
corresponding numerical digiti.e. DH-2 and ST-2. Shelby tube locations have been shown on
the Plan View Map, Sheet No. 2 of 10 and noted on the map [egend.

MSHA Comment No. 7
The report does not state whether the clay in the area(s) from which the embankment material

will be obtained is dispersive or not. Confirmation that the clay is not dispersive should be
provided. If the clay is dispersive, appropriate design measures should be proposed.

Response No. 7
To determine the dispersive properties of the proposed embankment materials, MEC performed a

double hiydrometer test (ASTM D4221) on material from Test Pit 15 (TP-15). TP-15 is also the
predominate foundation material. This analysis indicates a dispersivity of approximately 39.5%.
MSHA’s review manual indicates this level of dispersivity is only moderately dispersive.
Therefore MEC does not propose any design measure for dispersion.




MSHA Comment No. 8

The sheet on Page 37, which appears to be a borehole log, is illegible. A legible copy should be
submitied.

Response No. 8

The sheet on Page 37 is an excerpt from the actual drill log for Diamond Drill Hole No. M-151
(DDH M-151}). The coal section shown on Page 36 of the plans was prepared by others from a
cored section of DDH M-151. Page 37 was submitted has background information to show the
origin or authenticity of DDH No. [31. Our copy is probably a copy of a copy and each copy
decreases the quality of the print. A better quality copy most likely cannot be provided.

MSHA Comment No. 9

The stain rate for the triaxial tests is shown on the test reports as 0.00 inches per minute.
The actual strain rate for these tests should be shown, and it should be confirmed that the
rate is slow enough to achieve accurate results for the low permeability material that was

tested,

Response No. 9
The actual strain rate was 0.003 in./min. Replacement Triaxial Shear Test Reports are enclosed

showing three (3) decimal places for the strain rate rather than two (2) as was submitted.

MSHA Comment No. 10
The proposed underdrain does not extend across the width of the main embankment, but rather,

it runs along the center of the valley, perpendicular to the embankment crest. While the phreatic
surface that is assumed in the slope stability analyses may be reasonable for the cross section
that is in line with the underdrain, cross sections that are not close to the drain will very likely
have a higher phireatic surface that is not modeled in the analyses, which will result in lower
slope stability. The designer should consider either including a chimney drain or a blanket drain
that extends across a significant portion of the dam's width, or using a 3-D seepage analysis to
model the phreatic surface at distances perpendicular to the proposed drain and performing
additional slope stability analyses on less critical cross sections but using the higher phreatic
surface that results from the more complex analysis.

Response No. 10

A lateral drain has been added that runs across a significant portion of the dam’s width from the
beginning of the underdrain. The lateral drain will be placed approximately at natural ground
level in compacted fill and will slope to the underdrain from both sides of the dam. The
underdrain will remain at three (3°) feet by four (4’) feet wide as originally proposed. The lateral
drain will be three (3°) by three (3°) feet. Both drains shall have a 6-inch diameter SDR-11
HDPE perforated pipe throughout their lengths. Calculations for the lateral drain and underdrain
are enclosed in Appendix C. Construction details are shown on the enclosed Standard Details

Sheet, Map 5 of 10.




MSHA Comment No. 11

The proposed locations for the two piezometers (one in the main embankment and one in the
largest saddle dam) will not provide useful characterizations of the actual phreatic surfaces that
develop within the embanfments, They are proposed to be installed near the downstream edge
of the embankment crests. With respect to the saddle dam, the stability analyses that were
submitted assume a horizontal phreatic surface at the maximum normal pool elevation, which is
conservative and the highest it could possibly be, so if all additional slope stability analyses (if
any are determined necessary) demonstrate adequate stability with this phreatic surface, no
additional piezometers would be required. With respect to the main embankment, however,
piezometers at multiple locations on the downstream slope, at some distance from
(perpendicular to) the underdrain (if it vemains as currently proposed) will be required to
adequately establish that the phreatic surface is not higher than assumed in the stability
analyses. In addition, levels at which the engineer and MSHA are notified (corresponding to, or
slightly below, the maximum phreatic surface that corresponds to an adequate factor of safety)

should be established for these piezometers.

Response No. 11

MEC and OGR concur that the relocation of Piezometer No. 1 and an additional piezometer (No.
2) for Embankment No. 1 1s needed as recommended. Piezometer No. 1 has been relocated to a
position on the downstream slope. Piezometer No. 2 has been placed on the safety bench.

The piezometer at Embankment No. 3 has been renamed Piezometer No. 3.

MSHA Comment No. 12
The sheet showing the result of the seepage analysis should indicate: (1} what program was used to
determine the flow rate through the embankment and (2) the soil permeability’s that were assumed

Jor the analysis.

Response No. 12
Seepage analysis of the proposed embankments were performed using the computer program

Seep/W, which was developed by GEO-SLOPE International Ltd., Calgary, Alberta, Canada.
The soil permeability and computer program used was added to the diagrams.

MSHA Comment No. 13
No calculation or procedure was included in the report to confirm the suitability of the geotextile

to be used around the underdrain for use with the embankment material. AASHTO M288-2005
provides guidance on geotextile selection for filtration/drainage, including maximumn
recommended Apparent Opening Sizes (A0S8) for different soil gradations. Geotextiles meeting
Class 2 survivability criteria (from this standard) are recommended for underdrains. The
proposed geotextile should also be tested with the embankment material for clogging resistance,
using a standard test method such as ASTM D 5084 (Hvdraulic Gradient Ratio Test)




Response No. 13
1.) Retention: To evaluate for retention, the equivalent opening size of each fabric was

compared to the grain size of its surrounding soil. Specifically the fabric must meet the

following requirement:

EOS(fabric) <3
Dg_-‘. (Soff)

Where:

¢ EOS = the equivalent opening size of the fabric.
e Dgs = the nominal diameter of spoil particle for which 85% of the soil gradation is finer
as determined from a grain size distribution analysis.

Below are tables summarizing the retention properties of proposed fabrics and soils with which
they come into contact.

Table 1. Summary of Retention Properties for Mirafi FW700 and Propex 1199

Soil EOS (fubric) |  Dss (soil) EOS:Dss COMMENT
Sample _

ST-2 0212 0.33 0.61 E0S:Dgs<3
ST-6 0212 0.20 0.94 EOS:Dgs<3
ST-7 0.212 0.16 1.33 EOS:Dys<3
TP-10 0.212 0.80 0.27 EOS:Dgs<3
TP-15 [ 0212 0.075 2.83 EOS:Dgs<3

2.) Permeability: The estimated flow per square foot through the proposed in-place filter
fabric is less than 0.01 gatlons per minute per square foot. Mirafi FW700 and Propex
1199 have permeability ratings of 18 and 22 gallons per minute per square foot,
respectively.

3.) Clogging: Clogging characteristics of the filter fabric and the proposed back fill material
were evaluated using the gradient ratio test. Specifically the gradient ratio filter test was
conducted using the proposed fill materials from sample site TP-15 and Mirati FW 700
filter fabric. As shown in the attached results, the fabric/soil cover system has a gradient
ratio less than three (GR< 3). Therefore, clogging of the soil and filter fabric system is
not expected.

MSHA Comment No. 14
The specifications do not include any requirement for the overlap length or fastening method to

be used for the geotextile surrounding the underdrain, This information should be included in

the specifications.



Response No. 14
A detail of the interna! drain is shown on the Standard Details Sheet, Map 5 of 10 with overlap

geotextile overlap requirements. The internal drain will be wrapped in fiiter cloth with a
minimum two (27) foot overlap. A two (27) overlap shall be provided between sections of
geotextile. “U” shaped fasteners shall be used as needed to fasten the geotextile overlaps.

MSHA Comment No. 13
It is recommended in the Design Manual that weirs be installed to monitor the outflow from

underdrains and confirm that they are operating as designed. The designer should consider the

installation of a welir at the underdrain outflow.

Response No. 13
Installation of a weir has been provided for on the Standard Details Drawing, Map Sheet 5 of 10

and Appendix A, Construction Specifications.

MSHA Comment No. 16
The spillway details do not show any penetrations through the transverse footers below the

spillway. This would preveni water that may accumulate in the crushed stone below the spillway
concrete from traveling downstream. Provision should be made for water to pass through the
Jfooters from the crushed stone layer upstream of the footer to the crushed stone layer

downstream of the footer.

Response No. 16
MEC typically includes footers for spillways constructed through fill material because of the

potential for settlement and cracking. However, this spillway is to be constructed completely in
cut. The crushed stone was added to a previously designed impoundment at the request of that
particular reviewer and has been carried forward in our subsequent plans. Our experience has
been that when a spillway leaks, the footer serves its intended purpose and stops the water flow
from continuing undemneath the spillway. Instead, the water is forced up and around the footer
and usually re-enters the spillway. An intermediate footer with provisions to allow water to pass
through it would serve no purpose. The typical spillway cross section has been modified to
remove the requirement of intermediate footers. A footer at the entrance and exit of the spillway
will be installed. 27 PVC pipe on two (27) foot centers will be installed through the spillway exit

footer.

MSHA Comment No. 17

The spillway longitudinal cross-section drawing shows the bottom of the spillway. It is not clear
from the drawing that the one-foot-deep footers continue below the side walls. Common practice
is for footers to continue below the side walls. If this was the intent it should be clarified. It
should also be made clear that footers are constructed below the ends of the side walls.




Respouse No. 17
Footer proposed for tlie entrance and exit of the spillway will extend up the side slopes under the

side walls.

MSHA Comment No. 18
The specilications do not include provisions for testing of the spillway concrete to ensure the desired

quality and strengtn is achieved. Quality control provisions should be added.

Response No. 18
Given that this spillway will be constructed entirely in cut in natural ground, mostly weathered

sandstone (see DH-4) it would be impossible for failure of thiis impoundment to occur due to
failure of the spillway. MEC and OGR propose the following: minimum two (2} four (47) by
eight (8”) cylindrical concrete tests specimen shall be made per 20 yd® of concrete. Samples shall
be taken and cured according to ASTM C31/C31M-12 “Standard Practice for Making and
Curing Concrete Test Specimens in the Field” and tested according to ASTM C39/C39M-12a
“Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens”.

MSHA Comment No. 19
The dimension shown on the "Typical Spillway Cross-Section” for the distance from the control

section to the first footer is "30° MIN." From the note on this same cross-section, it appears that
the "MIN" was not intended, or should have read "MAX " If the "MIN" was intended, there
should also be a maximum distance stated. On the same cross-section it appears that the open
space between the dimension arrows should indicate 30 feet,

Response No. 19
Provisions for the intermediate footers has been removed from the plan

MSHA Comment No. 20
On Map 3, the term "Expansion Joint" is only used on the detail for this joint. It should be made

clear on the cross-section drawings of the spillway which joints (e.g., lateral and longitudinal)
are to be constructed using this detail

Response No. 20
Expansion joints are intended only for lateral joints. Side slopes are to be poured in a continuous pour

with the bottom slab of the spillway. See note for Typical Longitudinal Joint on Standard Details Sheet,
Sheet 5 of 10.

MSHA Comment No. 21
The "Impoundment Profile" on Map 5 incorrectly shows the spilbvay constructed through the

main embaniment. This should be corrected.

Response No. 21
The location of the spillway shown on the “Impoundiment Profile” was for representation
purposes only and has been changed as the reviewer requested the Standard Details Sheet, Sheet

3 of 10,




MSHA Comment No. 22
The MSHA Design Manual recommencds that viprap channel linings have a minimum

thickness of the greater of either the maximum riprap size or .25 times the D30 size. Using
this criterion, the thickness of the riprap laver in the groin ditch should be increased.

Response No. 22
Dunas of the groin ditches as proposed is 1.07. 1.5 ot Dspis 11.125”. The minimum riprap

thickness shall be 1.2’

MSHA Comment No. 23
The riprap-lined groin ditch should include either geotextile or a layer of smaller stone

benween the riprap and the soil.

Response No. 23
[ts MEC's and OGR’s belief that geotextile fabric or a layer of smaller stone between the riprap

and the soil as described in MSHA’s Engineering and Design Manual is intended for continuous
flow applications or in high occasional flow situations. The water flow in the groin ditches at
this site 1s 16.75 c¢fs for a 100 year 6-hour event, 12.79 cfs for a 235 year 6-hour event and 5.71
cfs for a 10 year 24-hour event. Based on our experience with numerous impoundments in this
area, the use of geotextile or smaller stone is unnecessary for this type application. . ..especiatly
when the rip rap is “walked in”. The groin ditches rip rap shall be “walked in” with the
equipment used to place the stone.

MSHA Comument No. 24
No calculations for the riprap groin ditch design were included. These should be included

in the response submittal.

Response No. 24
A SEDCAD analysis of a typical groin ditch for Slurry Impoundment No. 6 is provided. A

typical ditch detail is shown on the Standard Details Sheet, Sheet S of 10.

MSHA Comment No. 25
The storage volume of the proposed sediment basin that takes the outflow from the spilhvay

is approximately 24 acre-feet. Impoundments of this size require design plans to be
submitted to MSHA, accompanied by the same level of documentation as large slurry
impoundments. The company may wish to redesign the sediment basin to store less than 20
acre-feet. Otherwise, all documentation required by 30CFR §77.216 should be submitted

Jfor the sediment basin.

Response No. 23
The sediment basin that will eventually take outflow from the spillway has not yet been

finalized and was included on the Plan View Map for representation purposes. However,
the normal pool shown (in blue) and the emergency spillway are located at 540 MSL
providing approximately 9.7 ac-ti. of storage. Final design of the basin will be completed at




a later date for submittal to the Alabama Surface Mining Commission. Design storage

volume shall be below 20 ac-ft.

MSHA Comment No. 26
Although no details of the sediment basin are shown in the submittal (other than its

embankment in plan view), it appears likely that its storage capacity will be exceeded during
non-exceptional precipitation events. The designer should consider lining its abutment
surfaces and the crest and downstream slope of the embankment with non-erodible material,
or including other design features to prevent its destruction.

Response No. 26
The Alabama Surface Mining Commission requires sediment basin designs to be in accordance

with the Regulations of the Alabama Surface Mining Commission as adopted by Act 81-435 of
December 18, 1981 and as amended to date. Specifically 880-X-C-.20.

MSHA Comment No. 27

The plan and specifications should include a pre-construction inspection of the ground
within the embankment footprints for cracking that may be a consequence of the deep
mining. While breakthrough is not an issue in this case, cracks in the foundation soil or
rock could provide a preferential path for seepage and adversely impact the performance of
the impoundment.  Actions to minimize the effect of any such cracks that are found should
also be included in the plan and specifications.

Response No. 27

The embankment foundation area will be investigated to locate openings and zones of high
permeability. Precautions will be taken during foundation preparation to ensure any joints or
cracks in rock foundations are sealed off using a protective filter. See Appendix A, Section 1.1,

Site Preparation.

MSHA Comment No. 28
The specifications should include a requirement that the embankment foundations be proof
rolled following the removal of topsoil and compressible debris.

Response No. 28
The embankment foundations shall be proof rolled following the removal of topsoil. Additional
removal of'undesirable material and additional proofrolling shall be conducted as needed. See

Appendix A, Section 1.2 Topsoil Removal.

MSHA Comument No. 29

Fine-grained, low permeability material is typically compacted in 8-inch layers using
compaction equipment suitable for its compaction, such as sheepsfoot rollers or rubber-tired
rollers. The specifications should include the use of the particular equipment and compaction
method best-suited for the materials that will be used in the embankments. The specifications




should require that if the compaction equipment leaves a smooth surface, the surface shall be
scarified before placement of the subsequent lift.

Response No. 29

Maximum lift has been changed in Appendix A to reflect the reviewers recommendation of 87
Comments as follows have been added to Appendix A “Backfill material will be spread using
“caterpillar” type tracked mobile equipment. Compaction will be achieved by tracked mobile

equipment, compactor or rubber tired equipment available at the mine. Each lift shall be

scarified after compaction for placement of the next lift.

MSHA Comment No. 30
A method of easily determining the pool elevation, such as a staff gauge, should be specified

in the plan.

Response No. 30
Appendix A Section 1.9 requires a staff gauge to be installed and maintained as needed to

determine the pool elevation.

MSHA Comment No. 31
Throughout the specifications, the word “should" should be replaced with "shall”to make the

document enforceable.

Response No. 31
Attached are replacement pages for Section 1.5 in Appendix A that has instances of replacing

“should” with “shall”

MSHA Comment No. 32

If any drawings are revised, a list showing the latest revision number of each sheet should be
included on a drawing or in the specifications. This will allow contractors and inspectors to
have confidence that they are using the latest approved revision of each drawing.

Response No. 32
Revised drawings will be noted as revised along with the revision date

NMSHA Comment No. 33

Critical construction activities should be identified in the plan and the mine operator should
notify the MSHA District 11 office prior to such activities. Critical construction activities are
itemized in Chapter 2, Section I[B of the MSHA Coal Mine Impoundment Inspection and
Plan Review Handbook.




Response No. 33
The following information has been added to Appendix A as an introduction to the Construction

Narrative.

MSHA recognizes certain construction activities as critical aspects of construction which
affect the integrity and overall stability of the impoundment. MSHA must be notified in
advance when the Cntical Construction Activities listed below are to take place.

CRITICAL CONSTRUCTION ACTIVITIES

¢ Foundation grubbing in swampy, soft, or unstable conditions where provisions
must be made for drainage or stabilization.

¢ Excavation and backfilling of cutoff trenches.

¢ Sealing or otherwise treating mine openings, auger holes, foundation cracks or
open joints, or existing underground mine workings.
a. Within the footprint of the dam or close enough to affect the dam.
b. Within or close to the basin area, as related to mine inundation or
breakthrough potential.
s Construction of drains, filters, and placement of geo-fabrics and geo-

grids.

¢ Construction and erosion protection for open channel spillways and
diversion ditches, which are relied upon to remove runoff during the
design storm.

s Any other critical phases or work affecting the integrity and overall stability
of the site.

Please let me know if you have any questions or need any additional information.

Sincerely,

McGehee Engineering Corp.

Jeff Aldridge, P.E.
Alabama Reg. No. 339859
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OARK GROVE RESOURCES, LLC.
CONCORD MINE
PREP PLANT FACILITY

1.0 INTRODUCTION

The purpose of this study is to fulfill MSHA's requirements for the design of proposed

impoundments as outlined in Title 30 - Mineral Resources, Chapter 1, Part 77, dated

July 1, 1991,

Oak Grove Resources, LLC (OGR) currently operates the Concord Mine preparation plant facility
near Hueytown, Alabama. The facility has been in operation since approximately 1946. The
existing fine coal refuse (slurry) disposal area is currently being expanded to its maximum limit and
capacity. At maximum the operation has approximately two (2) years of slurry storage remaining.
This impoundment consists of five (5) small earthen embankments and one (1) large earthen

embankment and will provide an three (3) to five (5) years of slurry storage.

2.0 SITE CONDITIONS

2.1 PHYSICAL CHARACTERISTICS OF THE SITE

Proposed Slurry Impoundment No. 6 is located in the drainage course of an unnamed tributary to
Lick Creek. The main impoundment embankment is located approximately 0.9 miles upstream
from the confluence of the unnamed tributary and Lick Creek. The emergency spillway overflow
system 1s to be constructed through a narrow natural ridge and will discharge into another unnamed
tributary to Lick Creek. The actual Concord coal preparation plant is located approximately 0.67
miles northwest of the proposed impoundment. The entire impoundment area is located on natural

ground, none of which has been disturbed by mining.



2.2 GEGLOGY

This Geology Section was prepared from the Almes & Associates, Inc. Proposed Coal Refuse
Disposal Area Expansion Plan prepared for this facility in 1991, on-site visits and foundation

investigation bore holes DH-1 thru DH-7.

Slurry Impoundment No. 6 will be located on the southeast limb of the Coalburg syncline
approximately 3,500 feet southeast of the synclinal axis and 5,000 feet northwest of the Warrior
Basin. The area is characterized by moderate topographic relief composed of gently rolling to steep
hillsides and deeply incised stream drainages. Stratigraphically, the bedrock in the area belongs to

the Pennsylvanian aged Pottsville Formation.

The strata below the impoundment area consist of sandstones and shales which contain occasional
coal seams and fire clays. These strata are nearly flat lying with a regional dip of 50 feet per mile to
the southwest. Several thin coal seams, the Thompson Mill, Upper Cobb and Lower Cobb occur in
the upper 300 feet of rock strata below the site. These coal seams are thin and unmineable but are

easily recognizable in drill hole logs and provide the basis for correlation of strata near the Concord

arca.

According to the Almes & Associates report, the Thompson Mill seam is generally not more than
one foot thick and 1s rather discontinuous. However, two or three fire clay seams associated with
the coal mark the Thompson Mill horizon whe‘re the coal 1s absent. These clays are apparently

continuous beneath the site and are probably barriers to the downward movement of groundwater.
The Thompseon Mill seam and fire clays outcrop at approximateiy elevation 500 near the Concord

plant area.

The Upper and Lower Cobb coal seams occur about 150 to 200 feet below the Thompson Mill

seam. The Lower Cobb occurs about 40 feet below the Upper Cobb Seam.

The American coal seam, which occurs between 510 and 580 feet below the site, has been room and

pillar mined below proposed Slurry Impoundment No. 6.

L}



3.0 COAL REFUSE PRODUCTION

Current refuse production from the Concord preparation plant is produced from cleaning of coal
from OGR’s Oak Grove mine. The Concord coal cleaning facility contains a wet process
preparation plant with a coal washer and thickener. Coarse coal refuse generated at the
preparation plant will continue to be transported by conveyor to a refuse storage bin located
adjacent to the plant and then trucked to the disposal area for final placement. The fine coal
refuse is currently pumped in slurry form through surface pipelines to an existing slurry
impoundment. Fine coal refuse will be disposed of in propesed Slurry Impoundment No. 6 at

the end of the useful life of the existing slurry impoundment.

The slurry line discharge pipe into the new slurry impoundment will be periodically relocated to
promote a relatively uniform distribution of fine coal refuse along the embankment slope. This
technique will create a delta of settled fines against the slope. This procedure for discharging slurry,
coupled with the highly compacted soil embankment should minimize seepage losses and

increase stability of the large embankment.

The slurry refuse production rates are projected to range between 300 Ac-Ft. per year and 300 Ac.-Ft.

per year dependent primarily on raw coal production and market demands.

4.0 SUBSURFACE EXPLORATION

Field studies at the Concord Mine proposed slurry impoundment were conducted in April and May
of 2014. The field studies included test pits, drilling, sampling and field testing of the footprint of
the embankments and adjacent arecas. An important goal of the drilling program was to determine
the depth, quantity and engineering characteristics of the scils above the bedrock as it relates to

constructing the future embankments.

A total of seven (7) berings and fifteen (15) test pits were completed at the site. Standard
Penetration Test (SPT) split-spoon sampling was conducted in the borings at intervals of 1.57,
2.57,5,7.57, 107, 15" and 20° foot depths or until refusal by the auger. Undisturbed 3-inch
diameter Shelby tube samples of the natural soils were collected in the berings at depths

determined during drilling. In-place density, permeability and other characteristics were



performed on each of the Shelby tubes taken tfrom within the footprint of the embankments.

Triaxial shear tests were conducted on bore hole DH-6/58T-6.

Initially, samples of visually suitable scils from each of the fifteen (15) test pits were analvzed to
determine the suitability of construction soils at this site. Based on the initial test results, bulk
samples of the soils proposed for borrow material were collected at two (2) test pits (TP-10 &
TP-15) chosen to be representative of the construction soils. Resuits of the boring and test pit

sampling data are presented in Appendix B.

A two-inch diameter open standpipe piezometer was installed in borehole DH-2. Groundwater

was measured at 12 feet and 17 feet below the surface on 5-1-14 and 5-27-14, respectively.

The location of the borings and test pits are depicted on the Geotechnical Investigation Map Sheet

6 of 10. Boring logs and all soils analysis are included in Appendix B.

The soils encountered under the footprint of the embankments and borrow areas within the
proposed pool area are red to brown sandy clays. The thickness of the soils ranged from 3 to 12
feet based on the bore hole and test pit results. Under the soils is a layer of soft to medium
weathered sandstone just above the bedrock of alternating layers of sandstone and shales. The
sandstone varies in color from reddish in the weathered zone to gray in the harder zones. The

shale is gray with the exception of bore hole DH-5 where a laver of weathered black shale was

encountered.

5.0 FIELD AND LABORATORY TESTING

5.1 FIELD TESTING

SPT Split spoon sampling was used on all seven (7) boreholes at depths of 07— 187, 2.5, 57,
7.5°,10%, 15 and 20° or to auger refusal to obtain a measure or index of the in-place firmness of
the foundation materials. Blow counts were recorded and are shown on the drill hole logs in
Appendix B along with the complete hole log obtained by continuous core drilling in rock

sections of each hole.

52 LABORATORY TESTING

Laboratory testing was conducted by McGehee Engineering Corp. (MEC) of Jasper, Alabama and
Geo-Environmental & Associates, Inc. in Knoxville, TN. MEC used sieve analysis method ASTM



C136-96a and Geo- Environmental & Associates, Inc. used ASTNM C117-95 resulting in SC, SM-SC and
Cl, ML and CL-ML, respectively.

The material selected to represent the embankinent material for stability analysis is coarse grained clayey
sand taken from virgin ground within and adjacent to the proposed pool area. This material was selected
to be used as embankment construction materal due to its physical properties, immediate avaiiability, and
abundance at the site. Results of testing show a dry density of 103.4 pounds per cubic foot with optimum

moisture of 18.9%. Further testing of the material indicates a liquid limit of 23 and non-plastic limit,

The testing included the following:

« Qrain-Size Analvses - Grain-size analyses were performed on coarse and fine refuse

samples. Results of the grain-size analysis are presented in Appendix B.

«  Permeabilitv - Constant head permeability tests were performed on remolded samples
to determine the permeability characteristics of the embankment foundation and borrow materials

which will be used for embankment construction. Results of the permeab:lity test are

given in Appendix B.

. Shear Strength Tests - Consolidated, undrained triaxial tests with pore pressure

measurements were performed on a Shelby tube sample of borehole DH-2. Shear strength
tests were also performed on remolded samples of two (2) test pits chosen to be
representative of the soils to be used for construction of the embankments. Shear
strength results on the in-place soil in boring DH-6 at 1.5 to 5.0 indicate a <> angle of
approximately 34.6 degrees. Shear strength results for the natural soils in test pits # 10 and

#15 indicate a <> value of approximately 29.2 degrees and 30.7 degrees respectively.

. Compaction Tests- In-place density test were performed on the Shelby tubes from
boreholes DH-1, DH-2, DH-3, DH-4, DH-5, DH-6 and DH-7. A Standard Proctor
compaction test (ASTM D 698-07) was performed on the bulk samples from Test Pits #10
and #15. Maximum dry density for the soil chosen for the embankment was determined to

be 97.2 pef at an optimum moisture content of 22.9 percent.

. Atterberg Limits Test- Both liquid and plastic limits testing (ASTM 4318) were
performed on each of the bore holes and test pit samples. Bulk samples were pulled for
further analysis once the soil within the pool (borrow) area were identified and sites chosen

as being representative of the material to be used for the embankments. Results of these



tests are included in Appendix B - Test Data. Test results from the test pits and Shelby

tubes indicated the soils to be mostly clay with a tow plasticity (USCS type CL or CL-ML}.

6.0 SITE DEVELOPMENT

[nitial site preparation activities to be conducted include construction of silt fence where necessary
and ctearing and grubbing in preparation for the sediment basin. The location for the sediment

basin 1s shown on the Plan View Map, 2 of 10 and other drawings.

6.1 SEDIMENT BASINS

One (1) sediment basin is proposed to contro! runoff and sediment load from the proposed slurry
impoundment constriction site and emergency spiliway. The sediment basin will be designed,
constructed and certified in accordance with the Regulations of the Alabama Surface Mining
Commission as adopted by Act §81-435 of December 18, 1981 and as amended to date. The proposed

basin will not be of the size basin/impoundment that is regulated by MSHA.

7.0 HYDROLOGY
Hydrologic design methods used in the design of this impoundment conform to the Soil
Conservation Service's procedures for watershed analyses using the HEC-1 Flood Hydrograph

Package. It should be noted that all applicable MSHA requirements are met by the resulting design.

7.1 CLASSIFICATION OF IMPOUNDMENT

Classification of the impoundment was done in two areas thus resulting in a Recommended
Minimum Design Storm for Long-Term Conditions. The areas of classification were impoundment

size and hazard potential. The impoundment was classified according to the classification system

found in the United States Department of Interior publication, Enginecring and Design Manual Coal

Refuse Disposal Facilities. The impoundment is classified as a large impounding structure with a

significant hazard potential due to: 1) more than 1,000 ac.ft. impounded 2) an embankment
height greater than 40° 3) the location of Jefferson County 15" Street road approximately 1,200
LF downstream from the largest embankment. According to those criteria a full Probable
Maximum Precipitation event (31.0 inches of rainfall of 6 hour duration) should be extended to a

72-hour PMP in the design. There are no other residential structures or other commercial
9



structures that exist downstream of the impoundment. See the attached Vicinity Map, Sheet | of

10.

7.2 DESIGN RUN

Hydrologic design of the impoundment was performed using the HEC-1 Flood Hydrograph

Package. The design storm was computed using the above mentioned publication and Hydro

meteorological Report 51. Input data required for the hydroiogical analysis is as follows:

D

2)

WATERSHED DATA

A) Drainage Area = 78.30 Acres
B) Curve Number

Landuse Acres
Graded and Bare 27.60
Impoundment Area 50.70
<) Time of Concentration

Tec = Time of Concentration

Graded and Bare
Te=0.120

RAINFALL FREQUENCY

Curve Number

81
100

From HRM 51Rainfall Atlas of the United States Full Probable Maximum Precipitation 31.0" of
rainfall of 6 hour duration extended to a 72 hour PMP (50.44™).

SPILLWAY DISCHARGE

The HEC-1 computer program calculated spillway discharges are as tollows:



H () Q (cfs)

PO 48
2.0 167
4.0 577
6.0' 1,211

4) STORAGE COMPUTATIONS

See the Elevation Capacity Discharge Table located in Appendix C.

7.3 COMPUTER OUTPUT

From the data input, the HEC-1 computer program was able to generate the accompanying output.

The resulting computer printout is shown in Appendix C.

7.4 SPILLWAY DESIGN

The spillway design was performed by trying several spillway widths and choosing the most
economical and feasible. The resulting spillway was a trapezoidal channel with a bottom width of
twenty (20) feet and side slopes of 2H: 1V. The flow depth at each section was determined using the
SEDCAD+ Version 4 computer program. The outputs from the program are attached. Freeboard for the
channel was calculated using the formula Fb = Cp + 0.025(V)(D"*) where Fb is the minimum dry
freeboard in feet, Cris a constant 'V is the velocity in {t/sec, and d is the depth of flow within the

channel in feet. From the calculations the following was determined:

Spillway Entrance Depth of Flow =2.92 ft.
Spillway Entrance Freeboard =2.12 ft.
Total Channel Depth for Spillway Entrance = 5.04 ft.

Spillway Control Section Depth of Flow =2.18 ft.
Spillway Control Section Freeboard =2.23 ft.
Total Channel Depth for Spillway Control Section = 4.41 ft.

Spillway Tail Section Maximum Depth of Flow = 1.36 ft.

Spillway Tail Section Maximum Freeboard = 2.30 ft.
Total Channel Maximum Depth for Spillway Tail Section = 3.66 ft.

11



The entire spillway, side slopes included will be lined with a minimum of four (47} inches of 3,000 psi
concrete. At the entrance to the spillway/control section the concrete will be lined up the side slopes a
minimum of 5.04 feet tapering down to a minimum of 4.41 feet up the side slopes at the end of the
control section. The tail ditch section of the spillway will be similarly lined 3.66 feet up the side slopes
untif the end of the spillway. All concrete will be reinforced with 6 gage, 67 x 6” welded wire mesh.
Fibermesh may be added to the concrete for additional strength hewever, the addition of fibermesh shall
not be vsed in place of the required 6 gage 6" x 6” welded wire. The spillway meets all MSHA design

guidelines for removal of the 90% of the design storm volume within the ten day timit.

7.5 EMBANKMENT FREEBOARD

Dam Crest Elevation 560.00' M.S. L.
Camber for Consolidation 0.92’
Max. Design Storm Elev, (72-hour PMP) 556.92' M.S.L.
Minimum Actual Freeboard 4.00°
Settlement/Consolidation 0.92"
Freeboard After Settlement 3.08°

7.6 WIND FETCH AND EROSION RESISTANCE

Based upon a fetch distance of approximately 1/2 mile and prevailing wind directions in the area, the 3.00
teet of freeboard would be deemed adequate. Winds in the area prevail in either a northwest to southeast

direction or southwest to northeast direction.

7.7 EMBANKMENT SETTLEMENT

Consolidation of the foundation was determined to be ¢.92°, The embankments will be constructed to

have a camber 0of0.92" at the crest.



7.8 DURATION OF HIGH WATER MARK

The duration of the high water mark is insignificant according to the hydrologic analysis done. The high

water elevation is of sufficiently short duration that the 3.08 feet of freeboard is adequate for this

structure.

8.0 EFFECTS OF UNDERGROUND MINE WORKINGS

Previous reports indicate the Pratt coal seam to have been the only seam mined below this site. Our
review of the mine maps and historical drilling data indicates the American coal seam to have been the
coal seam mined at the Concord Deep Mine, The effects of subsidence from mining in the Concord
Mine were discussed extensively by the Almes, 1991 report for another refuse disposal area at this
facility. The discussion and assumptions are relevant for this impoundment and are included in this

report. Changes were made as needed to address the conditions at this particular impoundment.

Coal was mined from the Concord Mine by the room and pillar mining method and was
extensively mined under the proposed impoundment based on review of the Concord Mine maps.
Deep mining was conducted under 100% of the impoundment. The maps indicate secondary
recovery of pillars (pulling pillars) was conducted under approximately 71% of the
impoundment. Records indicate pulling of pillars occurred under approximately the southern
three-fourths of proposed Slurry Impoundment No. 6 from 1952 to 1959 with pulling of pillars

under the northern approximately one fourth of the impoundment in 1980.

From the mine maps and an exploration drilling program conducted by U.S. Steel Mining
Company it was determined that the deep mined coal seam occurs between 510 and 580 feet

below the base of the impoundment. See the attached Oldworks Map, Sheet No. 4 of 10.

Subsidence prediction for any type of mine is extremely complex due to the large number of
variabies involved. However, reasonably accurate conclusions can be reached for specific

geologic and mining conditions provided the limitations on the predictive methodologies are

considered.



The strength and characteristics of the overlving and underlying strata will affect the way in which the
overburden rocks respond to the stresses created by mine voids. Weak roof and floor rock conditions
will tend to accelerate or increase subsidence, while hard rock may have a self-supporting action which
could delay or reduce subsidence. The roof and floor rock for the Pratt scam within the study area can
be characterized as somewhat fractured, medium to hard rock. This suggests that subsidence fracturing

and deformation should develop in accordance with traditional subsidence prediction methodologies for

the Appalachian coal fields.

Although many factors affect the extent and magmitude of subsidence, surface manifestations of
subsidence are commonly broadly categorized as either sinkholes or troughs. The mode of
subsidence that could uitimately occur is closely related to mining method, seam depth, seam
thickness, overburden composition and other factors. The maps of the mine workings and geologic
structural information support the conclusion that there are no major faults within the study area, and
that the geologic dip is relatively small. Accordingly, neither of these factors are expected to have

a significant effect on subsidence or subsidence impacts.

Sinkholes (alse known as "pits" or "caves") are discrete, occasionally abrupt depressions in the ground
surface. Sinkholes are most frequently associated with shallow room-and-pillar mining, and in areas
where the soil is very thick and there is little rock strata overlying the mine workings. The sinkhole

occurs when the overburden collapses into an epen space in the mine, such as an entry or room between
pillars, and the collapse travels upward until the shift in the overburden reaches the surface. The name

sinkhole comes from the discontinuous surface deformation observed on the surface where the rock

and soil settled.

In areas where the overburden is thick, (as 1s the case at this impoundment) subsidence studies have
indicated that similar formations within the Appalachian region will form rubble or gob in the area of
caving. This gob, with its increase in volume due to swelling caused by displacement will, in turn,

provide some support for the overlying rock structure.

Based upon established theories and research findings associated with subsidence in the northern
Appalachian coal fields for conditions similar to those existing within the study area, it can be
concluded that the surface effects can berelated to the generalized fracture pattern which develops

within the overburden above the mined-out area.

Above this level, therock strata will experience some fracturing, but the premining stratigraphic
integrity will be maintained. Accordingly, subsidence that may occur within the study area will be in
the form of trough subsidence or subsidence with continuous surface deformation. Associated with the

surface deformation, a potential exists for tensile and compressive strain to develop.

14



[n considering the effects of mining subsidence on the overburden, three different zones have been
defined. The first is the caved or "gob" zone with associated roof collapse and extensive overburden
fracturing. The second ts the fractured zone, where the overburden may be fractured and deformed but

continues to retain some stratigraphic integrity. The final zone s the zone of defonmation, where trough

subsidence may eccur.

The caved or gob zone has been reported in the literature, to range from 2 to § times the height of
mineral extraction. In the caved zone, the zone breaks down into blocks or rubble.  As rubble, it

increases in volume (also referred to as "swelling"), and offers some support to the overlying

sfrata.

Above the rubble or gob area, the rock strata will begin to exhibit "bridging" support that will tend to
dampen or mask the subsidence effect. Subsidence in this zone will cause fracturing of the rock
strata, but without breaking the rock into blocks or rubble. The fractured zone has been reported to

range from 20 to 40 times the height of extraction.

The height of the caved and fractured zones for a particular mine under conditions found in the
Appalachian coal fields can be estimated from the formula given by Jones and Kohli, 1985.(2)
Based upon the geologic conditions, the overburden in the study area can be classified as medium

to hard rock; thus, the maximum height of the caved zone and fractured zone can be determined

as follows:

100 H +22

47 H + 19 Caved Zone
100 *56 Fractured Zone
1.6H+3.6

Where H = mining height in meters.

(2) Jones, T.Z.» and K. K. Kohli, 1985. "Subsidence Engineer," West Virginia Institute of
Technology, Montgomery, West Virginia.

At proposed Slurry Impoundment No. 6, this would yield, based upon the above formulas, a caved

zone in the range of approximately 56 feet, and a fractured zone in the range of S1 to 118 feet, for
a combined caved and fractured zone in the range of 137 to 174 feet. Conservative maximums based
upon observations throughout the Appalachian coal field suggests the maximum caved zone could

be as high as 112 feet, and the maximum fractured zone could be as high as 290 feet above the coal

scaim.
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In most mined coal areas, potential for surface subsidence 1s often inevitable. The methods of
controliing or mitigating subsidence impacts are as varied as the range of mining situations
encountered. The most common and widespread methods of minimizing potential subsidence
impacts inciude leaving sufficiently large mine roof support pillars and conducting mining in a

ptanned manner. Based on review of the available mapping and records. both of these approaches

were followed under this proposed impoundment.

Geologic and mining conditions encountered in the Appalachian coal fields have been studied to allow
the prediction of surface deformation over mined out areas. While specific occurrences of subsidence
cannot be predicted utilizing these formulas due to uncertainties involved in defining the size, location,
extent and timing of any area that may subside in the future, it is possible to make a reascnable prediction

of the maximum amount of surface deformation that could occur from such a subsidence event.

Based upon the foregoing discussion and related evaluations, the following conclusions and

recommendations are made regarding potential subsidence and subsidence impacts within the study

area at the Concord facility.

+  Sinkhole subsidence or subsidence with discontinucus surface deformation will not occur within
the study area. Subsidence that has occurred, and for which there is a future potential, will be in the

form of trough subsidence or subsidence with continuous surface deformation.

+  Subsidence within the study area will be accompanied by a gob or caved zone, predicted to be
in the range of 56 feet, with a maximum of 112 feet. Above the caved zone a fractured zone mav
develop which is predicted to be in the range of 81 to 118 feet, extending a maximum of 280 feet

above the mined seam.

« Based upon the subsidence analysis, the caved zone will not reach the surface within the study

area during any future subsidence that might occur.

- Based upon the number of years since mining occurred, it can be concluded that future subsidence

affects are unlikely since the majority of subsidence in this area has already occurred.



9.0 STABILITY ANALYSIS

9.1 METHODOLOGY
Stability analyses were perforimed for Embankment No. 1 and No. 3 using an approximate form of the

timiting equilibrium approach as developed by Bishop. The location of the failure surface yielding the
minimurm safety factor was determined by allowing the computer to use a grid and search routine. The
computer program used was the Reame Slope Stability program by Dr. Yang H. Huang, P.E. of the

University of Kentucky. (Documentation for this program has been previously submitted accompanying

previous designs.)

The proposed embankment was evaluated under static and dynamic (pseudostatic) loading conditions.
The pseudostatic slope stability was conducted using the Hynes-Gniffin and Franklin method as
recommended by MSHA. The Peak Ground Acceleration (PGA) for the site was determined to be 0.138
(rounded to 0.14) from available USGS data. 0.1 (min. allowed value) is allowable for use as the seismic
coefficient because the one half value of the PGA is less than 0.1. However, MEC chose to use the full
PGA of 0.14 for the predicted phreatic tine case/normal conditions to be more conservative. 80% psf

cohesion values were used as recommended.

For both static and dynamic cases the phreatic surface (Embankment No. 1) was projected using the
computer program Seep/W, which was developed by GEO-SLOPE International, Ltd., Calgary,
Alberta, Canada. The results of the seepage analysis along with drain capacity calculations for the
underdrain are provided in Appendix C. For the seismic analyses a horizontal acceleration 0of 0.14¢

was used.

Piezometers will be installed during the final phase of construction and will be used to monitor the
phreatic level to determine the adequacy of the drain system and the need for modifications during
operation of the impoundment. The piezometer action level was determined by raising the phreatic line
well above the predicted phreatic line and performing stability analyses for static and dynamic conditions
(0.1g) for both types of soil. Worst case situation is with TP-15 seismic case with the elevated phreatic
level. That case was used to determine the piezometer action levels shown on the Standard Details

Drawing, Map Sheet 5 of 10.



9.2 SOIL PARAMETERS

The soil and foundarion parameters selected for the design are shown below. These values used are the

results of laberatory testing by Geo-Environmental & Associates, Inc. in Knoxville, TN.

MATERIAL LOCATION UNIT WEIGHT EFFECTIVE ANGLE EFFECTIVE

(WET) PCF OF FRICTION COHESION PSF
Clay Embankment 116.9 29.2 degrees 500
Clay Foundation 126.6 5-.6 degrees 340
Water Impoundment 62.40 0 degrees ¢

9.3 RESULTS OF ANALYSES

Results of these stability analyses show that Slurry Impoundment No. 6 can be built safely with the

existing local material. Tabular results of the analyses are found in this section:
STEADY STATE
SEEPAGE
EMBANKMENT NO. |

NORMAL OPERATING CONDITIONS

DOWNSTREAM DOWNSTREAM
STATIC SEISMIC
SOIL LOADING S.F LOADING S.F
TP-10 2.65 1.6
TP-15 2.49 1.61

ACTION LEVEL (ELEVATED PHREATIC LINE)

DOWNSTREAM DOWNSTREAM
STATIC SEISMIC
SOIL LOADING S.F LOADING S F
TP-10 1.85 [.52

TP-15 1.74 1.2



EMBANRKMENT NO. 3

DOWNSTREAM DOWNSTREAM
STATIC SEISMIC
SOIL LOADING S.F LOADING SF
TP-10 1.94 [.32
TP-15 1.9C 1.29

All calculations performed using simplified Bishop Method of Analysis.



10.0 CONCLUSIONS

The exploratory activities, testing procedures, and evaluative approaches used in this project have
been consistent with those employed in geotechnical engineering for earth dams. The hydrologic and
stability analysis meets or exceeds all MSHA guidelines. In conclusion, proposed Slurry
Impoundment No. 6 was designed, investigated, and analyzed using current prudent engineering

practices, resulting in the design of a safe and sound impounding structure.

If any questions arise, please contact the following person.

Jetfrey G. Aldnidge, P.E.
AL. Reg. No. 33959
Design Engineer

Revised
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APPENDIX A
1.0 CONSTRUCTION NARRATIVE

INTRODUCTION

MSHA recognizes certain construction activities as critical aspects of construction wlhich
affect the integrity and overall stability of the impoundment. MSHA must be notified in
advance when the Critical Construction Activities listed below are to take place.

CRITICAL CONSTRUCTION ACTIVITIES

e Foundation grubbing in swampy, soft, or unstable conditions where provisions must
be made for drainage or stabilization.

e Excavation and backfilling of cutoff trenches.

e Sealing or otherwise treating mine openings, auger holes, foundation cracks or open
joints, or existing underground mine workings.
a. Within the footprint of the dam or ciose enough to affect the dam.
h. Within or close to the basin area, as related to mine inundation or

breakthrough potential.
e Construction of drains, filters, and placement of geo-fabrics and geo-gnds.

* Construction and erosion protection for open channel spillways and diversion
ditches, which are relied upon to remove runoff during the design storm.

* Any other critical phases or work affecting the integrity and overall stability of the

site.

1.1 SITE PREPARATION

In areas beneath the proposed embankments, the natural ground surface will be cleared, grubbed
and stripped of all trees, brush and combustible or compressible debris. The embankment
foundation area will be investigated to locate openings and zones of high permeability. Precautions

will be taken during foundation preparation to ensure any joints or cracks in rock foundations are

sealed off using a protective filter.

1.2 TOPSOIL REMOVAL

Topsoll at the site of each embankment shall be removed to a maximum depth possible as specified

by the engineer or engineer’s on-site representative. Topsoil shall be stored adjacent to the
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impoundment for use in covering the impoundment siurry after abandonment of the impoundment.
The embankment foundations shall be proofrolled following the removal of topscil. Additional

removal of undesirable material and additional proof rolting shall be conducted as needed.

1.5 COALBED METHANE GAS WELLS. GAS & WATER LINES

Coalbed methane gas wells, gas lines & water removal lines are located adjacent to and within the
proposed impoundment poot. The gas and water lines will require relocation prior to significant
construction of the impoundment. The well pad elevations for gas wells 6320-C and 16429-C are
550.77 MSL and 353.26 MSL, respectively. Small embankments (No. 5 & No. 6) are to be
constructed adjacent to wells 6320-C and 16429-C as shown on the Plan View Map. Surface water
runoff from embankments No. 5 & No. 6 to the well pad will be removed by the well operators via

underground drains or small, permanent sump pumps.

1.4 KEYWAY TRENCH

The trench(s) will be excavated upon completion of the removal of vegetation and topsoil. The
keyway(s) for embankments No. | thru No. 4 will consist of a trench constructed to the following
minimum width and depths: 20 feet wide and 8 feet deep along the centerline of the dam and
extending up both the abutment sides of the embankment to the normal pool elevation. The
keyways for embankments No. 3 & No. 6 will consist of a trench constructed to the following
minimum width and depths: 10 feet wide and 8 feet deep along the centerline of the dam and
extending up both the abutment sides of the embankment to the normal pool elevation. The

keyway trench(s) will be excavated using heavy mobile equipment.

1.5 UNDERDRAINS

A lateral drain and main underdrain will be installed as shown on the Plan View Drawing, Sheet 2
of 10 and the Standard Details Sheet, Sheet 5 of 10. The main underdrain shall be three (3°) feet by
four (4’) and approximately 320 linear feet in length. The lateral drain shal! be three (3°) by three
(37) and approximately 930 linear feet in length. Both drains shall have one (1) row of 6 diameter
perforated SDR-11 HDPE PIPE (4 rows of '4” diameter perforations on 2’ centers). Both drains

shall be wrapped in Mirafi FW 700 geotextile or equivalent with a minimum two (2°) overlap. A
two (2) overlap shall be provided between sections of geotextile. “U” shaped fasteners shall be

used as needed to fasten the overlaps.



1.6 PLACEMENT OF EMBANKMENT FILL

The fill material selected to represent the embankment material is clay, silty, light brown taken from
virgin ground. The fill material will have minimum properties as specified in the “SOIL
PARAMETERS™ in this report. "The material to be placed in the embankment will be free of
sod, roots and other objectionable materials. The fill material will consist of earthen material
taken from borrow areas within the vicinity of the embankment. The fill material will be placed
and spread over the fill area starting at the lowest point in layers not to exceed § inches in thickness
and compacted in maximum § inch lifts te 95% of the standard proctor density. The moisture
content will be between optimum and optimum plus 3%. Backfill material will be spread using
“caterpillar” type tracked mobile equipment. Compaction will be achieved by the same tracked
mobile equipment, compactor or rubber tired equipment available at the mine. Each lift shall be
scarified after compaction for placement of the next lift. One field density test shall be
performed for every 1000 cubic yards of compacted structural fill, with at least one test per litt.
One field density test shall be performed for every 200 cubic yards of compacted backflll in the
keyway, with at least one test per lift. One field density test shall be performed any time where
there is a suspicion of the effectiveness of compaction. Supplementary laboratory compaction
curves shall be run when the material appears to be changing. Field deunsity tests shall be
performed at random locations in the fill. Records of the test results, as well as the test
locations, shall be kept by OGR personnel or their representative. Also, at a minimum standard
procter density tests of the embankment fill material will be performed every 20 field density
tests. As stated earlier, the foundation area will be graded and scarified to provide a uniform
graded area prior to the placement of fill material. This is done as to establish a bonding
surface between the foundation area and the new embankment material. The embankment and
keyway material will be tied tnto the abutments using “step-type construction methods™ as
shown on the Embankment Benching into Natural Slope figure on the Standard Details
drawing, map 5 of 10. The proposed embankment material will comply with the attached grain

size distributions with a maximum particle size of 8 inches.



1.7 SPILLWAY CONSTRUCTION

The spillway system will be constructed entirely in natural ground during placement of
embankment fill material or immediately after completion of the embankments. The spillway
channel will be lined with a minimum of 4™ of 3,000 psi concrete. Concrete filled cutoff
trenches will be placed as shown on the Standard Details Map sheet 5 of 10. The spillway will
extend to a natural drainage course and form a splash pad, approximately 25 feet wide and 25
feet long, and an energy dissipater. The energy dissipater will be constructed of 6 inch to 24
inch diameter (a minimum of 24 inches thick) non-erodible, limestone or sandstone rip-rap
placed at the exit point of the splash pad to prevent scouring at the toe of the splash pad. The
riprap energy dissipater will be underlain with Mirafi 500X or equivalent fabric. See attached
Standard Details Map sheet 5 of 10.

A minimum two (2) four (4”) by eight (8") cylindrical concrete tests specimen shall be made per 20
yd® of concrete. Samples shall be taken and cured according to ASTM C31/C31M-12 “Standard
Practice for Making and Curing Concrete Test Specimens in the Field” and tested according to
ASTM C39/C39M-12a “Standard Test Method for Compressive Strength of Cylindrical Conerete

Specimens”.

1.8 PIEZOMETER INSTALLATION

The piezometers will be installed at the locations on the Plan View Map, Map sheet 2 of 10 and
installed as shown on the Standard Details Drawing, sheet 5 of 10. Piezometer readings will be
taken during the 7-day inspection to determine the groundwater elevation and reported to the
regulatory authority on a yearly basis. Action levels are shown on the Standard Details Drawing,
Map Sheet 5 of 10.

1.9 STATT GAUGE

A staff gauge shall be installed and maintained as needed for determining the pool elevation.

1.10 REVEGETATION

The final step in the construction of Slurry Impoundment No. 6 is revegetation. All completed

embankment surfaces and disturbed areas outside of the impoundment drainage area must be

revegetated to provide erosion protection. The revegetation shall be performed concurrent
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with embankment construction and in accordance with the Alabama Surface Mining
Commission permit for this site. Permanent-Mixtures and Rates are shown below. Areas
revegetated shall be mulched with hay at a rate of 1 1/2 - 3 tons per acre to control erosion, to

promote seed germination, and to increase the moisture retention of the soil.

PERMANENT COVER-MIXTURES AND RATES

Spring Plantings (3-1/6-15)

Seeding Rate
Species pounds/acre
Kentucky 31 Tall Fescue 50
Common Bermuda Grass (hulled) 10
Weeping Love Grass 5
Robe Lespedeza 20
Serala Sericea (hulled) 25
Fall Plantings (9-1/11-15)
Kentucky 31 Tall Fescue 40
Crimson Clover 15
White Clover 10
Rye Grass 15

2.0 OPERATIONAL PROCEDURES

Operational procedures for the Concord Mine Slurry Impoundment No. 6 consist of the actual
piping of slurry to the impoundment and the post construction inspection and maintenance of the

impoundment. Inspection and maintenance will be discussed in the next section.

2.1 OPERATION DISCRIPTION

Slurry will be piped via Driscoe type “poly” pipe from the Concord Mine Prep Plant to Slurry
Impoundment No. 6 and discharged into the impoundment. The slurry will then be allowed to

separate into its two components, water and coal/rock fines. The coal/rock fines will settle to the
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bottom of the impoundment and the water wiil leave the impoundment through the spillway system.
The impoundment will be operated in such a manner as to discharge clarified water from the
impoundment. The water will then pass into a natural drainage channel and pass through the

proposed sediment basin for final discharge.

Clarified water retained within Siurry Impoundment No. 6 may be pumped from the impoundment,
as necessary, to be used by the support facilities on the surface at this mine site. Pumping of any
retained water within Slurry Impoundment No. 6 is not a requirement for the safe operation of

Slurry Impoundment No. 6.

3.0 POST CONSTRUCTION INSPECTION

As required under Section 77.216-3 Federal Register Volume 40, and ASMC Regulation
880-X-10C-.20(1), OGR has a plan for the inspection of this impoundment. The Concord Mine
Slurry Impoundment No. ¢ shall be inspected according to this plan by an M.S.H.A. certified

inspector.

3.1 INSPECTION PLAN

L. Inspections will be made at 7-day intervals, except when more frequent inspections are
required by on-site conditions. A formal inspection will be made annually until the removal
of the structure or until the release of the performance bond by the Alabama Surface Mining

Commission.

2. Inspections will be made by a qualified registered professional engineer or other qualified
professional specialist, under the direct supervision of a professional engineer designated by

OGR.

3. The inspector will use the M.S.H.A. Coal Refuse Inspection Manual and A.S.M.C.

Regulations as guides to make the required inspections.
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10.

Inspection time, date and results will be recorded in a book at the time of inspection.
The inspector will sign the book after each inspection, and it will be counter-signed by

a mine official.

Promptly after each annual inspection, a certified report that the impoundment has been
maintained as designed in accordance with the approved plans will be submitted to the
regulatory authority. The report will include discussion of any appearances of instability,
structural weakness or other hazardous conditions, depth and elevation of any impounded
water, existing storage capacity, any existing or required monitoring procedures and

instrumentation and any other aspects of the structure affecting stability.

A copy of the annual inspection report will be retained at or near the mine site.

General maintenance and repair will be done under the direction of a qualified person

and a mine official.

If a hazardous condition is found, the inspector will notify a mine official. A mine official
will be in charge of following the necessary procedure for eliminating the hazard, notifying

M.S.H.A. and implementing an evacuation if necessary.

A mine official will then implement whatever action is needed to eliminate the hazard.

If evacuation is necessary, miners or other persons that would be affected by the hazard will
be notified as quickly as possible and will evacuate the area by route of the access road

leading away from the impoundment.

4.0 ABANDONMENT PLAN

A detailed Abandonment Plan will be submitted to MSHA for approval prior to beginning

abandonment activities. The abandonment section of these detailed design plans is intended to
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provide a general outline of the activities that will occur during the actual abandonment of proposed

Slurry Impoundment No. 6.

L. Disconnect the slurry discharge pipe and remove it from the site.

2. Dewatering the impoundment in an environmentally safe manner such as pumping,
siphoning, etc. Upon completion of pumping all pump related equipment will be

removed from the site.

3. Mine management may elect to use non-toxic, non-flammable rock/soil materials to
construct a working surface on the impoundment that will permit equipment travel and
provide for positive drainage. All rock fill slopes on the impoundment shall have a
maximum and minimum grade of 5 percent and 1 percent, respectively. All cover material
will be spread in layers with a minimum compaction of 90 percent of its maximum dry
density as determined by the standard proctor compaction test. The thickness of the rock
material will be no more than 1s necessary to support equipment that will be working upon

the impoundment surface.

4. Upon the completion of the above mentioned working surface, the graded
impoundment surface will be covered with a minimum of four (4) feet of the best
available non-toxic, noncombustible and non-acid forming soil on site. All fill slopes on
the impoundment shall have a maximum and minimum grade of 5 percent and 1 percent,
respectively. Mine management may elect to not construct the above referenced working

surface and cover the impoundment with soil only.

5. The FIZZ Test, % Sulfur, Maximum Potential Acidity, Neutralization potential,
Acid-Base Account and Past pH of the spoil material will be tested prior to use and
only that spoil with an Acid-Base Account greater than -5 will be used in bridging

equipment over the sediment for placement of the 4 feet of cover material by OGR.



Revegetation shall be performed according to the mixtures and application rates given
in the following Permanent Cover-Mixtures and Rates Attachment. Seeding will
commence during the first normal planting season to establish a diverse, effective, and
permanent vegetative cover. Topsoil, subsoil, and overburden material will be
systematically sampled at a rate of 1 sample per 3 acres and sent to Auburn University
Testing Laboratory, for analysis to determine type and amount of soil amendments
necessary to maintain vegetative growth and applied as recommended. Seedbed
preparation shall include disking or scarifying the soil to permit seed application and to
ald in the mixing of the soil amendments. All areas shall be mulched with hay at a rate
of' 1 1/2 - 3 ton per acre to control erosion, to promote seed germination, and to increase

the moisture retention of the soil.
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DRILLING LOG FOR DH-1

DATE CRILLED: . ORILL HOLE NO.: CH-1
DRILLING CONTRACTOR: Smith Orilling Services, tNC. STATE: Alabana
ORILLER: Jeremy Smih COUNTY: Jellerson
LOCATICN: Siurry Fard "B” AREA: Corcord
ROCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RQD) {FT. & 10'"™) DESCRIPTION {FT. & 10"
Lav S Q.00 Cark Topsoil 0.50
1-2-17 0.50 Light Brow n Sandy Cay 1.00
1-1-3" 1.50 Light Brow n Sandy Ciay 1.00
3-5-8" 2.50 Light Brow n Sandy Clay 2.50
14-16-22" 5.00 Lighl Brow n Sandy Clay 2,50
9-14-20° 7.50 Light Brow n Sandy Jay 250
25-40-5° 10.00 Light Brow n Sandy Jay 5.00
50/1° 15.00 Hard Wealhered Sandsiwnre 500
Water at 19.50 1.
71.1% 23.00 Corglonerale Sandsione Wih Coal Lenses 1000
. 3300 Corglomerale Sandslone YWih Coal Lenses 240
oo e 35.40 Sandslone 7.60
43.00 Shale Wiih Sandstone Q.50
43.50 Shale 1.85
80.0%
45.45 Shale With Sandstore 2.05
47.50 Shate 5.50
53.00 Shate B8.70
91.0%
81.7¢ Shale wilh Sandsione 1.30
43.00 Sandsione 8.90
98.0% 71.60 Freclay 0.20
7210 Sandslong 0.90
73.00 Sandslone 6.00
99.0%
79.00 Sandsione With Shale 4.00
8300 Sandslone With Shale 5.00
100 0%
£8.00 Sandsione 5.00
93.00 Sandstone 3.30
100.0% 96.30 Shale 2.70
99.00 Sandslone With Shale 4.0¢
56.0% 103.00 Sandstone Wih Shale 10.00
Total RQD Value
113.00 Total Depth
92.8%
‘Blow Counts [(YRQD)(HREC)] - Provided by Smith Drilling Servicas, INC.
RQD - ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poor Poor Fair Good Excellent
<25% 25%- 50% 50%- 75% 75% - 90% 0% - 100%

(9]
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DRILLING LOG FOR DH-2

DATE CRILLED: 4912014 CRILL HOLE MNO.: CH-2
DRILLING CONTRACTOR: Smih Criling Servces, NG STATE Alabama
DRILLER: Jeremy Smith COUNTY: Jeiferson
LOCATION: Slurry Fond "B" AREA: Concord
ROGCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RGD) (FT. & 10'%) DESCRIPTION {FT. & 10"
2-3-2" Q.00 Cark Topsel 0.50
2-3-2 0.50 .ght Brown Sandy Clay 1.60
4-4-5° 1.50 Light Brow n Sandy Cay 1.00
6-7-8° 250 Lighl Brow n Sandy Clay 2.50
6-8-10" 500 Light Brow n Sandy Cay 2.50
5.3-° 7.50 Light Brow n Sandy Clay 2.50
50/1" 10.00 Light Brow n Sandy Clay 3.00
13.00 Fractured Sandslone 1.50
896.75% 14.20 Sandstone 2.00
16.50 Sandslone With Shale £.50
100% 23.00 Sandstona With Shale 10.00
100% 33.00 Sandstone Wilh Shale 10.00
Taotal ROD Yalue
43.00 Tetal Lepth
99.0%
*Blow Counts [{¥RQD)NYREC)] - Provided by Smith Drilling Services, INC.
RQD -ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poar Poor Good Exceflent
<25% 25%- 50% 50%- 75% 75% -90% 90% - 100%

L3
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DRILLING LOG FOR DH-3

DATE DRILLED: 4/9i20" 2 DRILL FOLE NO.: cH-3
DRILLING CONTRACTOR: Smih Criling Sarvices. INC. STATE: Alabama
ORILLER: Jeremy Smih COLNTY: Jefferson
LOCATION: Slurry Fond "8” AREA: Cencord
ROCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION {RQD) (FT. & 10'"9) DESCRIPTION (FT. & 10'"%)
2-1-3" 0.00 Ligkt Srowr n Sandy Qay 1.50
3-5-107 1.50 L.ghl Brow n Sandy Clay 1.00
19-14-18" 220 Light 3row n Sandy Cay 2.50
10-12-13" 5.00 Light Brow n Sandy Qay 2.50
16-32-50/6" 1.50 Light Brow n Sandy Jay 2.30
5004° 10.00 Weathered Sandsione 5.60
50/6° 15.00 Weathered Sandstene 4.00
15.00 Wealherzg Sandslone 16.00
35.00 Shale With Sandstone 1.80
86.0%
36.80 Shale §.20
45.00 Shale 250
47.90 Wealhered Shale 0.8¢
91.6%
48.70 Sandy Shale 1.30
50.00 Sandstone 4.50
100.0% 54.50 Sandsions 10.00
64.50 Sandslone 1.75
99.0%
66.25 Shale 8.25
100.0% 74.50 Shale 13.00
100.0% 84.50 Shate 10.00
94.50 Shale 3.00
100.0%
97.50 Sandstone Wilh Shale 8.c0
105.50 Sandslone With Shate 230
97.0%
107.80 Shale 7.70
SB8.0% 115.50 Shale 10.00
Total RQD Value
125.50 Telal Depth
96.3%
*Biow Counis [{Y%RQD)ASREC)] - Provided by Smith Drilling Services, INC.
RQD - ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poor Poor Fair Good Excellent
<25% 25%- 50% 50%- 75% T5% - 90% 90% - 100%




DRILLING LOG FOR DH-4

iDATE DRILLED: 475/2014 DRILL HOLE NO.: CH-44
iDRlLLING CONTRACTOR: Smih Criling Services. NG STATE: Algbama
'DRILLER: Jeramy Srih COUNTY: Jelferson
LOCATION: Sjurry Fond "B" AREA: Concord
ROCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RQD) (FT. & 10™%) DESCRIPTION (FT. & 10
- 0.00 Cark Topsod 050
- 0.50 Red Sandy Clay 1.00
2-3-57 150 Red Sandy Clay 1.00
8-10-15° 2,50 Red Sandy Clay 250
8-14-15" 5.00 Tan & Red Sandy Clay 2.50
12-23-25" 7.50 Tan & Red Sandy Cay 2.50
10-14-15"° 10.00 Tan & Red Wealhered Sandstone 5.00
23-50/5° 15.00 Tan & Red Wealhered Sardstone 5.00
501" 20.00 Tan & Red YWeathered Sandslore 5.00
Total RGD Value
25.00 Total Cepth
‘Blow Counts [(9RQD)(YREC)] - Provided by Smith Driliing Services, INC.
RQD - ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poor FPaor | Fair Good Exceilent
<25% 25%- 50% | 50%- 75% 75% - 90% 0% - 100%




DRILLING LOG FOR DH-5

DATE CRILLED: 41972014 DRILL BOLENO.: Ck-2
‘ CRILLING CONTRACTOCR: Smin Criling Services. INC STATE: Albama
'DRILLER: Jeremmy Smeh COUNTY: Jefferson
LOCATION: Slurry Forg 87 AREA: Concord
{ ROCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RGD) {FT. & 10" CESCRIPTION (FT. & 10™9)
2-2-37 0.00 Light Brow n Sandy Clay 1.50
2-2-3 1.50 Light Erow n Sandy Clay 1.00
7-11-20" 2.50 Light Brow n Sandy Clay 2.50
§-25-31° 5.00 Lighl Brow n Sandy Qay 2.50
12-18-24" 7.50 Light Brow n Sandy Clay 250
50/6° 10.00 Light Brow n Sandy Clay 5.00
16-25-50/6" 15.00 Wealhered Black Shale 5.00
16-50/3" 2000 Wealhered Black Shafe 9.0
Total RQC Value
29.00 Total Capth

“Blow Counts [{Y%RQD)(¥REC)] - Provided by Smith Drilling Services, INC.

RQD - ROCK MASS QUALITY CLASSIFICATION TABLE

Very Poor

Foor ‘ Fair Goad Excellent

<25%

25%- 50% | 50%- 75% 76% - 90% 90% - 100%




DRILLING LOG FOR DH-6

DATE CRILLED: 45,2014 DRILL HOLE NO.: CH-6
DRILLING CONTRACTOR: Smin Crilling Sarvices, NG STATE Alatarma
DRILLER: Jeremy Smih COUNTY: Jelfersen
LOCATION: Elurry Fond "B” AREA: Concord
ROCK QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RQD) (FT. & 10" CESCRIPTION (FT. & 10"
3-2-2° .00 Ligit Brow n Sandy Clay 150
3-3-10° 1.50 Ligri Brow n Sandy Clay 1.¢0
12-18-25" 2.50 Light Brow n Sandy Clay 2.50
25-50/4" 5.00 L'ght Brovrn Sandy Clay 560
20-201° 10.00 L:ght Brow n Sandy Clay T.00
Water gl 10.56 1L
17.06 Sandstone 1.65
04.5%
18.65 Sandstone Wilh Shale 8.35
2700 Shate 9.40
106.0%
36.40 Shale With Sandstone 0.60
3700 Shale Yith Sandstlone 0.80
§9 6% 37.80 Shala 2.20
4000 Shale With Sandsione 7.00
Total RQD Value
47.00 Total Depth
97.8%
"Btave Counts [(WRQO)AUREC)] - Provided by Smith Drilling Services, INC.
RQD - ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poor Paor Good Excellent
<25% 25%- 50% 50%- 75% 75% - 90% 90% - 100%




DRILLING LOG FOR DH-7

DATE DRILLED: 4{9i2014 DRILL HOLE NO.: OH-7
DRILLING CONTRACTOR:  Smih Criling Services, INC. STATE: Alabama
DRILLER: Jeremy Smilh COUNTY: Jeilerson
LOGATION; Siurry Fond "B” AREA: Concerd
|
ROCA QUALITY TOTAL DEPTH STRATA THICKNESS
DESIGNATION (RQD} {FT. & 109 DESCRIPTION (FT. & 10'")
2-1-3° 080 Cark "coscl 0.33
2-1-3" 033 Light Brow n Sandy Clay 1.17
3-4-6° 1.20 L:ght Erow n Sandy Clay 1.60
4-7-11° 2.50 Light Brow n Sandy Clay 220
9-10-15" £.00 Light row n Sandy Clay 2.50
7.20 Lignt Srow n Sandy Cay 2.50
Waier al 8.50 ft.
10.00 Sandstone 0.10
10.10 Light Brow n Sandy Qay 0.08
785% 1015 Sandslene .85
12.60 Sandstone Wilh Shale 5.50
17.50 Sandy Shale With Sandstene Streaks 2.50
20.00 Shale 8.C0
85.3%
23.00 Sandy Shale Wilh Sandstone Streaks 2.00
93.5% 30.00 Sandy Shale With Sandstore Sireaks 10.00
Taotal Q0 Value
40.00 Total Cepth
85.8%
‘Blow Counts [{¥RQOMUREC)] - Provided by Smith Dritling Services, INC.
RQD - ROCK MASS QUALITY CLASSIFICATION TABLE
Very Poor Poor Fair Good Excelient
< 25% 25%- 0% 50%- 75% 75% - 90% 90% - 100%
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Client: McGehee Engincering Corporation
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Figure 2

Sample Number: TP-10

Geo/Environmental Associates, Inc.
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TEST RESULTS

MATERIAL DESCRIPTION

Maximum dry density = 103.4 pcf

Optimum moisture = 18.9 %

Silt, clayey, sandy, light reddish brown
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Project: McGehee Lab Testing

o Source: Oak Grove Resources Concord Prep Plant

Client: McGehee Engineering Corporation

Sample No.: TP-10

Remarks:

Knoxville, Tennessee

Geo/Environmental Associates, Inc.
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Client: McGehee Engineering Corporation
Project: McGehee Lab Testing
Source of Sample: Oak Grove Resources Concord Prep Plant

Project No.: 12-651

Figure 2

Sample Number: TP-15

Geo/Environmental Associates, Inc.




COMPACTION TEST REPORT

Project: McGehee Lab Testing

o Source: Oak Grove Resources Concord Prep Plant

Sample No.: TP-15

Geo/Environmental Associates, Inc.

Knoxviile, Tennessee
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Test specification: ASTM D 698-07 Method A Standard
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CL A-6(13) 232 2.68 36 15 0.3 85.6
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 97.2 pcf Clay, silty, light brown, tan
Optimum moisture = 22.9 %
Project No. 12-631 Client: McGehee Engineering Corporation Remarks:
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Type of Test: - _ g
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Sample Type: Shelby Tube Specimens 'Client: McGehee Engineenng Corporation
Description: Clay, silty, light reddish brown |
‘Project: McGehee Lab Testing
Lb=124 PL=19 Pl=3
Assumed Specific Gravity= 2.60 1Source of Sample: Oak Grove Resources Concord Prep Plant
Remarks: 'Sample Number: ST-6 Depth: 1.5-3.0° J
Proj. No.: 12-631 Date Sampled: 05/20/14 }
TRIAXIAL SHEAR TEST REPORT :
Geo/Environmental Associates, Inc. !
Figure | | Knoxville. Tennessee _,
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Geo/Environmental Associates, Inc.




CONSTANT HEAD PERMEABILITY TESTING

ASTM D5084
PROJECT NAME : Cak Grove Resources Concord Prep Plant PROJECT NUMBER  :12-651
CLIENT : WlcGehee Engineering Corporation DATE :May29,2014

SAMPLE LOCATION AND CONDITIONS

Sample Id.: TP-19 Sample Depth : Na
Sample Remolded: 95% Compaction Sample Type : _ Bulk
Sample Description : Silt, clayey, sandy, light reddish brown

INITTIAL SPECIMEN PROPERTIES

Length (in.): 2.75 Volume (ft'y: _0.01013 Wet Density (PCF): 1167
Diameter (in.): 2.85 Weight (Ibs): _1.185 Dry Density (PCF): 982
Area (ft)); 0.04430 Moisture (%):__ 18.9

PERMEABILITY CALCULATIONS

k = Hydraulic Conductivity, {cr/sec) k=_QL = cmfsec
Ath

L = Length of Sample, along path of flow, (cm)
= {500.0%(6.99)
Q = Quantity of flow, taken as the average of (41.16)(42,180)(211.01)
infiow and outflow, (crm®)

A = Cross-sectional area of specimen, (cm?) = 3.495.00
366,340,538.09
t =Interval of time, ever which the flow Q occurs, (sec)

1 = Difference in hvdraulic head across = 9.54 x 10 em/sec
specimen, {cm)




CONSTANT HEAD PERMEABILITY TESTING

ASTM D5084
PROJECT NAME : Oak Grove Resources Concord Prep Plant PROJECT NUMBER  :12-631
CLIENT : McGehee Engineering Corporation DATE : May 29,2014

SAMPLE LOCATION AND CONDITIONS

Sample Id.: TP-15 Sample Depth : Na
Sample Remolded: 95% Compaction Sample Type : _ Bulk
Sample Description : Clay, silty, light brown, tan

INITTAL SPECIVMEN PROPERTIES

Length (in.): 2.75 Volume (£f): _0.01015 Wet Density (PCF): 113.5
Diameter (in.): 2.85 Weight (lbs): _1.i53 Dry Density (PCF): 924
Area (ft): 0.04430 Moisture (%);__ 229

PERMEABILITY CALCULATIONS

k = Hydraulie Conductivity, (cm/sec) k= _0QL = cmfsec
Ath

L = Length of Sample, along path of flow, (cm)
= (300.0%(6.99]

Q = Quantity of flow, taken as the average of (41.16)(151,800)211.01)
inflow ard outflow, {cm")

A = Cross-sectional area of specimen, (cm?) = 1.224.65
1,318,409,048.88

t = Interval of time, over which the flow Q occurs, (sec)

h = Difference in hydraulic head across = 9.29 x 10”7 cm/sec
specimen, {cm)
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3502 Overlock Circle « Knoxville, TN 37900 » 865-584-0344 » Fax 863-584-0778 « www.geoe.com

CONSTANT HEAD PERMEABILITY TESTING

PROJECT NAME : Qak Grove Resources Concord Prep Plant

CLIENT : McGehee Engineering Corpoeration

ASTM D35084

PROJECT NUMBER  :12-651

DATE :May 29,2014

SANMPLE LOCATION AND CONDITIONS

Sample Depth : Na

Sample Type : _ Bulk

INITIAL SPECIMEN PROPERTIES

Sample Id.: TP-15

Sample Remolded: 95% Compaction

Sample Description : Clay, silty, light brown, tan
Length (in.): 2.75 Volume (ft)):
Diameter (in.): 2.85 Weight (1bs):
Area ({t): 0.04430 Moisture (%):

Wet Density (PCF): 1153.5
Dry Density (PCF): 92.4

PERMEABILITY CALCULATIONS

k = Hydraulic Conductivity, (cm/sec)

L = Length of Sample, aleng path of flow, (cm)

Q = Quantity of flow, taken as the average of
inflow and outflow, (cm”)

A = Cross-sectional area of specimen, (cmn?)
t = Interval of tirme, over which the flow Q occurs, (sec)

n = Difference in hydraulic head across
specimen, {cm)

k= _QL = cm/scc
Ath

= (500.0%(6.99)
(41.16)(151,800)(211.01)

= 1.224.65
1,318,409,048.88

= 929 x 10”7 c/sec
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CONSTANT HEAD PERMEABILITY TESTING

ASTM D3084
PROJECT NAME : Qak Grove Resources Concord Prep Plant PRGJECT NUMBER  : 12-651
CLIENT 1 McGehee Engineering Corporation DATE :May29,2014
SAMPLE LOCATION AND CONDITTONS
Sample id.: ST-2 Sample Depth : 24
Sample Remolded: Ng Sample Type : Shelbv Tube

Sample Description !

Clay, silty, light brown, reddish brown

INITIAL SPECIMEN PROPERTIES

Length (in.): 2.39 Volume (ft): _0.00889 Wet Density (PCF): 127.4
Diameter (in.): 2.86 Weight (lbs): _1.132 Dry Density (PCF): 108.7
Area (ft)): 0.04461 Moisture (%):__16.1

PERMEABILITY CALCULATIONS
k = Hydraulic Conductivity, (cm/sec) k = QL = cm/fsec

Ath

L = Length of Sample, along path of flow, {(cm)

= (500.0)6.07

@ = Quantity of flow, taken as the average of (41.43)(49,260)(211.01)
inflow and outflow, {cm?)

A = Cross-sectionai area of specimer, (cm?) = 3.035.00

430,845,915.27

t = Interval of time, over which the flow Q occurs, (sec)

. = Difference in hydraulic head across = 7.04 x 10 cm/sec

specimen, (cm)




Geo/Environmental Associates, [nc.

3502 Overlook Circle « Knoxville, TN 37909 « 865-584-0344 ¢ Fax 865-584-0778 « www.geoe.com

CONSTANT HEAD PERMEABILITY TESTING

ASTM D3084
PROJECT NAME : Oak Grove Resources Concord Prep Plant PROJECT NUMBER  : 12-651
CLIENT : McGehee Engineering Corporation DATE : May 29,2014
SAMPLE LOCATION AND CONDITIONS
Sample Id.: ST-5 Sample Depth : 3-5'
Sample Remolded: No Sample Type : _Shelbv Tube

Sample Description :

Length (in.): 2.80
Diameter (in.): 2.36
Area (Tt): 0.04461

Clay, silty, reddish brown, brown

INITIAL SPECINMEN PROPERTIES

Volume (fth: 0.01041 Wet Density (PCF): 126.6
Weight (Ibs): _ 1313 Dry Density (PCI): 109.9
Moisture (%) 15.2

PERMEABILITY CALCULATIONS

k= H}'draulic Conductivity, (cm/sec) k= _QL = cm/sec
Ath

L = Length of Sample, along path of flow, (cm)

= (132.47.113
Q = Quantity of flow, taken as the average of (41.45)(33,060)211.01)

inflow and outflow, (cm’)
A = Cross-sectional area of specimen, (cm?) = 941.36
289,154,810.37

t = Interval of time, over which the flow Q occurs, (sec)
n = Difference in hydraulic head across =_  326x10% cm/fsec

specimen, {cm)
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CONSTANT HEAD PERMEABILITY TESTING

ASTM D3084
PROJECT NAME : Qak Grove Resources Concord Prep Plant PROJECT NUMBER  : 12-651
CLIENT : MecGehee Engineering Corporation DATE :0May29, 2014

SAMPLE LOCATION AND CONDITIONS

Sample Id.: ST-6 Sample Depth : 1.5-3.00
Sampie Remolded: No Sample Type : Shelbv Tube
Sample Description ¢ Clay, silty, light reddish brown

INITIAL SPECIMEN PROPERTIES
Length (in.): 3.14 Volume (ft)): _0.01176 Wet Density (PCF): 127.8
Diameter (in.}: 2.87 Weight (1bs): _1.502 Dry Density (PCE): 109.2
Area (Tth): 0.04493 Moisture (%) 17.0

PERMEABILITY CALCULATIONS
k = Hydraulic Conductivity, (cm/sec) k= _OL = cmisec

Ath

L. = Length of Sample, along path of flow, {cm}

= (500.0)(7.98)

Q = Quanlity of flow, taken as the average of (41.74)(83,040)211.01)

inflow and outftow, (cm’)

A = Cross-sectional area of specinen, (cm?) = 3.990.00

731,379,566.50

t = Interval of time, over which the flow Q occurs, (sec)

. = Difference in hydraulic head across = 5.46 x 107 cin’sec

specimen, (cm}
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CONSTANT HEAD PERMEABILITY TESTING

ASTM D5084
PROJECT NAME : Qak Grove Resources Concord Prep Plant
CLIENT : McGehee Engineering Corporation

PROJECT NUMBER  : [2-651

DATE : May 29,2014

SAMPLE LOCATION AND CONDITEONS

Sample Depth : 1.5-3.0'

Sample Type : _Sheibv Tube

Wet Density (PCTF): 132.0
Dry Density (PCF); 111.4

Sample Id.: ST-7
Sample Remolded: No
Sample Description : Clay, silty, light brown, tan
INITIAL SPECIMEN PROPERTIES
Length (in.): 3.45 Volume (f€): _0.01274
Diameter (in.): 2.85 Weight (1bs): _ 1.681
Area (fE): 0.04430 Moisture (%):__18.3

PERMEABILITY CALCULATIONS

k = Hydraulic Conductivity, (cm/sec)

L = Length of Sample, along path of flow, (cm)

Q = Quantity of flow, taken as the average of
inflow and outfiow, (¢cm?)

A = Cross-sectional arez of specimen, (cm?)
t = Interval of time, over which the flow Q occurs, {sec)

i = Difference in hydraulic head across
specimen, {cm)

k= _QL = cmfsec
Ath

= {500.0%(8.76)

(41.16)(92,1003(211.01)

= 4.380.00
799,504,304.36

= 5.48 x 10 cm/sec
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SIEVE ANALYSIS
(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Cencord Analyzed By: CS/Iww
Sample L.D.: TP #I Date Analyzed: 4/10/14
Description: 0 - 3 Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1003.0 Grams
Steve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 4.0 0.0 0.0 0.0 0.0 0.0 100.0
/4" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/2" 566.0 340.0 26.0 2.6 2.6 26 97.4
4 676.0 513.0 163.0 16.3 18.8 18.8 81.2
10 591.0 462.0 129.0 12.9 317 317 68.3
40 692.0 3830 309.0 30.3 62.5 62.5 37.5
200 587.0 333.0 254.0 253 87.8 87.8 12.2
Pan 502.0 380.0 122.0 12.2 100.0 100.0 0.0
Total Weight (W1): 1003.0

SOIL CLASSIFICATION
Unified System (ASTM 1D-2487)

Liquid Limit: 310 Effective Cohesion: 1.2500 psi

Plastic Limit: 24.6 Total Cohesion:  1.940  psi
Plasticity Index: 6.4 Permeability: 140 fuyr
Maximum Dry Density: 1200  pef

Soil Classification:| SM-SC Optimum Moisture: 133 %
Effective Cohesion: 180.0  psf

Coarse Grained Angle of Internal Friction: 3054  degrees

Silty, Clavey Sand Mass Unit Weight: 13596 pef

Post Office Box 3431 430 19™ Sweet  Jasper, Alabama 333502-3431  205-221-0686 Fax 205-221.7721  swffid@mcaehes.org
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SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove

Location: Concord

Sample LD.: TP #l
Description: 3'- 7

Weight of Oven Dry Sample (W):

Sample Date: 4/5/14

Analyzed By: CSHWW
Date Analyzed: 4/10/14
Requested By: Jeff aldridge

1000.0 Crams

Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/2" 544.0 540.0 4.0 04 0.4 04 99.6
4 576.0 513.0 63.0 6.3 6.7 6.7 93.3
i0 575.0 462.0 113.0 1.3 18.0 18.0 82.0
40 680.0 383.0 297.0 29.7 47.7 47.7 323
200 680.3 3330 347.5 34.8 §2.5 82.5 17.6
Pan 3333 380.0 175.5 17.6 100.0 100.0 0.0
Towal Weight (W1): 1000.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 3.9 Effective Cohesion: 06940 psi
Plastic Limit: 23.9 Total Cohesion: 8.610 psi
Plasticity Index: 8.0 Permeability: 050  fi/yr
Maximum Dry Density: 1160  pef
Soil Classification:| SC Optimum Moisture: 151 %
Effective Cohesion: 999  psf
Coarse Grained Angle of Internal Friction: 2792  degrees
Clayey Sand Mass Unit Weight: 13352 pef

Post Office Box 3431 450 19" Saeer  Jasper. Alabama 33502-3431  .J5-221-068. Fox 205-221-7721  safi@megehee.org
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SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove

Location: Concord

Sample [.D.: TP #2
Description: 0'- 4'

Sample Date: 4/9/14

Analyzed By: CSIww
Date Analyzed: 4/10/14
Requested By: Jeff Aldridge

Weight of Oven Dry Sample (W): 1000.0 Grams
Sieve + Sample Percent [Cumulative]
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Pereent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
374" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 630.0 513.0 117.0 11.7 1.7 11.7 §3.3
10 620.0 462.0 158.0 15.8 27.5 275 72.5
40 671.0 383.0 288.0 28.8 56.3 56.3 43.7
200 5352 333.0 2222 22.2 78.5 78.5 21.5
Pan 594.8 380.0 214.8 215 160.0 100.0 0.0
Total Weighe (W1): 1000.0
Unified System (ASTM D-2487)
Liquid Limit: 23.0 Effective Cohesion: 1.8750 psi
Piastic Limit: 19.2 Total Cohesion: 6528  psi
Plasticity Index: 3.8 Permeability: 1230 fuyr
Maximum Dry Demsity: 1150  pef
Soil Classification:| SM Optimum Moisture: 149 %
Effective Cohesion: 2700  psf
Coarse Grained Angle of Internal Friction:  33.02  degrees
Silty Sand Mass Unit Weight: 132,14 pcf
Post Office Box 3431 - 150 19% Sreet  Jasper. Alabama 35502.3431  205.221-0686 Fax 205.221-7721  siaffi@mcgehee.arg
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mcgehee engineering corp

SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Qak Grove
Location: Concord
Sample L.D.: TP #2
Description: 4'- 7

Sample Date: 4/5/14

Analyzed By: CS/Aww
Date Analyzed: 4/10/14
Requested By: Jeff Aldridge

Weight of Oven Dry Sample (W): 1003.0 Grams
Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Pereent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34 0.0 0.0 0.0 0.6 0.0 0.0 100.0
172" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 594.0 513.0 81.0 8.1 8.1 8.1 9L.9
10 575.0 462.0 113.0 11.3 19.3 19.3 80.7
40 700.0 383.0 317.0 3.6 50.9 50.9 49.1
200 679.5 333.0 346.5 345 85.5 85.5 14.5
Pan 5255 330.0 145.5 14.3 100.0 100.0 0.0
Total Weight (W1): 1003.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 28.0 Effective Cohesion: 1.2500
Plastic Limit: 22.7 Taotal Cohesion:  1.940
Plasticity Index: 5.3 Permeability: 1.40
Maximum Dry Density: 1200
Soil Classification:| SM-SC Optimum Moisture: 133
Effective Cohesion: 180.0
Coarse Grained Angle of Internal Friction:  30.54
Silty, Clayey Sand Mass Unit Weight:  135.96

psi
psi
f/yr
pef

%

degrees

pef

Post Officz Box 343 150 19 Smeet sper, Alabama 355023431

205-221-0636

Fax 203-221-7721

safgimegehec.org
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(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSTww
Sample L.D.: TP #3 Date Analyzed: 4/10/14
Description: 0'- 3' Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1001.0 Grams
Sieve + Sample Percent | Cumuliartive;

Sieve Sample Sieve Weicght of Total Weight Percent Percent
Na. Weight Weight | Retained | Retained | Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 551.0 540.0 11.0 1.1 1.1 1.1 98.9
4 639.0 513.0 146.0 14.6 15.7 15.7 84.3
10 625.0 462.0 163.0 16.3 32.0 32.0 68.0
40 698.0 383.0 3150 315 63.4 63.4 36.6
200 578.3 3330 2453 24.5 87.9 879 12.1
Pan 500.7 380.0 120.7 12.1 100.0 160.0 0.0

Total Weight (W1):[ 10010

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: 26.5 Effective Cohesior:  1.3750 psi

Plastic Limit: 23.2 Total Cohesion:  6.528  psi
Plasticity Index: 3.3 Permeability: 1230 fuyr
Maximum Dry Density: 1150  pef

Soil Classification:| SM Optimum Moisture: 149 %
Effective Cohesion: 270.0  psf

Coarse Grained Angle of [nternal Friction: 3302 degrees
Silty Sand Mass Unit Weight: 132,14 pef

Post Office Box 1431 150 19" Sireet  Jasper. Alabama 35302-3431  205-221-0686  Fax 203-221-7721  staff@megehee.org
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SIEVE ANALYSIS
(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: Cs/rww
Sample LD.: TP 4 Date Analyzed: 4/10/14
Description: ¢'- L.5' Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1006.0 Grams
Sieve + Sample Percent |Cumuiative]
Sieve Sample Sieve Weight | of Total Weight Percent | Percenmt
No. Weight Weight | Retained | Retained | Percent | Retained Finer
I 0.0 0.0 0.0 0.0 0.0 0.0 100.0
374" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 569.0 513.0 56.0 5.6 3.6 5.6 94.4
10 598.0 462.0 136.0 13.5 16.1 19.1 80.9
40 702.0 383.0 319.0 317 50.8 50.8 49.2
200 582.3 333.0 249.3 24.8 75.6 75.6 24.4
Pan 623.7 380.0 2457 24.4 100.0 100.0 0.0
Total Weight (W1): 1006.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 40.9 Effective Cohesion:  0.6940 psi
Plastic Limit: 27.1 Total Cohesion: 8610  psi
Plasticity Index: 13.8 Permeability: 050  fryr
Maximum Dry Density: 1160  pef
Soil Classification:| SC Optimum Moisture: 151 %
Effective Cohesion: 999  psf
Coarse Gramed Angle of Internal Friction: 2792 dcgrees
Clayey Sand Mass Unit Weight: 133.52  pef

Post Office Box 3431 #30 19" Smeet  Jasper. Alabama 33502-3431  205.221-0686 Fax 205-221.7721  safi@mcgehes.org
2
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SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove
Location: Concord
Sample LD.: TP #4
Description: 1.5' - 4

VWeight of Oven Dry Sample (W):

Sample Date: 4/9/14

Analyzed By: CS/ITWwW
Date Analyzed: 4/10/14
Requested By: Jeff Aldridge

1003.0 Grams

Sieve + Sample Percent |Cumulativel
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
B 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 563.0 513.0 50.0 5.0 5.0 5.0 95.0
10 529.0 462.0 67.0 6.7 1.7 11.7 38.3
40 690.0 333.0 307.0 306 423 423 57.7
200 740.8 333.0 407.8 407 82.9 829 17.1
Pan 551.2 380.0 17t.2 17.1 100.0 100.0 G.0
Total Weight (W1):[ 10030
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 29.3 Effective Cohesion: 1.2500 psi
Plastic Limit: 242 Total Cohesion: 1.940 psi
Plasticity Index: 5.1 Permeability: 140 fiyr
Maximum Dry Deunsity: 1200  pef
Sail Classification:] SM-SC Optimum Moisture: 133 %
Effective Cohesion:  180.0  psf
Coarse Grained Angle of Internal Friction:  30.54  degrees
Silty, Clayey Sand Mass Unit Weight: 13596  pef
Post Office Box 343 - 450 19" Smee asper, Alabama 33302-3431  205-221-068._ fax205-221-772_ _laffi@mcgehee.org
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SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove
Location: Concord
Sample L.D.: TP#5
Description: 0'- 1.5

Weight of Oven Dry Sample (W):

Sample Date:
Analyzed By:
Date Analyzed:

4/914
CSAWW
4/11/14

Requested By: Jelf Aldridge

[000.0 Grams

Sieve + Sample Percent |Cumulative|
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. VWeight Weight | Retained | Retained | Percent | Retained Finer
i" 0.0 0.0 0.0 4.0 0.0 0.0 100.0
KIES 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 626.0 513.0 116.0 1.6 L1.6 11.6 88.4
10 665.0 462.0) 203.0 203 31.9 31.9 68.1
40 700.0 383.0 317.0 317 63.6 63.6 36.4
200 488.9 333.0 1559 15.6 79.2 792 20.8
Pan 588.1 380.0 208.1 20.8 100.0 100.0 0.0
Total Weight (W1): 1000.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 34.0 Effective Cohesion:  0.6940
Plastic Limit: 216 Total Cohesion:  8.610
Plasticity Index: 124 Permeability:  0.50
Maximum Dry Density:  116.0
Soil Classification:| SC Optimum Moisture: 151
Effective Cohesion:  99.9
Coarse Grained Angle of Internal Friction:  27.92
Clayey Sand Mass Unit Weight: 133.52

psi
f/yr
pef

%

psf
degrees

pef

Post Olfice Box 3431 30 19" Smeet Jasper, Alabama 35302-3431  205-221-0685 Fax 203-221-7721

stafli@megehes.org
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(ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concerd Analyzed By: CS/mww
Sample I.D.: TP #5 Date Analyzed: 4/11/14
Description: 3.5 - &' Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1003.0 Grams
Sieve + Sample Percent [Cumulative|
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 543.0 540.0 3.0 0.3 03 0.3 99.7
4 627.0 513.0 114.0 11.4 1.7 Lt.7 88.3
10 581.0 462.0 116.0 1.9 235 23.5 76.5
40 699.0 383.0 316.0 313 55.0 5540 45.0
200 632.8 333.0 299.8 29.9 84.9 84.9 15.1
Pan 53L.2 380.0 151.2 [5.1 100.0 100.0 0.0
Total Weight (Wl): 1003.0

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: 27.] Effective Cohesion: 1.8750 psi

Plastic Limit: 239 Total Cohesion:  6.528  psi
Plasticity Index: 32 Permeability: 1230  fiyr
Maximum Dry Density: 1150 pef

Soil Classification:| SM Optimum Moisture: 149 %
Effective Cohesion: 2700 psf

Coarse Grained Angle of Internal Friction:  33.02  degrees

Silty Sand Mass Unit Weight: 132,14 pef

Post Office Box 343 450 19" Sueet: ‘asper. Alabama 35502-3431 - 205-221-0686 - “ax 203-221.772° afil@megehee.org
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SIEVE ANALYSIS
(ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSAWW
Sample LD.: TP #6 Date Analyzed: 4/11/14
Description: 0'-4' Requested By: Jeff Aldridge
Weight of Oven Dry Sampie (W) 998.0 Grams
Sieve + Sample Percent |Cumulative]
Sieve Sample Sieve Weight of Total Weight Pereent Percent
Ne. Weight Weight | Retained | Retained | Percent | Retained Finer
1 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/2" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 599.0 513.0 86.0 8.6 8.6 8.6 91.4
10 649.0 462.0 187.0 18.7 274 27.4 72.6
40 699.0 383.0 316.0 3.7 59.0 59.0 41.0
200 528.9 333.0 [95.9 19.6 78.6 78.6 21.4
Pan 593.1 380.0 Z13.1 21.4 100.0 100.0 0.0
Total Weight (WI): 998.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 27.2 Effective Cohesion: 0.6940 psi
Plastic Limit: 18.4 Total Cohesion: 8610 psi
Plasticity Index: 8.8 Permeability: 050 Ry
Maximum Dry Density: 1160 pcf
Soil Classification:| SC Optimum Moisture: 131 %
Effective Cohesion: 999 psf
Coarse Grained Angle of Internal Friction:  27.92  degrees
Clayey Sand Mass Unit Weight: 13352 pef

Post Office Box 3431 130 (9™ Smeet fasper, Alabama 35502-3431  205-221-0686  Fax 205-221.772 uffi@mecgehee.org



MCJEN ‘€ ENgINEEFiNG COfp

(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/i4
Location: Concord Analyzed By: CSIFww
Sample LD.: TP #6 Date Analyzed: 4/11/14
Description: 4'- 7 Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1000.0 Grams
Sieve + Sample Percent |Cumulative]
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Woeight | Retained | Retained | Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.9
/2" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 595.0 513.0 82.0 8.2 8.2 82 91.8
10 564.0 462.0 102.0 10.2 18.4 18.4 81.6
40 6386.0 383.0 303.0 30.3 48.7 48.7 5t.3
200 683.0 3330 350.0 350 83.7 83.7 16.3
Pan 543.0 3300 163.0 i6.3 100.0 100.0 0.0
Total Weight (W1): 1000.0

SOIIL. CLASSIFICATION
Unified Systern (ASTM D-2487)

Liquid Limit: 26.9 Effective Cohesion: 12500 psi
Plastic Limit: 21.7 Total Cohesion:  1.940  psi
Plasticity Index: 52 Permeability: 140  fiyr
Maximum Dry Density: 1200  pef
Soil Classification:| SM-SC Optimum Moisture: 133 %
Effective Cohesion: 1800  psf
Coarse Grained Angle of Internal Friction:  30.54  degrees
Silty, Clayey Sand Mass Unit Weight: 13596 pef

Post Office Box 3431 150 19™ Smeet  Jasper. Alabama 35502-3431  205-221-0686 Fax 205-221-7720  staflii@mcgehee.org
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(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CS/Tww
Sample LD.: TP #7 Date Analyzed: 4/11/14
Description: 0' - 4 Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1004.0 Grams
Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.4 0.0 100.0
2n 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 635.0 513.0 142.0 14.1 14.1 14.t 85.9
10 696.0 462.0 234.0 23.3 373 375 62.5
40 683.0 3830 300.0 299 67.3 67.3 327
200 403.1 333.0 6.1 7.0 743 74.3 257
Pan 637.9 380.0 257.9 257 100.0 100.0 0.0
Total Weight (WL:[  1004.0

SOIL CLASSIFICATION
Unified System {ASTM D-2487)

Liquid Limit: 46.7 Effective Cohesion: 06940 psi

Plastic Limit: 28.3 Total Cohesion: 8.610 psi
Plasticity Index: 18.4 Permeability: 050  fiyr
Maximum Dry Density: 1160  pcf

Soil Classification:| SC Optimum Moisture: 151 %
Effective Cohesion: 999  psf

Coarse Grained Angle of Internal Friction:  27.92  degrees

Clayey Sand Mass Unit Weight: 13352 pef

Post Office Box 3431 150 19™ Smeet  Jasper. Alabama 35502-3431  205-221.0686 Fax 205-221-7721 sul@mcgehes.org
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SIEVE ANALYSIS
(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CS/Iww
Sample L.D.: TP #7 Date Analyzed: 4/11/14
Description: 4 -9 Requested By: Jeff Aldridge
Weight of Oven Dry Sampie (W): 1000.0 Grams
Sieve + Sample Percent [Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
Nao. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
L2 347.0 540.0 7.0 0.7 0.7 0.7 99.3
d 695.0 513.0 182.0 18.2 18.9 18.9 81.1
10 6659.0 462.0 207.0 20.7 39.6 39.6 60.4
40 605.0 383.0 222.0 222 61.8 61.8 38.2
200 440.7 333.0 107.7 10.8 72.6 72.6 27.4
Pan 654.3 380.0 2743 27.4 160.0 100.0 0.0
Total Weight (W1): 1000.0

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: 312 Effective Cohesion: 1.2500 psi

Plastic Limit: 26.3 Total Cohesion:  1.940  psi
Plasticity Index: 4.9 Permeability: 140 ftiyr
Maximum Dry Density: 1200  pcf

Soil Classification:| SVM-SC Optimum Moisture: 133 %
Effective Cohesion: 180.0 psf

Coarse Grained Angle of [nternal Friction: 3054  degrees

Silty, Clayey Sand lass Unit Weight: 13596  pef

Post Office Box 3431 450 19% Street Jasper. Alabaima 35302-3431  205-221-0686 Fox 205-221-7721  saffg@mcgehee.org
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SIEVE ANALYSIS
{ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSAww
Sample ILD.: TP #8 Date Analyzed: /1414
Description: 0'-2.5' Requested By: Jeff Aldrdge
Weight of Oven Dry Sample (W): 1000.0 Grams
Sieve + Sample | Percent |Cumulative
Sieve Sample Sieve Weight of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
3/47 0.0 0.0 0.0 0.0 0.0 0.0 100.0
1/2" 537.0 540.0 17.0 1.7 1.7 1.7 98.3
4 693.0 513.0 180.0 18.0 1597 19.7 80.3
10 671.0 462.0 209.0 20.9 40.6 40.6 59.4
40 611.0 383.0 228.0 2238 63.4 63.4 36.6
200 5329 333.0 199.9 20.0 83.4 834 16.6
Pan 546.1 380.0 166.1 16.6 100.0 100.0 0.0
Total Weight {(W1): 1000.0
SOIL CLASSIFICATION
Unified System (ASTM [D-2487)
Liquid Limit: 296 Effective Cohesion: 1.2300 psi
Plastic Limit: 234 Total Cohesion:  1.940  psi
Plasticity Index: 6.2 Permeability: 140  fryr
Maximum Dry Density: 1200  pef
Soil Classification:| SM-SC Optimum Moisture; 133 %
Effective Cohesion: 180.0  psf
Coarse Grained Angle of Internal Friction: 3054  degrees
Silty, Clayey Sand Mass Unit Weight: 13596  pef

Post Office Box 3431 430 19" Smeet Jasper, Alabama 355023431 205-221-0686 Fax 205-221-7721 siafli@megehec.org
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SIEVE ANALYSIS
(ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSaww

Sample L.D.: TP #8 Date Analyzed: 4/14/14

Description: 2.5 -4.5' Requested By: Teff Aldridge
Weight of Oven Dry Sample (W): 1003.0 Grams

Sieve + Sample Percent |Cumuiative,

Sieve Sample Sieve Weight of Total Weight Pereent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.9 0.0 0.0 100.0

3i4v 0.0 0.0 0.0 0.0 0.0 0.0 100.0
112" 540.0 340.0 0.0 0.0 0.0 0.0 100.0
<4 636.0 313.0 123.0 12.3 123 12.3 87.7
10 637.0 462.0 175.0 17.4 29.7 29.7 70.3
40 693.0 383.0 310.0 30.9 60.6 60.6 364
200 499.9 333.0 166.9 16.6 77.3 77.3 227
Pan 608.1 380.0 228.1 227 100.0 106.0 0.0

Total Weight (W1):|  1003.0

SOIL CLASSIFICATION
Unified System {ASTM D-2487)

Liquid Limit: 331 Effective Cohesion: 04940 psi

Plastic Limit: 25.7 Total Cohesion: 8610 psi
Plasticity Index: 7.4 Permeability: 050  fuyr
Maximum Dry Density: 1160  pef

Seil Classification:| SC Optimum Moisture: 151 %
Effective Cohesion:  99.9 psf
Coarse Grained Angle of Internal Friction: 2792 degrees
Clayey Sand Mass Unit Weight: 13352 pef

Post Office Box 343% 450 19" Smee.  .asper. Alabama 35302-343 205221068  Fax 205-221.772  sufi@megehee.ors
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SIEVE ANALYSIS
(ASTM C136-962)

Company Name; Qak Grove
Location: Concord
Sample L.D.: TP #8
Description: 4.5'- &'

Weight of Oven Dry Sample (W)

Sample Date: 4/9/14

Analyzed By: CSOIww
Date Analyzed: 4/14/14
Requested By: Jefl Aldridge

1000.0 Crams

Sieve + Sample Percent |Cumulative,

Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Pereent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
314" 0.0 0.0 9.0 0.0 0.0 0.0 100.0
172" 555.0 540.0 15.0 1.5 1.5 1.5 98.3
4 654.0 513.0 141.0 14.1 15.6 15.6 84.4
10 578.0 462.0 116.0 11.6 27.2 27.2 72.8
40 541.0 383.0 158.0 15.8 430 43.0 57.0
200 755.5 333.0 422.3 42.3 833 85.3 14.3
Pan 5275 380.0 147.5 14.8 100.0 100.0 0.0

Total Weight (W1):[  1000.0
SOIL CLASSIFICATION

Unified System (ASTM D-2487)

Liquid Limit: N/a
Plastic Limit; N/a
Plasticity Index: N/A

Soil Classification:] N/A

Coarse Grained
Sands with Fines

Effective Cohesion:  N/A  psi
Total Cohesion:  N/A  psi
Permeability:  N/aA  fuyr
Maximum Dry Density:  N/A  pcf
Optimum Moisture:  NA %
Effective Cohesion:  N/A psf
Angle of Interpal Friction:  N/A  degrecs
Mass Unit Weight:  W/A  pef

Post Office Box 3431 450 19" Siree asper, Alabama 35302-3431 . 105.221-068  ‘ax205-221-772)  saff@megehes.ory
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MC_JEN € © IGMEEFing corp

SIEVE ANALYSIS
(ASTM C136-962)

Company Name: Qak Grove

Location: Caoncord
Sample L.D.: TP #9
Description: 0'- 4

Sample Date: 4/9/14

Analyzed By: CS/rww
Date Analyzed: 4/16/14
Requested By: Jeff Aldridge

Weight of Oven Dry Sample (W): 1000.0 Grams
Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained Percent | Retained Finer
I 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 586.0 513.0 73.0 7.3 7.3 7.3 92.7
10 663.0 462.0 206.0 20.6 27.9 279 721
40 660.0 333.0 277.0 277 55.6 356 44 4
200 501.6 333.0 168.6 16.9 725 723 275
Pan 6554 380.0 275.4 2.5 100.0 100.0 0.0
Total Weighe (W1): 10060.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 41.2 Effective Cohesion:  0.6940
Plastic Limit; 25.1 Total Cohesion: 8.610
Plasticity Index: 16.1 Permeability: 050
Maximum Dry Density:  116.0
Soil Classification:| SC Optimum Moisture: 151
Effective Cohesion:  99.9
Coarse Grained Angle of Internal Friction: 2792
Clayey Sand Mass Unit Weight: 13352

psi

psi
f/yr
pef

%

psf
degrees

pef

Post Office Box 343

i50 19"

" Sweat  lasper. Alabama 35502-3431  205-22

1-0636 Fax 205-221-7721 saff@megehec.org



MC Jen & 1 Wikering wrp

SIEVE ANALYSIS

Company Name: Oak Grove

Location: Concord

Sample LD.: TP #9
Description: 4 - 7

{ASTM C136-96a)

Sample Date: 4/9/14

Analyzed By: CS/TwWww
Date Analyzed: 4/16/14
Requested By: Jeff Aldridge

Weizght of Oven Dry Sample (W): 1001.0 Grams
Sieve + Sample Percent [Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/2" 533.0 540.0 13.0 1.3 1.3 1.3 98.7
4 683.0 513.0 t70.0 17.0 18.3 18.3 gt.7
10 615.0 462.0 153.0 153 336 336 66.4
40 537.0 383.0 154.0 15.4 499 49.0 51.0
200 665.8 333.0 332.8 33.2 §2.2 822 17.8
Pan 558.2 380.0 178.2 17.8 100.0 100.0 0.0
Total Weight (W1): 1001.G
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 29.5 Effective Cohesion: 12500 psi
Plastic Limit: 252 Total Cohesion: 1940  psi
Plasticity Index: 4.3 Permeability: 140 fiyr
Maximum Dry Density: 1200  pef
Soil Classification:| SM-SC Optimum Moisture: 133 %
Effective Cohesion:  180.0  psf
Coarse Grained Angle of Internal Friction:  30.54  degrees
Silty, Clavey Sand Mass Unit Weight: 13596 pef

Past Office Box 343.

150 19™ Sweet  Jasper. Alabama 35502.3431

205-221-0686  Fax 203-221.7721

sufi@megehee_org
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(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSUwWw
Sample L.D.; TP 210 Date Analyzed: 4/16/14
Description: 0'- 3 Requested By: Jeff Aldridge
Weight of Oven Dry Sampie (W): 1020.3 Grams
Sieve + Sample Percent |Cumuiativey
Sieve Sample Sieve Weight of Total Weight Percent Perceat
No. Weight Weight Retained | Retained Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
3/4" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
172" 347.3 540.0 7.3 0.7 0.7 0.7 99.3
4 660.0 513.0 147.0 14.4 13.1 15.1 849
10 675.0 462.0 213.0 209 36.0 36.0 64.0
40 663.0 383.0 280.0 27.4 63.4 63.4 36.6
200 539.1 333.0 200.1 20.2 83.6 83.6 16.4
Pan 3469 380.0 166.9 16.4 100.0 100.0 0.0
Total Weight (Wl}): 1020.3

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: 30.9 Effective Cohesion: 1.2500 psi

Plastic Limit: 26.5 Total Cohesion:  1.940  psi
Plasticity Index: 4.4 Permeability: 140 Riyr
Maximum Dry Density: 1200  pcf

Soil Classification:| SWI-SC Optimum Moisture: 133 %
Effective Cohesion: 180.0  psf

Coarse Grained Angle of Internal Friction:  30.54  degrees

Silty, Clayey Sand Mass Unit Weight: 13596 pcf

Post Office Box 3431 150 19" Smeer  lasper. Alabama 33302-3431  205-221-0686  Fax 205-221-7721 ilafi@mcgehee.org



MC_ s & NUIIEErly Corp

(ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CSMww
Sample LD.: TP #10 Date Analyzed: 4/16/14
Description: 3'- 5 Requested By: Jeff Aldridge
Weight of Oven Dry Sample (W): 1000.0 Grams
Sieve + Sample Percent }Cumulative
Sieve Sample Sieve Weight of Total Weight Percent | Percent
No. Weight Weight | Retained | Retaiped | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2 544.0 540.0 4.4) 0.4 0.4 0.4 99.6
4 671.0 513.0 158.0 15.8 16.2 16.2 83.8
10 663.0 462.0 201.0 20.1 36.3 36.3 63.7
40 601.0 383.0 273.0 278 64.0 64.0 36.0
200 521.5 333.0 188.5 8.8 82.9 22.9 17.1
Pan 551.5 380.0 171.5 17.1 100.0 100.0 0.0
Total Weight (W1:[ 1001.0

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: 34.1 Effective Cohesion:  1.2500  psi

Plastic Limit: 272 Total Cohesion:  1.940  psi
Plasticity Index: 6.9 Permeability: 140 fifyr
Maximum Dry Density: 1200  pcf

Soil Classification:| SM-SC Optimum Moisture: 133 %
Effective Cohesion: 180.0  psf
Coarse Grained Angle of Internal Friction: 3054  degrees
Silty, Clayev Sand Mass Unit Weight: 13596  pef

Post Office Box 3431 430 19™ Sweet  Jasper. Alabama 33502-3431  205-221-0686  Fax 203-221-7721  siaffiiEmcgehee.org



m._&l._z .ngineeping corp

SIEVE ANALYSIS
(ASTM C136-962)

Company Name: Qak Grove
Location: Concord
Sample [.D.: TP #10
Description: 5'-7'

Weight of Oven Dry Sample (W):

Sample Date: 4/9/14

Analyzed By: CSirww
Date Analyzed: 4/16/14
Requested By: jeff Aldridge

1000.0 Grams

Sieve + Sample | Percent |Cumulative

Sieve Sample Sieve Weight | of Total Weight Percent | Percent

No. Weight Weight | Retained | Retained | Percent | Retained Finer
1 0.0 0.0 0.0 9.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
172" 551.0 540.0 11.0 1.1 1.1 L.l 98.9
4 646.0 513.0 133.0 13.3 14.4 14.4 85.6
10 584.0 462.0 122.0 12.2 26.6 26.6 73.4
40 348.0 3830 [65.0 16.5 43.1 431 56.9
200 759.4 333.0 426.4 42.6 857 85.7 14.3
Pan 522.6 380.0 142.6 14.3 100.0 100.0 0.0

Total Weight (W1): 1000.0

SOIL CLASSIFICATION
Unified System (ASTM D-2487)

Liquid Limit: nN/A
Plastic Limit: N/a
Plasticity Index: N/A

Soil Classification:| N/A

Coarse Grained
Sands wth Fines

Effective Cohesion:  N/A  psi

Total Cohesion: N/A  psi
Permeability: NA  fuyr

Maximum Dry Density:  N/A  pef

Optimum Moisture: NA %
Effective Cohesion:  N/A  psf

Angle of Internal Friction:  N/A degrees

Mass Unit Weight:  N/A pef

Post Office Box 3431 430 19" Swee  Jasper, Alabama 35302-343  205.221-068¢  Fax 205-221-7721  siafi@mcgehee.org



MC, _.. € €.1gINESring corp

SIEVE ANALYSIS

Company Name: Oak Grove

Location: Concord

Sample L.D.: TP-1!
Description: 0-3'

(ASTM C136-96a)

Sample Date: 4/9/t4
Analyzed By: CS
Date Analyzed: 4/15/14
Requested By: J. Aldridge

Weight of QOven Dry Sample (W): 1001.0 Grams
Sieve + Sample Percent |[Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight Retained | Retained Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/47 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 677.0 513.0 164.0 16.4 16.4 16.4 83.6
10 690.0 462.0 228.0 22.3 392 39.2 60.3
40 665.0 383.0 282.0 28.2 673 67.3 32.7
200 486.6 3330 153.6 15.3 827 82.7 17.3
Pan 553.4 380.0 173.4 17.3 100.0 100.0 0.0
Total Weight (\W1): 1001.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 48.9 Effective Cohesion:  0.6940 psi
Plastic Limit: 295 Total Cohesion: 8610 psi
Plasticity Index: 19.4 Permeability: 030  fvyr

Soil Classification:| SC

Coarse Grained

Clayey Sand

Maximum Dry Density:  116.0  pef

Optimum Moisture: 151 %
Effective Cohesion:  99.9 psf

Angle of Internal Friction: 2792 degrees
Mass Unit Weight: 13352 pef

Post Office Box 343

150 19™ Smeel

asper. Alabama 35302-3431 - 205-221-0686

-ax 203.221.772

laffi@megehee.org



me« yet & Agneermy corp

SIEVE ANALYSIS
{ASTM C136-96a)
Company Name: Oak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: €S
Sample [.D.: TP-11 Date Analvzed: 4/16/14
Description: 3'- % Requested By: J. Aldridge
Weight of Oven Dry Sample (W): 998.0 Grams
Sieve + Sample Percent |Cumulative|
Sieve Sample Sieve Weight | of Total Weight Percent Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 .0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
1/2" 557.0 540.0 17.0 1.7 1.7 1.7 98.3
4 683.0 513.0 170.0 17.0 18.7 18.7 8.3
10 675.0 462.0 213.0 21.3 40.1 40.1 399
40 559.0 383.0 176.0 17.6 317 517 42.3
200 617.6 3330 2846 28.5 86.2 86.2 13.8
Pan 5174 380.0 137.4 13.8 100.0 100.0 0.0
© Total Weight (W1): 998.0
SOIL CLASSIFICATION
Unified System {ASTM D-2437)
Liquid Limit: 28.2 Effective Cohesion:  1.8730 psi
Plastic Limit: 26.4 Total Cohesion:  6.528  psi
Plasticity Index: L8 Permeability: 1230 fvyr
Maximum Dry Density: 1150  pef
Soil Classification:| SN Optimum Moisture: 49 %
Effective Cohesion:  270.0  psf
Coarse Grained Angle of Internal Friction:  33.02  degrees
Silty Sand Mass Unit Weight: 132,14 pef

Post Olfice Box 331 .30 19™ Smeet Jasper, Alabama 35502-2431  205.221.0686 Fax 203-221.7721 s feimepshes org



MC_EN & :glileering corp

SIEVE ANALYSIS

Company Name: Qak Grove

Location: Concord

Sample LD.; TP-11
Description: 5*- 7

{ASTM C136-96a)

Sample Date: 4/9/14
Analyzed By: CS
Date Analyzed: 4/16/14

Requested By: 1. Aldridge

Weight of Oven Dry Sample (W): 977.0 Grams
Sieve + Sample Percent |Cumularive
Sieve Sample Sieve Weight | of Total Weight Pereent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
374" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
172" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 628.0 513.0 115.0 11.8 11.8 11.8 88.2
10 670.0 462.0 208.0 21.3 33.1 331 66.9
40 656.0 383.0 273.0 27.9 61.0 61.0 19.0
200 555.2 333.0 2222 22.7 83.7 83.7 16.3
Pan 538.8 380.0 158.8 16.3 100.0 100.0 0.0
Total Weight (W1): 977.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 300 Effective Cohesion: 0.694¢ psi
Plastic Limit: 22.9 Total Cohesion: 8610 psi
Plasticity Index: 7.1 Permeability: 050  fiyr
Maximum Dry Density: 1160 pef
Soil Classification:| SC Optimuwm Moisture: 151 %
Effective Cohesion:  $99  psf
Coarse Grained Angle of Internal Friction: 2792 degrees
Clayey Sand Mass Unit ¥Weight: 13352 pef
Post Office Box 343, 150 19" Swec. asper, Alabama 333023431 203-221-0686 + “ax 205-221-772  swll@mcgehee.org
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SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove
Location: Concord
Sample 1.D.: TP-12
Description: 0'- 3

Weight of Oven Dry Sample (W):

Sampie Date: 4/9/14
Analyzed By: CS
Date Analyzed: 4/16/14
Requested By: 1. Aldridge

1000.0 Grams

Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight of Total Weight Percent Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
i 0.0 0.0 0.0 0.0 0.0 0.0 100.0
3/4" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 5400 540.0 0.0 0.0 0.0 0.0 100.0
4 606.0 513.0 93.0 9.3 9.3 9.3 90.7
10 556.0 462.0 94.0 94 18.7 18.7 81.3
40 697.0 383.0 3140 L4 50.1 s0.1 49.9
200 680.4 333.0 3474 347 84.8 84.8 15.2
Pan 5316 380.0 151.6 15.2 100.0 100.0 0.0
Total Weight (W1):]  1000.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 2238 Effective Cohesion:  [.8750 psi
Plastic Limit: 21.3 Total Cohesion: 6528  psi
Plasticity Index: 1.5 Permeability: 1230  fi/yr

Soil Classification:| SM

Silty Sand

Coarse Grained

© Maximum Dry Density: 1150  pef
Optimum Moisture: 149 %
Effective Cohesion: 270.0  psf

Angle of Internal Friction: 3302  degrees
ivlass Unit YWeight: 132.14  pcf

Pos! Office Box 343 150 19% Streey asper, Adabama 335023431 205-221-0686  -ax 205-221-7721 - naffifimegehes.org



M Jen & L1y

IREEFiNG corp

SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Qak Grove
Location: Concord
Sample LD.: TP-12
Description: 3-8

Weight of Oven Dry Sample (W):

Sample Date: 4/9/14
Analyzed By: CS
Date Analyzed: 4/16/14
Requested By: J. Aldridge

1011.0 Grams

Sieve + Sample Percent Cumulative‘

Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
I 0.0 0.0 0.0 0.0 0.0 0.0 100.0

314" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
2" 340.0 3400 0.0 0.0 0.0 0.0 100.0
4 581.0 513.0 68.0 6.7 6.7 6.7 93.3
10 549.0 462.0 87.0 8.6 13.3 15.3 34.7
40 699.0 383.0 316.0 L3 46.6 46.6 534
200 750.4 333.0 417.4 41.3 87.9 37.9 12.1
Pan 502.6 380.0 122.6 2.1 100.0 100.0 0.0

Total Weight (W1): 101t.0
Unified System (ASTM D-2487)
Liquid Limit: 22.1 Effective Cohesion: 1.8730
Plastic Limit: 21.7 Total Cohesion:  6.528
Plasticity Index: 0.4 Permeability: 1230
Maximum Dry Density: 1150
Soil Classification:[ SN Optimum Moisture: 149
Effective Cohesion:  270.0
Coarse Grained Angle of Internal Friction:  33.02
Silty Sand Mass Unit Weight: 132,14

psi

psi
fifyr
pef

%

psf
degrees

pef

Post Office Box 3431+ 130 19® Swreet  Jasper. Alabama 35507-343]  205-221-0686  Fax 203-221-7721  sufi@megehes.org
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(ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CS
Sample LD.: TP-13 Date Analyzed: 4/21/14
Description: ¢'-4' Requested By: 1. Aldridge
Weight of Oven Dry Sample (V¥): 999.0 Crams
Sieve + Sample Percent |Cumulative]
Sieve Sample Sieve Weight [ of Total Weight Percent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12 541.0 540.0 1.0 0.1 0.1 0.1 99.9
4 675.0 513.0 162.0 16.2 16.3 16.3 83.7
10 636.0 462.0 174.0 17.4 33.7 137 66.3
40 638.0 383.0 275.0 27.5 61.3 61.3 38.7
200 493.6 333.0 160.6 16.1 713 713 227
Pan 606.4 330.0 220.4 22.7 100.0 £00.0 0.0
Total Weight (W) 999.0

SOIL CLASSIFICATION
Unified Systemn {ASTM D-2487)

Liquid Limit: 28.4 Effective Cohesion:  0.6940 psi

Plastic Limit: 18.6 Total Cohesion:  8.610  psi
Plasticity Index: 9.8 Permeability: 050  fiyr
Maximum Dry Density:  116.0  pcf

Soit Classification:| SC Optimum Moisture: 151 %
Effective Cohesion: 996  pst

Coarse Grained Angle of Internal Friction: 2792  degrees

Clayey Sand vass Unit Weight:  133.52  pef

Post Office Box 3431 50 19" Street Tasper, Alabama 33502-3431  205-221-0636 Fax 205-221-7721  af@megehee.org
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IQINEEring Corp

SIEVE ANALYSIS
(ASTM C136-96a)

Company Name: Oak Grove
Location: Concord
Sample I.D.: TP-13
Description: 4'-¢'

Sample Date: 4/9/14
Analyzed By: CS
Date Analyzed: 4/21/14
Requested By: J. Aldridge

Weight of Oven Dry Sample (W): 999.0 Grams
Sieve + Sample | Percent |Cumulartive
Sieve Sample Sieve Weight | of Total Weight Pereent | Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
" 0.0 0.0 0.0 0.0 0 0.0 100.0
3/4" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
172" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 606.0 513.0 93.0 9.3 9.3 9.3 90.7
10 597.0 462.0 135.0 13.5 228 223 712
40 699.0 333.0 3l6.0 316 54.5 54.5 455
200 582.5 333.8 249.5 250 79.4 794 20.6
Pan 5855 330.0 205.3 20.6 100.0 100.0 0.0
Total Weight (W1): 599.0)
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 24.3 Effective Cohesion:  1.2500
Plastic Limit: 184 Total Cohesion:  1.940
Plasticity index: 5.9 Permeability:  1.40
Maximum Dry Density: 1200
Soil Classification:| SM-SC Optimum Moisture: 133
Effective Cohesion:  180.0
Coarse Grained Angle of Internal Friction:  30.54
Silty, Clayey Sand Mass Unit Weight: 13596

degrees

pef

Post Oilice Box 3431

150 19" Sweer  Jasper. Alabama 33502-3431  205-221-0686  Fax 205-221.772]

slaffgdmezehec.org
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SIEVE ANALYSIS
{ASTM C136-96a)
Company Name: Qak Grove Sample Date: 4/9/14
Location: Concord Analyzed By: CS
Sample LD.: TP-14 Date Analyzed: 4/21/14
Description: 0'- 4 Requested By: J. Aldridge
Weight of Oven Dry Sample (W): 999.0 Grams
Sieve + Sampie Percent |Cumulative
Sieve Sample Sieve Weight of Total Weight Percent Percent
No. Weight Weight | Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34 0.0 0.0 0.0 0.0 0.0 0.0 100.0
/2" 542.0 540.0 20 02 0.2 02 99.8
4 677.0 513.0 164.0 16.4 16.6 16.6 83.4
10 655.0 462.0 193.0 19.3 35.9 35.9 64.1
40 696.0 383.0 313.0 313 67.3 67.3 327
200 493.9 3330 160.9 6.1 83.4 33.4 16.6
Pan 346.1 180.0 166.1 16.6 100.0 100.0 0.0
Total Weight (W1): 999.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liguid Limit: 155 Effective Cohesion: 0.6940
Plastic Limit: 234 Tatal Cohesion: 8610
Plasticity Index: 12.1 Permeability: 0.50
Maximum Dry Density: 116.0
Soil Classification:| SC Optimum Moisture:  15.1
Effective Cohesion: 999
Coarse Grained Angle of Internal Friction:  27.92
Clayey Sand Mass Unit Weight: 13352

psi
psi
firyr

%

psf
degrees
pef

Pos1 Office Box 343,

150 19" Streer  Jasper, Alabama 35502-3431

205-221.0636  Fax 205-221-7721

slafl@@megehee.org
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SIEVE ANALYSIS

Company Name: Qak Grove
Location: Concord
Sample L.D.: TP-14
Description: 4'- 15"

Weight of Oven Dry Samiple (W):

{ASTM C136-96a)

Sample Date: 4/9/14
Analyzed By: C5
Date Analyzed: 4/22/14
Requested By: J. Aldridge

1013.0 Grams

Sieve + Sample Percent | Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight | Retaiped | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
34" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
12" 539.0 540.0 15.0 1.9 1.9 1.9 98.1
4 693.0 513.0 180.0 17.8 19.6 19.6 80.4
10 691.0 462.0 229.0 22.6 42.3 42.3 57.7
40 697.0 3830 3140 31.0 73.2 732 26.8
200 4232 313.0 90.2 8.9 8§22 8§2.2 17.8
Pan 560.8 380.0 180.8 17.8 100.0 100.0 0.0
Total Yveight (W1): 10i3.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liquid Limit: 383 Effective Cohesion: 06940 psi
Plastic Limit: 25.9 Total Cohesion: 8510  psi
Plasticity Index: 12.4 Permeability: 050  Riyr

Soil Classification:] SC

Coarse Grained
Clayey Sand

Maximum Dry Density: 1160  pef
Optimum Moisture: 151 %
Effective Cohesion: 999  psf

Angle of Internal Friction: 2792 degrees
Mass Unit Weight:  133.52  pef

Post Office Box 343 430 19” Srrec. - lasper, Alabama 35502331 '05-221-068  “ax 205-221-772  .afl@mcgchee.org
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SIEVE ANALYSIS
(ASTM C136-962)

Company Name: Oak Grove
Location: Concord
Sample LD.: TP-15
Description: o' - 12

Sample Date: 4/9/14
Analyzed By: CS
Date Analyzed: 4/22/14

Requested By: J. Aldridge

Weight of Oven Dry Sample (W): 988.0 Grams
Sieve + Sample Percent |Cumulative
Sieve Sample Sieve Weight | of Total Weight Percent | Percent
No. Weight Weight Retained | Retained | Percent | Retained Finer
1" 0.0 0.0 0.0 0.0 0.0 0.0 100.0
3/4” 0.0 0.0 0.0 0.0 0.0 0.0 100.¢
12" 540.0 540.0 0.0 0.0 0.0 0.0 100.0
4 636.0 513.0 123.0 12.4 124 12.4 87.6
10 621.0 462.0 139.0 16.1 28.5 28.5 71.3
40 664.0 383.0 281.0 284 57.0 57.0 43.0
200 569.0 333.0 236.0 239 §80.9 §80.9 19.1
Pan 569.0 380.0 189.¢ 19.1 100.0 100.0 0.0
Total Weight (WV1): 988.0
SOIL CLASSIFICATION
Unified System (ASTM D-2487)
Liguid Limit: 34.9 Effective Cohesion:  0.6940
Plastic Limit: 24.7 Total Cohesion: 8610
Plasticity Index: 102 Permeability:  0.50
Maximum Pry Density:  116.0
Soil Classification:| SC Optimum NMoisture:  15.1
Effective Cohesion: 999
Coarse Grained Angle of Internal Friction:  27.92
Clayey Sand Mass Unit Weight:  133.52

psi

psi
fi/yr
pef

%

psf
degrees

pef

Post Office Box 3431 150 19™ Sireet  Jasper. Alabama 35502.3431  205.221.0686 Fax 205-221.7721 staffi@megehee.org
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SEDCAD 4.0

ARV CuBaean 1 T ne
i

Oak Gi+__ = Resources, LLC, Concor . ne, Slurry
Impoundment No. 6

Elevaden-a&rse-TacecT TENs
Eevatcn Area Cagacity
() {z¢-!
475.00 0.260 G050
476.00 0.013 0.0C6
177.50 0.067 0.296
473,00 0.149 0.151
479.C0 0.2 0.354
48060 0.410 0.458
481.c0 0.575 1,178
482.00 0.765 1.346
483.20 0.983 2718
984.00 1.229 3.821
485.00 1.350 5.183
1265 171 6.802
487.00 1.599 8671,
488.C0 2275 10.505
489.00 2.389 13.227.
490.60 2856 15950
42100 3213 19.955
482,50 3.362 22.38%
493.00 3.930 26.126
454.00 4.317 10.248
455.00 4.720 34.764
456.C0 5.143 39,857
497,00 5,593 45068
428.00 6.057 50.559
459.00 6.540 57.186
SG0.C0 7.040 63975
501.00 7.600 71.293
502.00 8.131 75.132
£03.00 8.733 87,551
504.00 9.4C6 56.754
505.00 10.650 16,4980
506.00 10.321 116913
507.C0 11618 128130
508.00 12444 140,133

SEOCAD Uity Run Prinle:s 17-2C-2014
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SEDCAD 4.0

mea I3RS

SE3CAD Uunty Run

Erevarion Cavenr.

[ e
Lt R 153.027

o 5 ‘.J o 1€2.7€4
1106
S12.700

BT
31400
515.29 19.240
516.20 20118
517.00 21.014 280.240
518.00 21.930 311710
515.C0 22.266 334.106
520.C0 3820 357 M43
S21.00  :I; 38171
522.00 25.538 406.305
523.00 26.572 432,559

: 524.00 27.573 460.045
525.00 23.450 488.051

T sz60 29370 516.950
527.00 30.262 545,795
528.00 31.168 577.509 .
529.60 32088  609.136
530.£0 33.020 41.589
531.00 33.863 675.130 .
532.00 14.716 708.419
5§33.00 35.580 744.566 '
534.00 36.455 780,531
535.00 37.340 817,480
536.C0 19.014 §55.654
537.00 40723 395 520
533.00 42180 93713
539.00 a4 352 030,471
540.00 46070 1025.529
54L.C0 44.563 1071945
512.00 47.053  1118.753
543.00 47.556  11€6.063
544,00 43.057  1213.869

‘ 545.00 43560 1262177
545.00 49.269  1310.991
547.00 46580 1380.313
£45.60 50.094  1410.152
536.00  S0611 1960505




SEDCAD 4.0

L T T @rmalz P Rmime g 2
‘5' n Ar2a Capacry
- {ac’ {ac-it}
St N 1511.375
32,:3?3 1563.1C0
53.329 1815.023
54.749 1670163
53.333 1725523
o 572230 1732134
58,208 1240.652
£0.COL 1859.353
4i.Aar1 1960.C€0
62.338 2022.183
3£0.00 £4.280 2085.741
sE0CAD ; T Prinled G2-2C-2C14
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CGR SLURRYH.ANS

- U.5. ARMY CCRPS OF ENGIMEERS
- HYDROLOGIC ENGINEERING CENTER

JUN 1993 f

VERSION 4.1 609 SECOND STREET

* = DAVIS, CALIFORMIA 95616
: (816) 755-1104

* FLOCD HYDRCGRAPH PACKAGE  (HEC-1)

RUN DATE 063unl4  TIME 16:21:36

X X COCUX HOCLK X
X X X X X XX
X X X X X
XAOOCOOK XX X KA X
X X X X X
X X X X X X
X X OXCCOXKX KA XX

THIS PRCGRAM REPLACES ALL PREYIQUS VERSICNS OF HEC-1 KMOWM AS HEC1 (JAM 73), HECLGS, HECLDB, AND HECLKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKX- ON RM-CARD WAS CHANGED WITH REVISTONS (QATED 28 SEP 81. THIS IS THE FORTRANY/ VERSIOM
NEW OPTIONS: DAMBREAX QUTFLCW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIFS AT DESIRED CALCULATION INTERWAL  LOSS RATEIGREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE

2 0 * Full - 72 HR-PMF FLOQOD STORAGE ROUTING =

3 ID * 0OAKX GROVE RESQURCES, LLC ®

4 ID * CONCORD PREPARATION PLANT *

5 ID % SLURRY IMPQUNDMENT NO. 6 =

6 ID EEE R A s e e T

7 T 15 0 0 300

8 I0 2

9 IR FLOW 1.0

10 KX  BASIN
11 KM CDHPBTE INFLCW HYDRCGRAPH

12 P8
13 PI 0.025 0.025 0.025 0.025 0.025 0.025% 0.025 0.025% 0.025 0.025
14 PI 0.025 0.025 0.025 0.9025 0.025 0.025 0.025 0.025 0.025 0.025
15 PI  0.025 0.025 0.025 0.025 0.031 0.031 0.031 0.031 0.031 0.0321
16 PI  0.031 0.031 90.031 0.031 0.03 0.031 0.031 0.031 0.039 0.039
17 pr 0.039 0.03% 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039
18 pI 0.039 0.039 0.039 0.03% 0.039 0©.039 0Q.039 0©.039 0.039 0.039
19 P 0,039 0.039 0.055 0.055 0.055 ©.055 0.055 0.055 0.055 0.055
20 PI 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.053
21 PI 0.05% 0.055 0.055 0.055 0.055 0.055 0.078 0.079 0.080 0.081
22 P 0.081 0.082 0.083 0.084 0.085 0.08 0.08% 0.089 0.09¢ 0.091
23 PI 0.093 0.094 0.096 0.097 0.099 0.101 0.102 0.104 0.106 0.108
24 PI  0.187 0.195 0.203 0.211 0.219 0.227 Q.235 0.243 0.251 Q.259
25 PI  0.267 0.275 0.283 0.290 0.298 0.306 0.313 0.321 0.329 0.336
26 pr  0.344 0,351 0.358 0.366 0.389 0.462 0.526 0.579 0.622 0.6356
27 PT  0.741 0.923 0.931 1.109 2.532 4.896 5.283 3.609 1.418 0.947
28 PI  0.963 0.849 0.669 0.641 0.602 0.554 0.495 0.427 0.180 0.175
29 P 0.16%9 0.164 0.160 0.155 0.151 0.147 0.143 0.139 0.136 0.133
10 PI 0.130 0.127 0.124 0.122 0.119 Q.117 0.115 0.114 0.112 0.111
31 PT 0.110 0.109 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068
32 PI  0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.068
33 PI 0.068 0.068 0.068 0.068 0.068 0.068 0.046 0.046 0.046 0.046
34 PT  0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046
35 PI  0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046
36 P 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 Q.034 0.034
37 PI 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
13 pr 0.034 0.034 0.034 0.034 0.028 0.028 0.028 0.028 0.028 0.028
39 PI 0©.028 0.028 0.028 0.028 0.028 0.028 0.028 Q.028 0.028 0.028
40 PT 0.028 0.028 0.028 0.028 0.028 0.028 0.028 0.028

4] g8a 0.12
42 LS 0 93 65.0
43 uo  0.07
44 KK OAK GROVE RESOURCES SLURRY IMPQUNDMENT MO. 6

45 KM RCUTE COMPUTED HYDARCGRAPH THRQUGH THE IMPOUNDMENT
46 RS 1 ELEY 554
47 SA 55.9 57.2 S8.6 §0.0 61.4 62.8

48 SE 554 535 536 557 558 539

49 SG 0.00 48.4 167 .4 344.8 577.2 863.25

Page 1



CGR SLURRYB.AMS

[E

U.5. ARMY CCRPS OF ENGINEERS
HYDROLGGIC EMGINEERIMG CEMTER
609 SECOND STREET
DAVIS, CALIFCRNIA 95616 =

(9158) 756-1104

oo

FLGCD HYCRCGRAPH PACKAGE (HEC-1) =
JUN 19498 *
VERSIGN 4.1

& o w
%
%o

B

EE N

RUN DATE  06Junld TIME 16:21:36 *

£l
* 0AK GROVE RESOURCES. LLC *
* CCMCORD PREPARATICN PLANT ®
* SLURRY IMPOUNDMENT MO. 6 =
A R T A T I A A A T N T A R R AT N I A A A A T T AR A N AT A A RN Ay
8 10 QUTPUT CONTROL VARIABLES
IPRANT 2 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDRCGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIM 15 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH QRDINATES
NDDATE 4 0  ENDING DATE
NDTIME 0245 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .25 HOURS
TOTAL TIME BASE  74.75 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  TMCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
e MULTI-PLAN OPTION
NPLAN 1 MUNEER 0OF PLAMS
IR MULTI-RATIC OPTICN
RATIOS OF RUNOFF
1.00
Fdy oahL Lad XL AAd Fakax XA e g &%E Sk EXE AL AT AN EIE XS AAL FIF AAF XAA AAXA AL ARD AET EAE AEE khEk ARE Ak xR ek Aad
10 KX ® BASIN ¥
;‘.‘:ﬁt:\-#**'ﬁ*i"*‘\'*
COMPUTE INFLCW HYDRGGRAPH
SUBBASIN RUNQFF DATA
41 BA SUBBASIN CHARACTERISTICS
TAREA .12 SUSBASIN AREA
PRECIPITATION DATA
12 rB STORM 50.44 BASIN TOTAL PRECIPITATION
13 PI INCREMENTAL PRECIPITATION PATTERN
03 .03 .03 02 02 .03 .03 03 03 03
03 03 03 03 .03 .03 .03 03 03 02
02 02 02 02 03 .03 03 03 03 03
03 03 03 02 03 .03 03 03 04 04
0d 04 04 0d 04 .04 04 04 04 04
04 04 04 04 04 .04 04 04 03 04
04 04 06 06 06 .06 06 06 06 06
06 06 06 06 06 .06 06 06 08 06
06 06 06 06 06 .06 08 08 08 08
03 08 08 08 03 .0% 09 09 09 09
09 09 10 10 .10 L 10 10 10 11 11
19 20 20 21 .22 .23 24 24 25 26
27 27 28 29 .30 .31 31 32 33 34
34 15 36 37 39 .46 53 58 62 66
74 52 93 1.11 2.93 4.90 5.28 3.61 1.42 95
36 83 67 64 &0 .55 49 43 138 17



CGR SLURRYE.ANS
17 16 16 .15 L15 L15 14 .14 L1 .13
13 13 12 .12 12 .12 i2 1 L1t .11
11 11 07 a7 Qa7 .07 G7 a7 L7 .07
a7 07 07 07 07 .07 07 07 .07 .07
07 Q7 07 07 07 .07 a5 05 .05 .05
05 05 a5 05 05 .05 Q5 0s 05 05
05 Qa5 05 a5 a5 .05 a5 05 05 03
03 03 03 03 03 03 03 a3 03 03
03 03 03 03 03 03 03 03 03 03
03 03 03 03 03 03 a3 03 03 03
03 03 03 03 03 03 03 03 03 03
03 03 03 03 03 03 03 03
42 LS SC3 LOSS RATE
STRTL J15  INITIAL ABSTRACTICHN
CRYNBR 93.00 CURVE NUMBER
RTIMP 65.00 PERCENT IMPERVICUS AREA
43 uo SCS DIMENSIOMLESS UNITGRAPH
TLAG .07 LAG

wUE

UNIT HYDROGRAPH
5 EMD-QF-PERICD ORDINATES

230. 64. 13. 3. 0.
f-':‘."_':':-k-:f:;&'?:E.':ﬁ'.‘:?irﬁ".:ﬁi'ki‘;*#;‘:,'\"»‘\"'»:-*\‘.‘."a'f.":‘r.‘:t:&*ﬁtﬁk;’:f—'{*t{:*tﬁ:\-ﬁif.-ﬁ;".- EREEE L L
HYDRCGRAPH AT STATICN BASIN
AN A A EASE AR AN AN A A A A AN AR A SRR A S T A AR R A SR AT A A kA
E

DA MCN HRMN QRO RATN LOSS EXCESS CCHP Q = DA MCN HRMN - ORD RAIN LOSS  EXCESS coMe Q
1 0009 1 Q0 .00 Qo 0. = 2 1330 151 .95 .00 .95 363.
1 0015 2 .03 .01 Q2 4. = 2 1345 152 .96 .00 .96 310.
1 0030 3 .03 .01 02 5. - 2 1400 153 .85 .00 .85 273.
1 0045 4 .03 .01 02 5. # 2 1415 154 .67 .00 .67 223.
1 0100 5 .02 .01 02 5. = 2 1430 155 .64 .00 .64 204.
1 0115 6 .02 .01 02 5. * 2 1445 156 .60 .00 .60 190.
1 0130 7 .03 .01 02 5. = 2 1500 157 .55 .00 .55 176.
1 0145 8 .03 .01 02 5. * 2 1515 158 .49 .00 .49 159.
1 0200 9 .03 .01 02 S. ® 2 1530 159 .43 .00 .43 139,
1 0215 10 .03 .01 02 5. * 2 1545 160 .18 .00 .18 77.
1 0230 11 .03 0l 02 6. = 2 1660 161 .17 .00 .17 59.
1 0245 12 .03 a1 02 6. = 2 1615 162 .17 .00 17 54.
1 0300 13 .03 01 02 6. a 2 163C 163 .16 .00 .16 51,
1 0315 14 .03 0l 02 6. = 2 1645 164 .16 .00 .16 50.
1 0330 15 .03 01 02 6. * 2 1700 1e5 .15 .00 .15 48.
1 0345 16 .03 01 02 6. * 2 1715 166 .15 .00 .15 47,
1 Q400 17 .03 al 02 5. - 2 1730 167 .15 .00 .15 46.
1 0415 18 .03 00 02 6. = 2 1745 168 .14 .00 .14 45.
1 0430 19 .02 00 02 6. = 2 1800 169 .14 .00 .14 43.
1 0445 20 .03 00 02 6. A 2 1815 170 .14 .00 L14 42,
1 0500 21 .02 00 02 6. = 2 1830 171 .13 .00 .13 41.
1 0515 22 .02 00 Q¢ 6. = 2 1845 172 .13 .00 .13 41.
1 0530 23 .02 00 02 7. * 2 1400 173 .13 .00 .13 40.
1 0545 24 .02 00 02 7. N 2 1915 174 .12 .00 .12 39.
1 a600 25 .02 00 Q2 7. ® 2 1930 175 212 .00 .12 38.
1 0615 26 .03 00 03 8. * 2 1945 176 .12 .Q0 .12 37.
1 0630 27 .03 00 Q3 8. = 2 2000 177 .12 .00 12 36.
1 0645 28 .03 a0 03 8. = 2 2015 178 .12 00 11 36.
1 0700 29 .03 00 03 8. = 2 2030 179 .11 00 11 35
1 0715 30 .03 00 03 9. = 2 2045 180 W11 00 11 35
1 0730 31 .03 a0 03 9. * 2 2100 181 11 00 11 34
1 0745 32 .03 00 03 9. * 2 2115 182 W11 00 11 34
1 0800 33 .03 a0 03 9. * 2 2130 183 L11 00 11 34
1 0815 34 .03 QQ Q3 9. = 2 2145 184 .07 00 Q7 24
1 0830 35 .03 a0 a3 9. * 2 2200 185 .07 00 07 22
1 0845 36 .03 00 03 9, = 2 2215 186 .07 00 07 21
1 0900 37 .03 00 03 9. = 2 2230 187 .07 00 Q7 21
1 0915 38 .03 00 03 9. = 2 2245 188 .07 00 Q7 21
1 0930 39 .03 00 03 9. = 2 2300 189 .07 00 07 21
1 0945 40 .04 00 04 11. = 2 2315 180 .07 o0 Q7 21
1 1000 41 .04 00 04 11 * 2 2330 191 .07 00 07 21
1 1015 42 .04 Q0 04 11 = 2 2345 192 .07 00 07 21
1 1030 43 .04 00 04 11 ® 3 0000 193 .07 00 07 21
1 1045 44 .04 00 04 11 = 3 0015 194 .07 a0 07 21
1 1100 45 .04 00 04 11 = 3 0030 195 07 00 Q7 21
1 1115 46 .04 00 04 11 = 3 0045 196 .07 00 07 21
1 1130 47 .04 00 04 11 * 3 0100 197 .07 00 07 21
1 1145 43 .04 00 04 11 * 3 0115 198 .07 00 07 21
1 1200 49 .04 00 04 11 = 3 0130 199 Q7 Q0 07 21
1 1215 50 .04 00 04 12 = 3 0l4s 200 .07 00 Q7 21
1 1230 51 .04 Q0 04 12 * 3 0200 201 .07 [o]0] 07 21
1 1245 52 .04 a0 04 12 * 3 0215 202 .07 00 Q7 21
1 1300 53 .04 00 04 12 = 3 0230 203 .07 00 Q7 21
1 1315 54 .04 00 04 12 * 3 0245 204 .07 V] 07 21
1 1330 53 .04 .00 .04 12. = 3 0300 203 .07 00 07 21
1 1345 56 .04 .00 .04 12. 3 0315 208 .07 00 07 21
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CGR SLURRYE.ANS

2 5.23 .0G 0213 298 .cn ) Q.
2 3.61 LQ0 & ~ e 0.
2 1.42 .00 0.
TOTAL RAIMFALL = 50.44, TOTAL LOSS = .31, TOTAL EXCE3SS = 50.13
PEAK FLCW TIMNE MAXIMUM AVERAGE FLOW
B-HR 24-HR 72-HR 74.75-HR
+ (CFs) (HR)
(CF3)

+ 13648, 36.73 397. 133. 54, 52.

(INCHES) 30.745 42 .369 $0.131 5G.131

(AC-FT) 197. 274, 321. 321.

CUMLLATIVE AREA = J12 5q MI
*A*****“*******kﬁk**##**%ﬁﬁ**i:ﬁﬁﬁt::ﬁﬁi&ﬂﬁ*ﬁﬁtﬁﬁiéﬁﬁﬁﬁ:ﬁt:uiﬁﬁﬁaﬁi?*:éﬁﬁﬁwﬁﬁﬁﬁﬁzﬁt#ﬁ:iﬁi:ﬁ* -3

BELFTARLEAEE S L L

HYDRCGRAPH AT STATION BASIN
PLAM 1, RATIO = 1.00

DA MOM HRMN  OQRD FLOW

0815 226 14.

DA MCN HRMN  ORD

MCN HAMN  ORD

£
o
»

DA MCM HRMN QRO FLOW

dowow

1 00c0 1 Q. * 1 1845 76 17. = 2 1330 151 3

1 0015 2 4, * 1 1900 77 17. * 2 1345 152 3 0830 227 14.
1 0030 3 5. = 1 1915 78 17. * 2 1400 153 3 0845 228 14.
1 0045 4 5. = 1 1930 79 17. ® 2 1415 154 . 3 0900 229 14.
1 Q100 5 5. * 1 1945 80 17. = 2 1430 153 204 . = 3 0915 230 14.
1 0115 b 5. * 1 2000 81 17. & 2 1445 156 190. ® 3 0930 231 14.
1 0130 7 5. = 1 2015 82 17. * 2 1500 157 176. ® 3 0945 232 11.
1 0145 8 5. # 1 2030 83 17. = 2 1515 158 159. = 3 1900 233 11,
1 0200 9 5. * 1 2043 84 17. = 2 1530 139 139. * 3 1015 234 11.
1 0215 10 5, * 1 2100 85 17. * 2 1545 160 77. * 3 10306 2335 11.
1 0230 11 6. * 1 2115 86 17. * 2 1600 161 59. ® 3 1045 236 11.
1 0245 12 6. * 1 2130 &7 17. * 2 1615 162 54, * 3 1100 237 11.
1 Q300 13 6. = 1 2145 88 22. * 2 1630 163 51. ® 3 1115 238 11.
1 0315 14 6. = 1 2200 89 24. = 2 1645 164 50, = 3 1130 239 11.
1 0330 15 6. * 1 2215 90 24 = 2 1700 165 48. = 3 1145 240 11.
1 0345 18 6. = 1 2230 91 25 = 2 1715 166 47. * 3 1200 241 11.
1 0400 17 6. * 1 2245 92 25 = 2 1730 167 45, * 3 1215 242 11.
1 0415 18 6. = 1 2300 93 25 = 2 1745 168 45, = 3 1230 243 11.
1 0430 19 6. = 1 2315 94 25 * 2 1800 169 43. * 3 1245 244 11.
1 0445 20 6. * 1 2330 95 25 * 2 1315 170 42. = 3 1300 245 1.
1 0500 21 6, # 1 2345 9% 26 = 2 1830 171 41, * 3 1315 246 11.
i 0515 22 6. * 2 0000 97 26 * 2 1845 172 41, = 3 1330 247 11.
1 0530 23 7. * 2 0015 98 27 A 2z 1900 173 40. * 3 1345 248 11.
1 0545 24 7. N 2 0030 99 27 = 2 1915 174 39, ® 3 1400 249 11.
1 0600 2% 7. = 2 0045 100 28 * 2 1930 175 38. * 3 1415 250 11.
1 0615 26 8. * 2 0100 101 28 # 2 1945 176 37. * 3 1430 251 11,
1 0630 27 8. # 2 0115 102 28 = 2 2000 177 36. = 3 1445 252 11.
1 0645 23 8. & 2 01320 103 29 ® 2 2015 178 36. = 3 1500 253 11.
1 0700 29 8. * 2 0145 104 29 A 2 2030 179 35. = 3 1515 254 11.
1 0715 30 9. = 2 0200 195 30 * 2 2045 1380 35. = 3 1530 255 11.
1 0730 31 9. * 2 0215 106 30 N 2 2100 181 34, * 3 1545 256 9.
1 0745 32 9. = 2 0230 107 31 A 2 2115 182 34, ¥ 3 1600 257 9.
1 0800 33 9. = 2 0245 108 31 * 2 2130 183 34. * 3 1615 258 9.
1 0815 34 9. * 2 0300 109 32 = 2 2145 184 24. = 3 1630 259 9.
1 0830 35 9. = 2 0315 110 32 * 2 2200 185 22. * 3 1645 260 9.
1 0845 36 9. # 2 0330 111 33 N 2 2215 188 21. = 3 1700 261 9.
1 0900 37 9. = 2 0345 112 51 = 2 2230 187 21. * 3 1715 262 9.
1 0915 38 9. = 2 0400 113 58 = 2 2245 188 21. - 3 1730 263 9.
1 093G 39 9. * 2 0415 114 62 * 2 2300 189 21. * 3 1745 264 9.
1 0945 40 11. = 2 0430 115 G4 = 2 2315 190 21, = 3 1800 263 9.
1 1000 41 11. * 2 0445 116 67 = 2 2330 191 21. =+ 3 1815 246 9.
1 1015 42 11. = 2 0500 117 69 = 2 2345 192 21. # 3 1830 287 9.
1 1030 43 11. * 2 0515 118 72 = 3 0000 193 21, = 3 1845 268 9.
1 1045 44 11. * 2 0530 119 74 # 3 0015 194 21. * 3 1900 269 9.
1 1100 45 11. # 2 0545 120 77 * 3 0030 195 21. = 3 1915 270 9.
1 1115 46 11. # 2 0600 121 79 = 3 0045 196 21. * 3 1930 271 9.
1 1130 47 11. * 2 0615 122 82 ® 3 0100 197 21. * 3 1945 272 q.
1 1145 48 11. = 2 0630 123 84 x 3 0115 198 21, * 3 2000 273 9.
1 1200 49 11. = 2 0645 124 87 * 3 01320 199 21, ® 3 2015 274 9.
1 1215 50 12. ® 2 0700 125 89 * 3 Q145 200 21. * 3 2030 275 9.
1 1230 51 12. ® 2 Q715 126 91 = 3 0200 201 21. = 3 2045 2706 9.
1 1245 52 12. = 2 0730 127 94 = 3 0215 202 21, * 3 2100 277 9.
1 1360 53 12. # 2z 0745 128 96 * 3 0230 203 21. = 3 2115 278 9.
1 1315 34 12. = 2 0800 129 98 = 3 0245 204 21. = 3 2130 279 9.
1 1330 55 12. * 2 0815 130 101 = 3 0300 205 21, * 3 2145 280 2.
1 1345 56 12. # 2 0830 131 103 * 3 0315 206 21. = 3 2200 281 Q.
1 1400 57 12. = 2 0843 132 106 = 3 0330 207 21. = 3 2215 282 0.
1 1415 58 1z, = 2 0900 133 108 = 3 0345 208 16. = 3 2230 283 Q.
1 1430 59 12. * 2 0915 134 110 # 3 0400 209 13. ® 3 2245 284 Q.
1 1445 8D 12. = 2 0930 135 112 * 3 0415 210 14. = 3 2300 235 0.
1 1500 6l 12. = 2 0945 136 113 = 3 0430 211 14. = 3 2315 286 0.
1 1515 62 12, * 2 1006 137 137 # 3 0445 212 14. = 3 2330 287 0.
1 1330 63 12. " 2 1015 138 157 = 3 0300 213 14. = 3 2345 283 Q.

Page 5



QOGR SLYRRYE. ANS
i 1545 64 15 ¥ 2 1037 112 174, = 3 0515 2114 14 4 Cood 239 0.
1 1600 65 16 * 2 1345 123 133. = 3 0530 21s 14 4 30l 290 0.
1 1615 66 17 = 2 1100 141 0. = 3 0545 216 14 ® 4 0020 291 0.
1 1630 67 17 = 2 1115 142 222, = 3 0600 217 11 * 4 0045 292 0.
1 1645 63 17 * 2 1130 143 270. * 3 0615 218 14 i 4 0100 293 0.
1 1700 69 17 = 2 L1145 144 235. = 3 0630 219 14 = 4 0115 294 Q.
1 1715 70 17 * 2 1200 145 329. = 3 0645 220 14 = 4 G130 295 0.
1 1730 71 17 = 2 1215 146 663. * 3 0700 221 14 4 0145 296 0.
1 1745 72 17 = 2 1230 147 1306 * 3 0715 222 14 = 4 0200 297 0.
1 130G 73 17 = 2 1245 143 1568 = 3 0730 223 14 * 4 0215 298 0.
1 1315 74 17 # 2 1300 149 1239 * 3 0715 224 14 = 4 0230 299 0.
1 1830 75 17 * 2 1315 150 638 = 3 08CC 225 14 = 4 0245 300 0.
B e e e Ar Xk uhtailearissde R R R R R L e SRR TLLRT
PEAK FLOW TIME MAXIMUM AVERAGE FLCW
6-HR 24-HR 72-HR 74.75-HR
+ (CF3) (HR)
{CFs5}
+ 1566. 36.75 397. 133. 54, 52.
(INCHES) 30.745 42.869 50.131 50.121
{aC-FT) 187. 274, 321. 321.
CUMULATIVE AREA = .12 s MI
sun wEa wxa ART ARA NAT XEE ASR ANS XAE AELE AAW O REE AWA A4E AL IAL HEs Lad wxa had xAS GAY RAY AAF RAT EES SEA AN AAY ADE Aws wad
44 KX # QAX GR = OVE RESQURCES SLURRY IMPOUNDMENT NO. 6

ROUTE COMPUTED HYDRGGRAPH THROUGH THE TMPGUNOMENT

HYDROGARAPH ROUTING DATA

46 RS STORAGE ROUTING
NSTPS 1 MNUMBER OF SUBREACHES
ITYP ELEY TYPE OF INITIAL CONDITION
RSVRIC 554,00 INITIAL CONDITION
X .00 WORKING R AND O COESFICIENT
47 Sa AREA 55.9 57.2 58.6 60.0 61.4 62.8
43 s5€ ELEVATIOM 534.00 555.00 556.00 337.00 558.00 539.00
49 sQ DISCHARGE 0. 43, 167, 345. 577. 863,
CCMPUTED STORAGE-ELEVATIGN DATA
STORAGE .00 56.55 114.45 173.75 234.44 296,54
ELEVATICN 554.00 555.00 556.00 557.00 558.00 559.00

HYDROGRAPH AT STATIOMN  QAK GR
PLAN 1, RATIO = 1.00

AN A A N AN A AR N T A T A A A T N R T A A R A T A T T N L A A A N T A A N A S A N A O I N AN S R N A AN S A AN a S A A A AN ForAA AT AL AL S LGS

DA MON HRsMM QRO QUTFLCW STGRAGE STAGE f DA LON HAMN QRD  QUTFLOW  STORAGE STAGE * DA MCN HAMM ORD OQUTFLOW STDRAGE STAGE
1 0000 1 0. .0 5540 * 2 0100 101 13. 15.4 554.3 * 3 0200 201 64. 64.13 355.1
1 0015 2 0. .0 554.0 = ¢ 0115 102 13 15.7 554.3 % 3 0215 202 62. 63.4 555.1
1 0030 3 0. .1 554.0 * 2 0130 102 14 16.9 554.3 % 3 0230 203 61, 62.5 555.1
1 0045 4 0. .2 554.0 = 2 0145 104 14 16.3 534,313 * 3 0245 204 59. 61.7 555.1
1 01090 5 Q. .3 554.0 * 2 0200 105 14 16.6 554.3 * 3 0300 205 57. 61.0 535.1
1 0115 6 Q. .4 554.0 * 2 0215 106 15 17.0 554.3 % 3 0315 206 56. 60.2 555.1
1 0130 7 0. .3 554.0 * 2 0230 107 15 17.3 554.3 % 3 0330 207 55. 59.5 555.1
1 0145 8 1. .5 554,0 * 2 0245 108 15 17.6 554.3 % 1 0345 208 53. 58.8 555.0
1 0200 9 1. .7 534.0 7 2 0300 109 15 13.0 554.3 % 1 0400 209 51. 58.0 355.0
1 0215 19 1. .8 554.0 % 2 0315 110 16 13.3 554.3 = 3 0415 210 50. 57.3 555.0
1 0230 11 1. .9 534.0 = 2 0330 111 16 13.7 554.3 % 3 0430 211 48, 56.6 555.0
1 0245 12 1. 1.0 554.0 % 2 0345 112 16 19.2 534.3 = 3 0445 212 43. 55.9 535.0
1 0300 13 1. 1.1 554,0 * 2 0400 113 17 20.0 554.4 * 3 0500 213 47. 55.2 555.0
1 0315 14 1. 1.2 554.0 * 2 0415 114 13 20.9 554.4 % 3 0515 214 47, 54.5 5535.0
1 0330 15 1. 1.3 554.0 = 2 0430 115 19 21.8 554.4 = 3 0530 215 46. 53.8 555.0
1 0345 16 1. 1.4 554.0 % 2 0445 116 19 22.7 554.4 = 3 0545 216 46. 53.2 554.9
1 0400 17 1. 1.5 534.0 ¢ 2 05Q0 117 20 23.7 554.4 * 3 0600 217 45, 52.9 554.9
1 0415 18 1. 1.6 554.0 = 2 0515 118 21 24.8 554.4 * 3 0615 213 44, 51.8 554.9
1 0430 19 1. 1.7 554.0 = 2 0530 119 22 25.8 554.5 * 3 0630 219 44, 51.1 554.9
1 Q0445 20 2. 1.8 554.0 = 2 0545 120 23 26.9 554,5 * 3 0645 220 43. 50.7 554.9
1 0300 21 2. 1.9 554.0 * 2 0600 121 24 23.0 554.5 = 3 0700 221 43, 50.1  554.9
1 0515 22 2. 2.0 554.0 = 2 0615 122 25 29.2 554.5 % 3 0715 222 42. 49.5 554.9
1 0530 23 2. 2.1 554.0 ¢ 2 0610 123 26 30.4 554.5 = 3 0730 223 42. 48.9 554.9
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(CFs)

(INCHES)
(AC-FT)
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b-HR

258.
19.985
123.

6-HR

CGR SLURRYS . ANS
4 27.

w2 0645 12 7 31.6
=2 0700 125 28. 32.8
2 0715 126 29. 34.1
=2 0730 127 Jo. 35.4
=2 0745 1283 31. 36.7
=2 0800 129 33. 38.1
=2 0815 130 34. 39.5
® 2 0830 131 35. 40.9
= 2 0345 132 35. 42.3
=2 0900 133 37. 43.7
=2 0915 134 39. 45.2
=2 0930 135 40. 46.7
o2 0%45 136 41, 48.2
T2 1000 137 43. 50.0
T2 1015 138 45, 52.1
= 2 1030 139 47. 54.6
= 2 1045 140 50, 57.3
2 1100 141 56. 60.2
2 1115 142 62. 63.4
o2 1130 143 70. 67.1
=2 1145 144 79. 71.3
T2 1200 145 88. 75.9
=2 1215 146 105. 84,2
= 2 1230 147 142. 102.0
=2 1245 148 208. 128.1
=2 1300 149 280. 152.0
=2 1315 150 319. 165.2
=2 1330 151 330. 168.9
=2 1345 152 331. 169.1
® 2 1400 153 348 168.3
=2 1415 154 324. 166.7
2 1430 155 317. 164.5
* 2 1445 1586 310. 162.1
=2 1500 157 302. 159.5
=2 1515 158 294. 156.8
2 1530 159 285. 153.¢9
= 2 1545 160 275. 150.3
=2 1600 1ol 262. 146.2
2 1615 162 250. 142.1
= 2 1630 163 238, 133.1
= 2 1645 164 227. 134.3
* 2 1700 165 216. 130.8
=2 1715 166 206. 127.4
= 2 1730 167 197. 124.2
=2 1745 168 188. 121.2
= 2 1800 169 179. 118.3
= 2 1815 170 171, 115.6
= 2 1830 171 164, 113.0
=2 1345 172 159. 119.5
=2 1900 173 154, 108.1
* 2 1915 174 150, 105.7
* o2 1930 175 145. 103.5
2 1945 176 140. 101.3
= 2 2000 177 136. 99.2
* 2 2015 178 132. 97.2
=2 2030 179 128. 95.3
=2 2045 180 124, 93.4
= 2 2100 181 120. 9l.6
=2 2115 182 117. 89.8
2 2130 183 113. 88.1
=2 2145 184 110. 86.4
=2 2200 185 106. 84.7
=2 2215 186 103. 83.0
- 2230 187 99. 81.3
=2 2245 183 96. 79.7
= 2 2300 189 93. 78.2
2 2315 190 90. 76.8
=2 2330 191 87. 75.4
=2 2345 192 84. 74.0
* 3 0000 193 82. 72.8
=3 0015 194 79. 71.5
3 0030 195 77. 70.4
03 0045 196 74. 69.2
* 3 0100 197 72. 68.1
® 3 0115 198 70. 67.1
* 3 0130 199 63. 66.1
=3 0145 200 65. 65.2

MAXIMUM AVERAGE FLCW

24-HR

121.
37.384
239

4

72-HR

51.
70357
303.

MAXIMUN AVERAGE STORAGE

24-HR

72-HR

Page 7
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GGR SLURRYH.AMS
42,

169. 37.75 1i5. 87. 40.
PEAK STAGE TIME . MAXTMUM AVERAGE STAGE
B-HR 24-HR 72-HR 74.73-HR
+ (FEET) (HR) _
556.92 37.75 536.51 555.53 554.73 554.70
CUMULATIVE ARESA = .12 sQ M1
1
PEAK FLOW AND STAGE (END-0OF-PERICD) SUMMARY FOR MULTIPLE PLAM-RATIO SCONCMIC COMPUTATIONS
FLCWS IN CUBIC FEET PER SECGND, ARSA IMN SQUARE MILES
TIME 7O PEAK IM HCURS
RATIOS APPLIED TO FLCWS
OPERATION STATICN AREA PLAN RATIO 1
1.00
HYDRQGRAPH AT
+ BASIN .12 1 FLow 1366.
TIME 36.75
ROUTED TQ
+ 0aX GR .12 1 FLOW 331.
TIME 37.75
*% PEAK STAGES IN FEET **
1 STAGE 536.92

TIME 37.75

FAE NQRAMAL END QF HEC-1 #5%

rPage 8
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SEDCAD 4.0

Crngnahl 10029010 Pomala | Qrbaak

Concord Mine, Slurry Impoundment No. 6, Spillway
Control Sectionh Freeboard

Meterial: Concrete, Bubble

Trapezoidal Channel

E_Bottorn Sid:ilfgpe S&dR;gl';tpe Slope (%)  Manning's n | Freeboaro Freeboard Fr:eToard
Vyidth (ft) Rt Ratic | Depth () % of Depth (\lJthb;(
20.00 0.5:1 0.5:1 0.5 0.0220 | 2.23
w/o Freeboard w/ Freeboard
Design Discharge: 331.00 cfs i
| Depth: 218 ft 441 ft|
Top Width: 2218 ft 24.41 ft
Velocity: 7.21 fps
X-Section Area: 45.92 5q ft
Hydraulic Radius; 1.847 ft
Froude Number: 0.88

SEDCAD Utility Run Printed 06-09-2014



SEDCAD 4.0

MCAnvraht 1002704 Samala | Sekwaah

Concord Mine, Slurry Impoundment No. 6, Spillway
Tail Ditch Section Freeboard

Matzarial: Concrete, Rubhle

Trapezoidal Ctiannal

Bottom Sfdlz_eesllrctspe Sigeigfr:)tpe Slepe (%) Manning's n Frecboard Freeboard e
width (ft) Ratio Ratio | Depth(f) %o Deptn T\Lfitb;
20.00 2.0:1 2,011 2.0 0.0220 | 230 |
w/fo Freeboard w/ Freebcard

Design Discharge: 331.00 cfs

Depth: 1.36 ft 3.86 ft

Taop Width: 2544 1t 34.64 ft
Velocity: 10.72 fps

X-Section Area: 30.88sq ft ‘

Hydraulic Radius: 1.184 ft |

Froude Number: 1.71 i

SEDCAD Ulility Run Printed 06-09-2014
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mcgehee engineering corp

PROIJECT NAME: Concord Mine. Slurry Impoundment No. 6

DESCRIPTION Lateral Drain Capacity Worksheet
BY: JA DATE: 04-02-15 SHEET __ 1 OF 2
FLOW IN ROCKFILL
Reference: “Flow Throush Reckiills”, by Thomas Leps Embankmeni-Dam Enpineering Casagrande Volume {1973).
Flow theough rockdill (efs) wlera: I¥ =zinpirical constant far a given rackAl!
m =mean hydraulic radius
i =hydraulic gradient, f/ft
O — (Wm 0.5 Xl 0.54 )A € A=dcain area, square feet
it 1 1+ g ¢ =void ratio of rockfill
1

Suggestsd values of I#m™ from Leps:  Rock Dy | W™

amn 10 infsec
2" 16 infsec
3 32 infsec

Assumed Dy, =0.75 in
Selected Wm™ = 10 in/sec
Hydrulic Gradient. i =0.01 f/ft
Drain Area =9 f¢
Assumed void ratio =0.5

PROJECT DATA:

Caleulated Flow: Q=033 ¢ls = 101.2 gpm

Capacity: {Assume a faclor of safey o 10) Q = 10.1 gpm

FLOW N PIFE
Ussr € hezet lanniuy E:uaien

wilars

| 49 3 AN i
]Q =F4= A(}':,) N s uli ract
! M i » Fpipe slope, AL N
PROJECT DA Manning s n = unl 1DPE
Tsade didieter of pipe - Fug in WSO RS
ipw ieyr = an
CALC LA TER A AL ES: = \ W
- i t
CALUPLATED FLOW; 0= D338 «fi = Y wpmn
I ——— _—

TOTAL CAPACITY OF DRAMN:

Quu= 101 = 242 = 252 gpm

Post Office Box 3431 450 19" Street  Jasper, Alabama 35502-343,  205-221-068¢  ~ax 205-221-7721 swi@megehee.org



mcgehee engingering corp

PROJECT NAME: Concord Mine. Slurrv Impoundment No. 6

DESCRIPTION Lateral Drain Capacity Worksheet
BY: JA DATE: 04-02-15 SHEET 2 OF 2

REQUIRED CAPACITY OF DRAMN:

Average flux vaiue from seepage analysis = 4.7405E-6 cfy/fi
Length of drain subjected 10 seepage = 390 i

Required Capacity of Dmin = .26 gpm

Post Otfice Box 3431 . 450 19" Sireer  Jasper, Alabama 35302-3431  205-221-0686  Fax 205-221-7721  cwi@megehee.org



mcgehee engineering corp

PROJECT NAME:

Concord Mine. Slurrv Impoundment No. 6

DESCRIPTION

Underdrain Capacitv Worksheet

BY: JA DATE: 04-02-15

FLOW IN ROCKFILL

SHEET

1 OF 2

Reference:  "Flow Through Rockfills”, by Thonas Leps Ewnbankiment-Dam Engineening Casagrande Volume §1973),

Flow through rockfill (efs): velrere: ¥ =empirical constant foc a given rockfill
m =mean hydeaulic radius
f =hydraulic gradient, /ft
e i
Q — (Wm 0.5 sz 0.54 )A A:dm.m acea, squ:lnafeel
1 1+ e @ =void ratio of rockfill
[
Suggest=d values of #m™ from Leps: Rock Dy 'IF’m a3
nn 10 infsec
2" 16 infece
3" 32 infsec

PROJECT DATA:

Assuined Dy =0.75 in
Selected Wm® = 10 infsec

Hydrulic Gradient, 1 = 0.01 &/
Drain Area = 12 f°

Assumed void ratio = 0.3

Caleylated Flow: Q=0.30ch = 136 2pin

Capaciry: (Assume a faclor of safety of 10} Q= 12.6 gpm

FLOW 3N TII'E
LUse Chezs-Manznyg E.uation

= ﬂ‘q("]z ¥ 5 ‘r"

n |

=4

PROJECT VT A

Inzide draneter 2

T ihepr -
CALCLLIATED VAL E =
CALCUIATED FLOMW: [_) = __I)‘-\.:\L &l
TOTAL CAPACLITY OF DRAIN:
Quu= 136 + 242 = 255 gpn

< =Xaaning < ronglaie i3 tos et
o X

oo Taodiv ot 5.

L osinside arva e

e foet

¢ =pipeshope AU

EIDI'E)
WSORALLIPS,

242 apmn

Post Office Box 3431 450 19" Street

Jasper, Alabama 33502-345.

205-221-068€  Fax 203-221-7721 - ew@megehee.org
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mcgehee engineering corp

PROJECT NAME: Concord Mine. Slurry Impoundment No. 6

DESCRIPTION Underdrain Capacity Worksheet
BY: JA DATE: 04-02-15 SHEET 2 OF 2

REQUIRED CAPACITY OF UNDERDRATIN:

Average flux value from seepage analysis = 4.7405E-6 cfs/fl
Length of drain subjected w seepage = 155 &

Required Capacity ol Drain = 0.33 2pm

Lateral drain seepage and Underdrain seepage = 1.26 zpm + 0.33 gpm = 1.39 gpm

Post Office Box 3431 - 450 197 Streer  Jasper, Alabama 35502-3431  205-221-068€  Fax 205-221-7721 - cw@mcgehee. org
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mcgehes enginiesring corp

PROJECT NAME: Concord Mine. Slurrv Impoundment No. 6

DESCRIPTION  Subsidence Calculations
BY: JA DATE: 6-10-14 SHEET __ 1 OF 4

Sabsidence Evaluation

Concord Prep Plant, Proposed Slurry Impoundment No. 6
Oak Grove Resources, LLC.

Hueytown, Alabama

OBJECTIVE: Evaluate Potential Subsidence Impacts on Proposed Slurry Impoundment
No. 6.

Part 1 — Review Existing Conditions
Part 2 — Evaluate Sinkhole Subsidence

Part 3 — Evaluate Trough Subsidence

Post Office Box 3431 430 19" Stree  “asper, Alabama 333023431 203-221-0686  Fax 203-221-7721 cw@mecgehee.orz



PROJECT NAME: _ Concord Mine. Slurrv Iimpoundment No. 6

DESCRIPTION _ Subsidence Calculations
BY: JA DATE: 6-10-14 SHEET

[S]
o
iy
[F=

PART 1 — Review of Existing Conditions

Coal Seam Thickness
Previous reports indicate the Pratt coal seam to have been the only seam mined below

this site. Qur review of the mine maps and historical drilling data indicates the American
coal seam to have been the coal seam mined at the Concord Deep Mine, The Concord
Mine ceased operations in 1983.

Average Seam Thickness (obtained from DDH-M151)=7
Seam Depth from Surface = 510’ to 580°

Overburden Conditions
The depth from surface to coal seam/mine level was obtained by taking the difference

from the coal seam elevation shown on the mine map and current surface topography
obtained from Jefferson County.

Coal was mined from the Concord Mine by the room and pillar mining method and
was extensively mined under the proposed impoundment based on review of the
Concord Mine maps. Deep mining was conducted under 100% of the impoundment.
The maps indicate secondary recovery of pillars (pulling pillars) was conducted under
approximately 71% of the impoundment. Records indicate pulling of pillars occurred
under approximately the southern three-fourths of proposed Slurry Impoundment No. 6
from 1952 to 1959 with pulling of pillars under the northern approximately one fourth
of the impoundment in 1980.

PART 2 — Evaluate Sinkhole Subsidence

Sinkhole subsidence is commonly associated with gob formation from roof collapse or
pillar failure in shallow underground mines. Based on knowledge of historical
occurrences, scam and overburden conditions, the potential for sinkhole occurrence
can be estimated.

Post Office Box 3431 430 19" Sireet  Jasper, Alabama 33302-3431  203-221-0686  Fax 203-221-772.  _wi@mcgehee org
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PROJECT NAME:  Concord Mine. Slurrv Impoundiment No. 6

DESCRIPTION  Subsidence Calcuiations
BY: JA DATE: 6-10-14 SHEET __ 3 OF

T

Estimation of Gob Zone
a) Empirical Factor - estimate of gob zone based on empirical or rule of thumb

factors indicates gob zone formation to be at two to eight times the extracted
coal seam thickness. Using eight times the seam height of 7°,
Gob Zone=8x 7" =56

b) Gob Height Formula - estimating the gob zone using the gob height formula of
Jones and Kohli, (1983) Subsidence Engineering, WVU Institute of
Technology, Montgomery, West Virgina

100 H +2.2
47 H +19

Where H 1s in meters
America Coal Seam H =7 =2.13 meters

Gob Height= _100(2.13} +22 =73+22m
47(2.13)+ 19

Use 9.5 meters = 31.3 feet

Conctusion

Using the worst case condition of the empirical formula method (56°) and a factor of
safety of 2 yields a value of 112°. Based on exiting sinkhole theories it is highly unlikely
that sinkholes can occur at this site due to the large overburden thicknesses.

Based upon the number of years since mining occurred, it can be concluded that future
subsidence affects are unlikely since the majority of subsidence in this area has already

occurred.

Post Office Box 3431 430 19" Street Jasper, Alabama 33302-343°  205-221-0686 Fax 203-221-7721 w@megehee.org
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PROJECT NAME:  Concord Mine. Slurrv Impoundment No. 6

DESCRIPTION _ Subsidence Calculations
BY: IA DATE: 6-10-14 SHEET 4 OF 4

PART 3 - Evaluation of Trough Subsidence
Determine the height of the potential fracture zone above the Concord Deep Mine.

a) Empirical Estimate — empirical estimates of fractured zones assume the fractured
zone may extend 20 to 40 feet times the extracted coal height (7°).

Fractured zone =20 x 7 feet = 140’
Fractured zone = 40 x 7 feet = 280°

b) Fractured Zone Formula, Jones and Kchli, (1983)

Fractured zone formula= 100H +3.6
1.6H+3.6

Where H is in meters
America Coal Seam H =7 = 2.13 meters

Fractured zone = 100 (2.13) +56 =304m +56m=248t036.0m
1.6(2.13)+3.6

= 81.53 feetto 118.] feet

Conclusion: Subsidence will not cause the fracture zone to reach the surface in the area of
proposed Slurry Impoundment No. 6.

Based upon the number of years since mining occurred, it can be concluded that future
subsidence affects are unlikeiy since the majority of subsidence in this area has already

occurred.

Post Office Box 3431 4350 19" Swee-  Jasper, Alabama 35502-3431  205-221-0636  Fax 203-221-7721 - cw{imegchee.org



Project

REPORT OF GRADIENT RATIO TESTING

Project Number

Sample Identification:

ASTM D 5101

Qak Grove Resources Concord Prep Plant
12-651 Date: 04/01/15

TP13

Sample Description Clay, silty, sandy, light orangish brown, light brown
Geotextile Mirafi FW700
Phvsical Properties of Sample

Length 4.00 in. Moisture : 0.9%

Diameter 4.00 in. Volume . 0.0291 f°

Dry Weight 2.48 lbs. Dry Density (PCF): 84.6

Gradient Ratio Test Data
[' System
Elapsed Gradient Permeability
Gradient Time (hrs) Ahg; Ab, Ratio (cm/sec)

1 1 (2.5) (.7 29 0.000964
[ 2 (2.7) (2.4) 2.3 0.000857
1 4 (2.8) (2.6) 2.2 0.000532
1 8 (2.9 (2.6) 22 0.000400
1 24 (2.9} (2.6) 2.2 0.000305
2 1 (6.3) (5.6) 2.3 0.000335
2 2 (7.8) (9.2) 1.7 0.000308
2 4 (7.9) (9.5) 1.7 0.000237
2 8 (7.9) (9.5) 1.7 0.000220
2 24 (7.9) (9.5) 1.7 0.000198
4 1 (12.4) (11.9) 2.1 0.000030
4 2 (13.1) (16.8) 1.6 0.000029
4 4 (13.2) (17.2) 1.5 0.000029
4 8 (13.2) (17.3) 1.5 0.000029
4 24 (13.2) (17.3) 1.5 0.000028

Gradient Ratio =

Ahsf/ 255 em
Ahs /510 em

Ah(soil[fabric) / Leng th(soi!/fabric) =
Ah [ Length

{s0ih) (sotl)
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SEDCAD 4 for Windows
T amuriakll 1Q08 2040 Pamals | Sehuenk

Oak Grove Resources, LLC.
Concord Mine
Slurry Impoundment No. 6
Typical Groin Ditch

10 Year 6 Hour Event

Jeff Aldridge, P.E.

Filename: Cliffs Concord Slurry Impoundmenl No. 6 Left Side Groin Ditch.sc4 Printed 03-17-2015




SEDCAD 4 for Windows

MCnnudaht 1009 2010 Pamala | Srlueah

General Information

Storm Information:

Storm Type: scsbhr
Design Storm: 100 yr - 6 hr
Rainfall Depth: 6.000 inches

Filename: Cliffs Concord Slurry Impoundment No. 6 Left Side Grain Ditch.sc4 Printed 03-17-2015



SEDCAD 4 for Windows

M Aanynahl 16A8 204N Pamala | Srhuah

Structure Networking:
" Stru (flows  Stru | Musk. K '

Type " into) # (hrs) Musk, X Description

Null -3 ==> End 0.000 0.000 Typical Groin Ditch '
1
| Nulf
I

Filename: Chifls Concord Slurry Impoundment No. 6 Left Side Groin Dilch.sc4 Printed 03-17-2015



SEDCAD 4 for Windows

CamvAanl 0GR 2010 Pomata | Schuiah

Structure Summary:
[ Immediate Total Peak Taotal
Contributing Contributing Discharde Runoff
Area Area s g Voilurme
(ac) (ac) (cfs) (ac-ft)
#1 4.400 4.400 16.75 142

Filename: Cliffs Concord Slurry Impoundmenl No. 6 Left Side Groin Bilch.sc4

Printed 03-17-2015



SEDCAD 4 for Windows

Cammeianl 1008 2N10 Pamala | Sakiush

Structure Detail:

Typical Groin Ditch

Filename: Cliffs Concord Slurry Impoundment No. 6 Left Side Groin Ditch.scd Printed 03-17-2015



SEDCAD 4 for Windows

CAanunakl 1008 2000 Bamala | Sehiash

o

Subwatershed Hydrology Detail:

Time of ) Peak Runaoff
Sgu S\iJS SWS Area Conc Musk K Musk X Curve UHS Discharge Volume
F (ac) (hrs) {(hrs) Number (cfs) (ac-ft)
#1 1 4.400 0.120 0.000 0.000 81.000 F . 16.75 1.416
> 4.400 16.75 1.416
Subwatershed Time of Concentration Details:
Stru SWS " o Vert, Dist.  Horiz. Dist., Velocity .
# 4 Land Flow Condition Slope (%) (ft) (0 (fps) Time (hrs)
f
5. Nearly bare and untilled, and
#1 1 aliuviat valley fans 10.34 180.00 1,740.00 3.210 0.150
#1 1  Time of Concentration: 0.120 |

Fitename: Cliffs Concord Slurry Impoundment No. 6 Left Side Groin Ditch.sc4

Printed 03-17-2015



SEDCAD 4.0

Meanudant 1GARZAAAN Pamala | Qrhuvah

Typical Groin Ditch

Material: Riprap

Triangular Channel

Left Right Freeboard Freeboard
Sideslope Sideslope Slape (%)
Ratio Ratio Depth (ft) % of Depth
2.0:1 2.0:1 26.0| 0.50

SEDCAD Utility Run

PADER Method - Steep Slope Design

w/o Freeboard

w/ Freeboard l

Design Discharge: 16.00 cfs
Depth: 0.96 ft 1.46 ft

! Top Width: 3.85f1t 5.851t)
| Velocity: 8.66 fps
' X-Section Area: 1.85 sq ft
1 Hydraulic Radius: 0.430 ft
| Froude Number: 2.20
| Manning's n: 0.0500
Dmin: 3.00in
D50: 6.00in
: Dmax: 9.00 in

Printed 03-17-2015
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REAME
(Rotational Equilibrium Analysis of Multilayered Embankments)

Qak Grove Resources, LLC,
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 1

Soil TP-10
Static Case
Revised 4-2-15



COpY=rTe™ 1, ZIVID ENGINZEEING SCTT
LEXINGTON,

i

UNMNIVERSITY OF HZNTUCKTY,
TwpoT PILE NAME -OGRSLG

TITLE -0Oak Grove Resources LLC Concord Preparation Flant

Y

NC. COF STATIC AwD SEISMIC CASES- 1

NCO. OF NONCIRCULAR SLIP SURFACES= O

CASE NOC. 1
NOG. OF BOUND
NO. OF POINT
1 ¥ COORD.
2 X COORD.
3 ¥ COORD.
4 X COORD.
NOC. OF POINT
1 X COORD.
2 X COORD.=
3 X COQRD.
4 X COORD.
NO. OF POGINT
1 X COORD.
2 K COORD.
3 X COORD.
NO. OF POINT
1 ¥ COCRD.
2 ¥ COCRD.=
3 X COOCRD.
4 ¥ COORD.
5 X COORD.
5 ¥ COORD.
7 X COCRD.
8 X COORD.

LINE ®NO. AND

1 +1,
2 -0.
3 -0.
4 L
-0.

WM. C=Z=7H QF TELLEST SLICE= 0

NO. CF BAZZT

RADIUS DECREMEMNT

KY

0

4

i

4

3

i

8

CENTE

40506

Revised 4-2-15

41

458.

454
450

474
474

469

476,
474,

554

554
554
560
560
515
515
466

4562.

ARE:

0z7
019

(SR

SEISMIC COEFFICIZNT=

ARY LINES= 4

S O BCUUIARY LINE 1 =
=0 Y COORD.=
= 400 ¥ COORD.=
= 750 Y COORD.
= 900 Y COORD.
S ON EC \RY LIdNz 2 =
= 83.42 ¥ COORD.

395,22 ¥ COORD.
= 450 Y COORD,=
= 753 T COORD.
S ON BCTWIARY LINE 3 =
=0 Y COORD.
= 83.42 Y COORD.
= 382.14 Y COORD.=
5 O BOUNDARY LINE 4 =
=0 ¥ COORD.
= 382.14 Y COORD.=
= 414.25 Y COORD.
= 439.45 Y COORD.
= 575.13 Y COORD.
= 605.27 Y COCRD.=
= 753 ¥ COCRD.
= 3030 Y COOCRD.
SLOPE OF EACH SECMENT
044 -0.013 -0.
003 -0.042 -0.
€15 +0.264

o +0.187 +0.C
022

53 JCNTIOL LluEZIs=

FCR ZZ¥2 1 = 0
5

NO. OF CIRCLES FCR ZONE 1 =
ID NO. FOR FIRST CIRCLE FOR ZONE 1

55

.99

.72

82

-0.332

(MARCH 1594

+0.000

MOAMETYSIS OF MULTILAYERED ENERITIIZNTS)
VERSIOM)



SOIZ mD COHEE_C TEIC. RNZLE B
1 R 34.6 _2-
Z SR 25.2 oo
3 0 0 62 .4

USE PHPREATIC SURFACE

USE GRID

NC. OF SLICES= 10

¥C. OF ADD., RRIDTII= 3

ANALYSIS 2Y STMPLITIED BISHOP METHQD (MTHD=2)

NUMEZR QF FORCES (NEQO)= 0

SOFT SCIL NUMEZR (SSN)= 0

NO. OF POINTS ON WATER TABLE= &

1 X COOED.= 0 Y COORD.= 554
2 X COORD.= 382.14 Y COORD.= 554
3 X COORD.= 571.51 Y COQORD.= 472
d X COORD.= 63%.6 Y COORD.= 470
5 ¥ COORD.= 753 Y COORD.= 466
6 X COORD.= $00 Y COCRD.= 462,82

NO. OF SCILS WITH DIFFERENT WATER TABRLE= 0

NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO= O

INPUT COORD. CF GRID PQINTS 1,2,RND 3

POINT 1 X ClLAI.= 580 Y Clonl.= B35

POINT 2 X COORD.= 580 Y COORD.= 560

POINT 3 X COCRD.= 800 Y COORD.= 580

X INCREMENT= 20 Y INCREZMENT= 20

NO. OF DIVISIONS EZTW=zZY POIN_3 1 AND 2= 5

NO. OF DIVISIONS BITWEZN 20INT3 2 AND 3= {4

ONLY F. S. BT EAC= CENTZR WILL BE PRINTEZD

SLICES WILL BE SU=Z_VIDED

AUTOMATIC SEARCH WILL FOLLOW AITER GRIC

FACTORS OF SATETY BASED ON GRID

IN

MAXIMUM RADIUS IS

CE

THE FOLLOWING TABLE WARNING INDICATES HOW M™YY TIMES THZ
LIMITED BY THE END POINTS OF GROUND LINES

NTER X C

COORDINATE C

S80
580
580
580
580
552
635

ENTEZ Y
OORZINATE
835 11
780 L
725
670
615
560
835

[E

[O) I I R e

2

o= NN

NO. OF TIRCLE
TOTAL CRITIC. RADIUS

364.059
309.622
255.185
200.748
158.777
103.781
379.473

127

LOWEST

F.
2.
.894
.872
. 964
.400
. 602
L1220

B W NN

S.

942

WARNING

[ T e Y e o Y o S



635 TEl 5 1 324.478
635 725 5 1 26% . 2o
635 £70 5 1 214,27
G635 615 5 1 153.4z>2
635 560 11 6 91.3%°
650 835 5 1 380,188
690 = 5 1 325.193
690 TZ3 5 1 270.157
690 670 5 1 215.202

M 615 5 1 120,206
690 560 5 1 105.211
Ti5 835 5 1 380.903
745 780 5 1 325.907
745 725 11 7 268.152
745 670 5 1 215.917
745 615 5 1 160.821
745 560 5 1 105.926
800 835 5 1 382.197
800 780 5 1 327.217
800 725 5 1 272.237
800 670 5 1 217.256
800 615 5 1 162.276
800 560 5 1 107.295

ET POINT { 633 835 ) RADIUS 379.473
THE MINIMUM FACTOR OF SAFETY IS 2.720

FACTORS OF SAFETY BASED ON SZARCH

IN THE FOLLOWING TABLE WARNING IMDICATES HOW MANY TI
MAXI¥OM RAZZTUS IS LIMITED BY THE END POINTS OF GROUN
CEXNTER X C=ZHTER Y NG. OF CIRCLE
COORLCIN2TE  COORDINATE TOTAL CRITIC. RADIUS
635 835 5 1 379.473
655 835 5 1 379.733
675 835 5 1 379.993
€55 855 5 1 399.731
655 875 5 1 419.730
655 895 5 1 439,728
655 915 3 1 459,726
675 8§95 5 i 439,968
695 895 5 1 440.248
675 915 5 1 459.98¢6
675 875 5 1 419.990
680 895 5 1 440.053
670 895 5 1 439,923
665 895 5 1 439.858
660 595 5 1 439,793
665 SO0 5 1 444,857
6865 903 5 1 449,857
665 310 5 1 454,337
BeSs 915 5 1 423.856
670 810 5 1 £51.922
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6er 223 5 1 do4. 792 2.661
AT POINT { 665 910 ) RALDIUS 454,237
TEE ML:IMTM FACTOR OF SAFETY IS 2.655
SULLAARY OF SL INZTEMETION ZCR MOST CLITIT LIp
SL. S0IL &£LC°CE SLICE S 2R E_IZE TCTEL
NO. NO. WIZTH SLIZET SEIGHT 5Z2¥= WI_oG -
1 2 C.263 0..C4 0.271 =—-.622 D2.272 +.L_ 1. 0
2 2 32.11C 15.388 5.436 ~-.587 J.77 Z+05 0. 0
3 2 5.722 31.373 10.230 -.545 C.2.2Z+05 0O, 0
4 2 15,473 39.273 1l2.674 -.517 T.253=Z+72 7. 0
5 2 T5.el7 47,080 15,321 -.475 0.2.33=Z-26 0. 0
& 2 38.085 51.747 17.113 -.413 0.2322Z+06 0. 0
7 2 38.095 54,358 15.€4 -.32% 0.2422+06 0. 0
g 2 16.111 53.882 12.641 -.270 0.,102=Z-76 0.8B%9E+05 O
9 1 21.984 52.459 9.287 -.228 0.135E+06 0.1232-06 0
10 1 2.779 51.06% 7.542 -.,201 0.167E+05 0.154%435 0
11 1 30.140 53.664 10.115 -.164 0.19%2E+06 0.173E+0€ 0
12 1 5.176 55,395 12.185 -.126 0.341E+05 0.301E+05 O
13 1 38.095 50.434 13,765 -.078 0.229E+06 0.1378+06 O
14 1 38.093 39.179 13.862 0.006 0.179E+06 0.146E+06 O
15 1 38.095 24.728 10.703 0.08% 0.114E+06 0.886E+05 O
16 1 28.270 8.507 5.318 0.162 0.328E+05 0.235E+05 0
17 1 9.825 1,180 1.160 0.204 0.145E+04 0.736E+03 0
SUM 0
AT CENTER { 665,000, S20.000) WITH RADIUS
FACTOR OF SAFETY BY NCRMAL METHOD T35 2.588
FACTOR OF SAFETY BY SIHZPLIFIED BISHOP METHOD IS 2.655
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REAME
(Rotational Equilibrium Analysis of Multilavered Embankments)

Oak Grove Resources, LLC.
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 1

Soil TP-15

Static Case
Revised 4-2-15
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41

458,

454
450

474.

474

471 .

4646

554
554
560
560
515
515
166

462.

REAME ({ROTATIONAL =

COPURIGHT, CIVIL Z1G_l

UNIVERSITY OF Kz TUCKY,

INPUT FILE NAEME -ogrslé

TITLE -0Ozk

NO. OF §T2TICZ AND SEISMIC CASES- 1

NO. OF MNINIIRCULAR SLIP SURZACES= 0
CASE NO. 1 SEISMICZ COEEFICIZNT= 0
NO, OF ECUNDARY LINZS= 4

NG, OF POINTS OW BCUNZARY LIWE 1 = 4

1 X COORD.= 0 ¥ COORD.=
2 X CCORD.= 400 T COORD.=
3 X COCRD.= 750 Y COORD.=
4 X COORD.= 3900 ¥ COORD.=

NC., OF POINTS ON BOUNDARY LINE 2 = 4

1 ¥ COCORD.= 83.42 Y COCRD.=
2 K COORD.= 395.22 Y COORD.=
3 X COORD.= 450 Y COORD.=
4 X COCRD.= 1753 Y COORD.=

NO. OF PCINTS ON BOUNDARY LINE 3 = 3

1 X COORD.= 0 Y COORD.=
2 ¥ COORD.= 83.42 Y COORD.=
3 X COORD.= 382.14 Y COORD.=

NOC. OF POINTS ON BOUNIAZRY LINE 4 = 8

1 X COORD.= 0 T COORD.=
2 X CCORD.= 382.14 Y COCRD.=
3 X COORD.= 414.25 Y COCRD.=
4 ¥ COCRD.= 439.45 Y COORD.=
5 K CGORD,= 575.13 Y COCRD.=
6 X COCRD.= 605.27 Y COORD.=
7 ¥ COORD.= 753 Y COORD.=
8 X COCRD.= 900 Y COCORD.=
LINE MO. AND SLOPE OF EACH SEGMENT ARE:
1 +1.044¢ -0.013 -0.027
2 -0.003 -0.042 -0.0189
3 -0.015 +0.264

4 +0.000 +0.187 +0.000

-0.022

MIN. DEPTH OF TALLEST SLICE= 0

NO, OF RADIUS CONLROL ZONES= 1

RADINS DECREMENT FCR ZONWNE 1 = 0

NO. CF CIRCLES FOR ZONE 1 = 5

ID NC. FCR FIRST CIRCLE FOR ZCONE 1 =1

NO. OF BOTTOM LIkzS FOR ZONE 1 = 1
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Iz nz.=1 EZG. NO.= END MO.= 4

UNIT WEIZET OF WETER= 62.4

STIZ NO. COHESION FRIC. ANGLE L
1 2 z1.86 z
2 200 RN 1
3 0 O &

USE ZHFEATIZ ZUSFRCE

U5z CRIZ

NO. OF S1ICES= 10

MO. OF ADD. RADII= 3

ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2
NUMEER OF EFORCZIS [MZ0)= 0

SOFT SOIL NUMZEER (SSN)= 0
NO. OF POIMNTS ON WATER TAEIE= 6

1 X COCRD.= 0 Y COORD.= 554

2 X COCRD.= 382.14 Y COORD.= 554

3 X COORD.= 571.5 Y COORD.= 471.8
4 X COORD.= 639.5 ¥ COORD.= 470

5 X COORD.= 753 Y COCRD.= 466

6 ¥ COORD.= 900 Y COORD.= 482,82

NO. OF SCILS WITH DIFFERENT WATER TAB_E=

b o

)

Wi IGHT

~ 3

L
on

NO. OF SOILS WITH DIFFERZNT PORE PRESSJCRE RATIO= O

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

POINT 1 X COORD.= 580 Y COORD.= 83
POINT 2 X COORD.= 580 Y COQRD.= 56
POINT 3 X CCCQRD.= &lC Y COORD.= 580

X INCREMENT= 20 Y INCREMZNWIZ= 20
NO. OF DIVISIONS BETWZZN POINTS 1 RNZ 2= 5
MG, OF DIVISIONS BETWEEN PCZXTS 2 ANZ 3= 4
ONLY F. S. AT EACH CENTER WILL BE PR_N_"=o
SLICES WIZ7T BE SUZZIVIDZC

AUTOMATZC SEARCH W2 FOLLOW AFTER GRID

FACTORS OF SACETY BASED ONW GRID

IN THE FOLLOWING TABLE WARINING INDICATES 7OV

MEINY TIMES THE
MAXIMUM RADIUS 1S LIMITED BY THE EWD POI S ZF GROUND LINES

CENTER X CEXTER ¥ ND. OF CIRCLE LOWEST

COORDINATE COORDINATE TOZAL CRITIC. RADIUS F.S.
580 835 i 5 319.9¢62 2.630
580 780 14 12 263.665 2.666
580 725 1 2 255,185 2.69¢6
580 £7 0 11 2 200.748 2.78%
87 615 11 9 143,195 3.204
550 560 5 1 103.781 4.47¢
&35 €32 11 & 364.049 2.638
635 750 o 310.024 2.664
635 725 11 6 55.135 2.751
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635 €70 11 3] 200.322 2,020 0
635 e_2 2 3 145,70 .0 3,252 0
633 5€7 g 5 £2.525 3.4z 0
CED =35 5 1 320,273 2,547 0

B B 5 1 325.193 2.7 0
690 25 11 7 256.8937 2.774 0
690 200 11 8 132,427 2,724 0
640 615 11 g 138.&57 2.299 0
690 560 11 8 92.673 2,877 0
745 835 11 3 367.€23 2.77°3 0
745 780 11 3 313.750 2.571 "
7435 725 11 9 258.492 2.494 0
745 670 11 7 203.513 2.597 0
745 615 11 8 148.812 2,786 0
745 560 5 1 105.926 3.191 0
800 8353 11 4 371.899 3.054 0
guo 780 8 1 327.217 4,049 0
800 725 8 1 272.237 4.927 0
800 670 5 1 217.25¢ 6.700 0
800 61D 5 1 162.276 11.3869 0
800 560 5 1 107.285 25,283 0

AT POINT ( 745 725 ) RADIUS 258.492
THE MINIMUM FACTCR OF SAFETY IS 2.494

FACTORS OF SRIETY BASED ON SEARCH

IN THE FCLLOWING TABLE WARNING INDICATES HOW ... . TIMZS THE

MAXTMUM RADIUS IS L. . BY T=zZ ZNIZ POINTS OF GROTNZ LINES

CENTZR X CERT-ZR Y NG. OF CIRCLE LOWEST WZ3INING

COORDINATE COORDINATE TOTREL CRITIC. RADITS F.S.
745 725 11 9 258.492 2.494 0
765 725 17 4 258.28¢ 2.833 0
725 725 11 3 257.197 2.584 0
745 745 i 9 278.033 2.514 0
745 705 11 10 237.621 2.537 0
750 725 11 7 257.931 2.540 0
740 125 11 9 257,748 2.501 0
745 730 11 9 263.377 2.498 0
145 720 11 9 253,607 2,492 0
745 715 11 9 248.721 2.4990 0
745 710 11 9 243.83% 2.513 0
750 715 i1 7 248.18¢6 2.552 0
740 7i5 11 9 247,977 2.4592 0

AT PCINT ( 745 715 ) RADIUS 248 721

TEE MINIMUM FACTOR Or SADETY I35 2.490

SUMVARY OF SLICE INEFCENATZIM FOR MOST CRITICAL SLIP SURCACE
SL. SOIL SLICE SLICE WATZR SLICE TOZEL EEFEC, EZZ2S5. DRZVING
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. MO WIDTH H:= ZZHT a- (GHT SINE WEGET we JCRT RITOIORN
1 2 B... 2 2,950 Chww - IV SLlTLE-Sw SL20LE+C) JUE23E+CD
2 2 7,343 b.zZ0 0.2.. =.547 0.533E+04 ;.53Za+-C1 J.11€2<C.
3 2 15,473 10.2:20 O.... =-.501 0..20E+05 J..c.2-C03 J.31%E+L!
4 2 15.473 13.3:4: O.... —-.422 0,23JE-25 0.2ZiE+Cs C.Z37E+0"
5 2 15,473 15..2:% O.. . =.377 0.266=Z-15 0.26eZ-05 C.447E+CT
6 2 15.47: 15.6:2% 0.~ -.3.2 0.27¢68 5 0.27€z-05 C.46EZ-17
7 2 15,473 1:-.143 0.. - 220 0.2885+72 0.26€3+405 1480207
g 2 15.473 13.522 0.7 -, 120 0.237=2-.5 0.227E-05 0.423=-C"
9 2 15,473 ZT.883 0.277 =.12% C..81Z+75 0..%8.=-C3 0.32:=-07

10 2 15.473 7.258 0.242 -.0€s2 0.12° "z I..2°Z-75 0.284E~(C7
11 2 15.473 2.600 0.032 -.003 C.477=+04 2. 77 04 0.245=-C7
SUM 0.34:=-C

AT C=ZYTER ( 745.000, 715.000) WIT= RADIUS 248.721 AND SEISMIC COEFF. 0.00
FACTOR OF SAFETY BY 07777 MEZTHEOL IS 2,442
FACTOR OF SAFETY BY SIMZFLIFIED BISHOP MET=TT IS 2.480
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Slurry Impoundment No. 6
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Seismic Case
Revised 4-2-15



NGO,

NO.

CASE

NO.

N N

NO.

o N

NO.

=
W o=

W o~ oy U N O

=

B N
Z
[

MINM.

ID N

= 4]

= 458
454
= 450

474 .

474

471.

466

v n v LA
o= Sy O L
g wv OO e

OF ST2TIC AILZ SEISNICT CARSES- 1
OF NINTIRCULAR SLIP SUZZRCES= O
NO. 1 SEISMIC COZrFICIENT= .14
OF EBOUNDARY LINzES= 4
OF POINTS OM BCUNDARY LINE 1 = 4
X COCRD.= 0 Y COORD
X COORD.= 47270 ¥ COCED
X COCRD.= 750 Y COORD.=
X COORD.= 9u° Y COORD.=
OF POINTS ON BOUNDARY LINE 2 = 4
X COORD.= 83.42 Y COORD.=
X COCRD.= 395.22 Y COORD.=
¥ COORD.= 450 ¥ COORD.=
¥ COORD.= 753 ¥ COORD.=
CF POINTS ON BCUNZARY LINE 3 = 3
X COORD.= 0 Y COCAL
X COCRD.= 83.42 ¥ COORD.=
X COORD.= 382.14 Y COORD.=
OF POINTS ON BOUNDARY LINWE 4 = §
X COORD.= 0 Y COORD.=
X COCRD.= 382.114 Y COORD
X COORD.= 414.25 Y COORD
X COORD.= 439.45 Y COORD.=
X COORD.= 575.13 Y COORD.=
X COCRD.= 605.27 Y COORD.=
X COORE.= 753 Y COORD.=
A COCRD.= 900 Y COORD.=
NO. AND SLOPE OF EACH SEGMENT ARE:
+1.044 -0.013 -0.027
-0.003 -0.042 -0.013
-0.015 +0.26¢
+0.000 +0.187 +0.000
-0.022
DEPTH OF TALLEST SLICE= 0
NO. OF RADIUS CONTROL ZONES= 1
RADTUS DECREMENT FOR ZOME 1 = 0
NO. Or CIRCLES FOR ZONE 1 = 5
0. FOR FIRST CIRCLE FOR ZON=Z 1 =1
NC., OF BZTTOM LINES FOR ZONE 1 = 1

.55

9%

-0.332

+0.000

HSOLTILAERED EMBANFMENTS)
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ESE ZTHE 1 LINE 5

E i
LINE NO.= 1 BEZG. NO.=1 END NG.= 4

UNIT WzIJoHT OF WAIER
LTS NO. COHESLON FRIC. ANGLE UNIT WEIGHT
1 272 34.6 127
2 P 29.2 117
3 0 0 62.4
USE =z=ZRZATIC EU-ZRIZ
Sz GR.C
=0, CF S8LICES= 10
wZ. OF ADD. RRCZZ= 3
ANALYSIS BY SZMP_Z=C:zT BISHOP MEZTHOD (MTHDI=Z)
DUMZER OF FORCEIS (NEXC)= O
SOET SOIL ¥THZER (SSMy= 0O
NO. OF POINTS ON WATER TAELE= 6
1 ¥ Co0=C.= 0 Y COORD.= 534
2 X COCRZ.= 382.14 Y COORD.= 534
3 X COORZ.= 571.51 ¥ CCORD.= 471.8
d X COORD.= €39.¢ Y COORD.= 470
5 X COCRD.= 753 Y COORD.= 466
& X COORD.= 800 Y COCRD.= 462.82

NO. OF SOILS WITH DIFFEREMNT WATER TABLE= O
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO= 0
INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD.= 530 T COORD.= B35
POINT 2 X COORD.= 580 Y COORD.= 560
POINT 3 X COORD,= 800 Y CCORD.= 560
X INCREMENT= 20 Y INCREMENT= 20

NO. OF DIVISIONS BZTWEEN POINTS 1 AncC 2= &
NC. OF DIVISICMNS BETWEEN POINTS 2 RMNC 3= 4
ONLY F. S. AT EACH CENTER W-__ BE PRINTED
SLICES WILL BE SUBDIVIDED

AUTCMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS COF SAFETY BASED ONW CGRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MaNY TIMZS THE
MEXIMTH RADIUS IS LIMITED BY THE M2 POINTS OF GROUNLC LTNES
CENTER X CENTER Y NO. OF CIRCLE LCW=ST
COCRIINATE COQRDINATE TOTAL CRITIC. RADIUS F.S.
527 835 i1 2 364.059 1.688
580 T80 11 2 308.622 1.705
580 725 11 2 255.185 1.744
580 670 i 2 200.748 1.84¢
580 815 11 9 i43..95 2.130
580 560 5 1 103.781 2.873
€35 835 5 1 379.473 1.6865
635 780 5 1 324.478 1.7:0
€35 125 5 1 269.482 1.7187
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635 6] 5 1 212,427 1.
635 6.3 5 1 153.4352 2.
635 5€. 11 & 22.350 2.
£330 B2Z3 5 1 3zl.1z5¢0 1.
CEN e 5 1 225.133 1.
653 723 5 1 T 1.
CEN) £oC 5 1 2.5.222 1.
= €25 11 1 162.206 1.
S 5€5 5 1 tl5.2lC 1.
745 3k 5 1 3:2.323 1.
745 780 5 1 3220200 1.
745 725 5 1 ZoL.82 1.
745 T 5 1 2.5.9°.7 1.
745 €25 5 1 180,921 1
745 5¢C 5 1 155.928 1.
800 835 5 1 3g2. 37 2,207
877 780 5 1 327.21 2.2867
820 725 5 1 272.237 2.524
800 5870 5 1 2.7.2586 2.913
800 615 5 1 162,276 3.507
800 560 5 1 107.295 4.199
AT POINT ( 635 835 } RARDIUS 379.473
THE MINIMUM FACTOR OF SAFETY IS 1.665

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARMING INDICATES HCW MANY TIMES THE
MAXIMUM RACZUS IS LIMITZC BY THE END POINTS OF GRCUND LINES

CENTER X CENTER ¥ NO. OF CIRCLE LOWEST
COCORDINATE COCORDINATE TOTAL CRITIC. RADIUS F.S.
635 835 5 1 379.473 1.665
655 835 5 1 379.733 1.665
615 835 5 1 379,213 1.687
635 855 5 1 399.471 1.655
635 875 5 1 419.470 1.648
635 895 5 1 439.468 1.643
635 815 5 1 459,466 1.639
635 935 5 1 479,485 1.636
635 955 5 1 499 .463 1.634
635 975 5 1 519.4¢61 1.634
635 995 5 1 539.458% 1.635
655 975 5 1 519.721 1.605
675 975 5 1 519.981 1.€23
695 275 5 1 520.241 1.€42
675 995 5 1 539.97¢ 1.805
675 1915 5 1 55¢.97%2 1.602
675 1735 5 1 57%.976 1.£7210
675 1535 5 1 535.974 1.600
675 1375 5 1 619.9°3 1.559
675 1633 5 1 539,97 1.€75
6935 1072 5 1 62..233 1.6110
655 102 5 1 615.713 1,60
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cad 1475 5 1 620.0386 1.620
070 1075 5 1 61.9.%0¢a 1.60w
675 RV 5 1 624.972 TLZhs
075 0s3 5 1 629.972 .59z o
880 Q8s 5 1 £25.037 L.AG: 0
670 1,50 5 1 624,307 1.600 0
2T POINT ( 675 1080 ) RAEDIUS 624.972
TEZ MINIMUM FACTOZ OF SARZTY 15 1.599
SUMIARY OF SLICE INECZIZ_-0W FOR 257 CRITICZAL SLIP SU-IA
SL. S0OIL §5_ICZ 57703 WAaT= SL_CE 72CTAL iz, = CRIVING
NO. NG. WIDTH HEZGET TEET Sing WeZGeT Wa_GRC MO =T
2 2 31.3e1 17.501 17.501 -.494 0.57°.F--53 0.229E+05 0. 0.2247-C%
3 2 0.358 26.236 26.125 -,468 0.11C=-C! 0O.515E+03 0. 0.424E-06
4 2 31.752 37.451 27.371 -.443 0.13¢=-06 (0.8£332-C5 0. 0.4807+C5
5 2 13.257 50.97% 28.160 -.407 0.791E-25 0.5533+05 0. 0.281=+2¢
6 2 11.943 56,418 28.133 -.386 0.788=+05 0.578E+05 0. 0.251%4CF
7 2 33.067 59.856 27.286 ~,350 0.2322+06 0.175E-C3 0.622E+78 0.627E+08
g 2 45,009 60,065 23.498 -.288 0.31€¢5+06 0.250E+06 0.910E+028 (0.82:=+08
g 2 21.302 58.054 18.091 ~,235 0.145E+06 0.121E+06 0.448E+08 0.330E+08
10 1 23.707 55.591 13.324 -.199 0.155E+0% 0.1352+06 0.593E+08 0.319E+08
11 1 12.594 52.977 8.851 -.170 0.787E+0%5 (0.718E+05 0.319E+08 0.149E+08
12 1 30.140 54.192 10.498 -.136 0.19¢E+06 0.174E+06 0.778E+08 0.323E+7s
13 1 2.275 55.818% 12.074 ~-,110 0.151E+05 0.134E+05 0.602E~07 0.229E+07
14 1 45.009 50.134 13.606 -.072 0.269E+06 0.231E+06 0.108E- )9 0.347E+0Q8
15 1 45.009 36.824 13.721 0.000 0.200E+06 0.161E+06 0.771c-)8 0.163E+08
16 1 45.00% 20.268 10.507 0,072 0,111E+06 0.817E+05 0.433E+C3 0.454E+07
17 1 10.427 8.448 6.903 0.116 0.110E+05 0.653E+04 0.466E4+07 0.149E+06
18 1 34.583 3.291 3.291 0.152 0.145E+05 0.7358+04 0.921E+07 -.131E+08
SUM 0.7)1E+08% 0.445E+05
AT CENTER ( 675.0G0, 1080.052, WITH RACIUS 624.972 END SEISMIC COEFE. 0.14
FACTOR OF SAFETY BY NORMAL (.- OC S 1.57¢
FACTOR OF SAFETY BY SIMPFLIFIED BIS=SPE METHOD IS 1.598
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REAME {(ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EMEBANKMENTS)

COPYRIGHT,
UNIVERSITY

INPUT FILE

TITLE -Oak

OF KENTUCKY,

NAME -ogrslé

NO. OF STATIC AND SEISMIC CASES- 1

NO. OF NONCIRCULAR SLIP SURFACES= 0

CASE NO. 1

NO,

NO.

TN

NO.

PR

NO.

W N =

74
o]

W JdJh U BawWwhP

SEISMIC COEFFICIENT= .14

OF BOUNDARY LINES= 4

OF POINTS
X COORD.=
X COORD.=
X COORD.
X COORD.=

OF POINTS
X COORD.=
X COORD.=
X COORD.
X COORD.=

OF POINTS
X COORD.=
X COORD.=
X COORD.=

OF POINTS
COORD . =
COORD . =
COORD.
COORD.
COORD.
COORD .=
COOQRD .=
COORD . =

E R

LINE NO. AND

1

2
3
4

ON BOUNDARY LINE 1 = 4

0 Y COORD.=
400 Y COORD,=
750 Y COORD.=
900 Y COORD.=
ON BOUNDARY LINE 2 = 4

83.42 Y COORD.=
385.22 Y COORD.=
450 Y COORD.=
753 Y COORD.=
ON BOUNDARY LINE 3 = 3

0 Y COORD.=
83.42 Y COORD.=
382.14 Y COORD.=
ON BOUNDARY LINE 4 = 8

0 Y COORD.=
382.14 Y COORD.=
414.25 Y COORD.=
435.45 Y COORD.=
575.13 Y COORD.=
605.27 Y COORD.=
753 Y COORD.=
800 Y COORD.=

41

458,

454
450

474.

474

471,

466

476.
474 .

554

554
554
560
560
515
515
466

462.

SLOPE OF EACH SEGMENT ARE:

+1.044 -0.013 -0.027
-0.003 -0.042 -0.019
-0.015 +0.264
+0.000 +0.187 +0.000
-0.022

MIN. DEPTH OF TALLEST SLICE= O

NO., OF RADIUS CONTROL ZONES= 1

RADIUS DECREMENT FOR ZONE 1 = 0

NQO. OF CIRCLES FOR ZONE 1 = 5

ID NO. FOR FIRST CIRCLE FOR ZONE 1 = 1

NQ., OF BOTTOM LINES FOR ZONE 1 = 1

Grove Resources LLC Concord Preparation Plant

55

a9

72

26
a9

82

-0.332

CIVIL ENGINEERING SOFTWARE CENTER (MARCH 1894 VERSION)
LEXINGTON, KY 40506

+0.000

Slurry 6

-0.332



FOR ZONE 1 LINE SEQUENCE 1
LINE NO.= 1 BEG. NO.=1 END NO.= 4
UNIT WEIGHT OF WATER= 62.4

SOIL NO. COHESION FRIC. ANGLE
1 272 34.6

2 160 30.7

3 0 0

USE PHREATIC SURFACE
USE GRID

NO. OF SLICES= 10
NO. OF ADD. RADII= 3

UNIT WEIGHT

127

113.5
.4

62

ANATYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2)

NUMBER OF FORCES (NFO)= 0
SOFT SCIL NUMRER (SSN)= 0

NO. OF POINTS ON WATER TABLE= &
1 X COCRD.= 0 Y COORD.= 554
2 X COCRD.= 382.14 Y COORD.= 554
3 X COCRD.= 571.5 Y COORD.= 471.8
4 X COORD.= 639.5 Y COCRD.= 47C
5 X COORD.= 753 Y COCRD.= 466
6 X Y

COCRD.= 900

NO, OF SOILS WITH DIFFERENT WATER TARLE

NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO= O

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

POINT 1 X COORD.= 580 Y COORD.= 835
POINT 2 X COORD.= 580 Y COORD.= 560
POINT 3 X COORD.= 800 Y COORD.= 560

X INCREMENT= 20

=0

NO. CF DIVISIONS BETWEEN POINTS 1 AND 2= 5
NG. OF DIVISIONS BETWEEN POINTS 2 AND 3= 4

ONLY F. $. AT EACH CENTER WILL BE PRINT
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 CIR

COORDINATE COCRDINATE

580 835 14 2
580 780 14 2
580 725 17 2
580 670 17 2
580 615 17 9
580 560 11 4
635 835 11 1
635 780 11 1
635 725 11 6

ED

CLE

142

COORD .= 462.82

Y INCREMENT= 20

TOTAL CRITIC. RADIUS
364,
309.
255,
200.
143,

68.
379.
324.
255,

059
622
185
748
195
060
473
478
135

=

PR RPNOKNRRPR

LOWEST
.
. 608
. 627
.668
.769
.032
. 720
.629
.674
. 741

S.

WARNING

jeeleNaleNeReNolel



535 670 11 6 200.322 1.847 0
635 615 11 6 145.700 2.018 0
635 560 8 5 62.556 2.113 0
690 B35 11 7 365.440 1.656 0
690 780 11 1 325.193 1.696 0
690 725 11 7 256.937 1.729 0
690 670 11 8 192.427 1.743 0
690 615 11 8 138.867 1.681 0
6590 560 11 9 89.090 1.776 0
745 B35 11 3 367.629 1.688 0
745 780 11 3 313.750 1.631 0
745 725 11 9 258.482 1.607 0
745 670 11 7 203.513 1.670 0
745 615 11 1 160.921 1.768 0
745 560 5 1 105.926 1.902 0
800 835 11 4 371.889 1.816 0
800 780 B 1 327.217 2.102 0
800 725 5 1 272.237 2.339 0
800 670 5 1 217.256 2.712 0
800 615 5 1 162.276 3.311 0
800 560 5 1 107.285 4.112 0
AT POINT ( 745 725 ) RADIUS 258.492
THE MINIMUM FACTOR OF SAFETY IS 1.607

FACTORS QF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GRQUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
745 725 11 9 258.492 1.607 0
765 725 11 1 271.304 1.780 0
725 725 11 3 257,197 1.642 0
745 745 11 g 278.033 1.613 0]
745 705 11 10 237.621 1.634 0
750 725 11 7 257.931 1.634 0
740 725 11 9 257.748 1.609 0
745 730 11 g 263.377 1.608 0
745 720 11 9 253,607 1.607 0]
745 715 11 9 248.721 1.607 0
745 710 11 9 243.836 1.622 0
750 715 11 7 248.186 1.642 0]
740 715 11 9 247.977 1.606 0
735 715 11 9 247 .233 1.610 0
740 720 11 9 252.862 1.607 0
740 710 11 9 243.092 1.606 0]
740 705 11 9 238.206 1.606 0
745 710 11 9 243.836 1.622 0
735 710 11 9 242 .348 1.608 0]

AT POINT ( 740 710 ) RADIUS 243.092

143



THE MINIMUM FACTOR OF SAFETY IS

1,606

SUMMARY OF SLICE INFCRMATION FCR MOST CRITICAL SLIP SURFACE

SL. SCIL SLICE SLICE
NO. NG. WIDTH HEIGHT
1 2 10.420 3.772
2 2 5.063 8.163
3 2 15.483 11.057
4 2 15.483 14.166
5 2 15.483 15.915
6 2 15.483 16.424
7 2 15.483 15.783
8 2 15.483 14,057
9 2 15.483 11.282
10 2 15.483 7.519
11 2 15.483 2.753
AT CENTER ( 74C.000,

FACTOR CF SAFETY BY NORMAL METHOD IS

WATER
HEIGHT
.000
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000

OOoCOCOoOo0OO00ODCOoC O

710.000) WITH RADIUS

0.008

SLICE
SINE
.576
.544
.502
.438
.374
. 310
.247
.183
.119
.056

COOOCC OO0 00O O0

1.5

TOTAL
WEIGHT

.44 6E+04
.469E+04
.194E+05
.248E+05
.280E+05
.288E+05
.277E+05
.247E+05
.198E+05
.132E+05
.484E+04

67

FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHCD IS

144

EFFEC.

WEIGHT
.446E+04
L468E+04
.194E+05
.248E+05
.280E+05
.289E+05
.277E+05
.247E+05
.198E+05
.132E+05
.484E+04

C OO0 O0OC 0O 000 0oC

:

1.606

OO OO0 00000 CoC

RESIS.
MOMENT

.970E+06
., 751E+06
L293E+07
.368E+07
.418E+07
L441E+07
L436E+07
.403E+07
.340E+07
.248E+07
.130E+07
.325E+08

DRIVING

MOMENT

CCOC OO 000 OO0 000

.747E+06
. 751E+06
.293E+07
.33%E+07
.340E+07
.308E+07
.255E+07
.180E+07
.123E+07
.621E+086
.154E+06
.207E+08

243.082 AND SEISMIC COEFF. 0.14



REAME
(Rotational Equilibrium Analysis of Multilayered Embankments)

Oak Grove Resources, LLC,
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 1

Soil TP-10

Static Case
Action Level for Phreatic Line

145



IROTATIONAL E0UT.

SEAEY

COPYRIGHY, CivIL Elél;EERING SOFL wWARE CELT

UNIVERSITY OF KELTJOCKY,

IN e

e |

FTILE NAME -0Grs3

vl

TITLE -Cak Grove Rescources LLC Concord Prepmarztion Plant

MO, OF STATIC AND SEISMI

NO. OF NCONCIRCULAZ SLIP

CASE NO., 1

NO. OF BCUTDARY LINES= 4

THERICH Anan¥YSIS5 OF IOLVILAYERED Il

CH 1334

IR

JEaaNSTO, KY 40506

C CASES- 1

SURFRCES= O

SEIZMIC CoZrzIllzx1= 10

NG, OF POINTS ON BCOUNDARY LINE 1 = 4

1 X COCRD.= 0
X COORD.= 400

z

3 X COORD.= 750 ¥ CCORD.= 454

4 X COORD.= 900 Y COCRD.= 450
NO. OF POINTS ON BOUNIDARY LINE 2 = 4

i X COORD.= 83.42 Y COORD.= 474.

2 X COORD.= 395.22 Y COORD.= 474

3 X COORD.= 450 Y COORD.= 471

4 X COORD.= 753 Y COORD.= 266
MO, OF POINTS ON BCul ZARY LINE =3

i X COORD.= 0 Y COCRD.= 476,
2 X COORD.= 83.42 Y COORD.= 474.

3 ¥ COORD.= 382.14 Y COORD.= 554
NO., OF POINTS ON BOUNDARY LINE 4 = 8

1 X COCRD.= ( Y COORD.= 554
2 ¥ COCRD.= 382.14 Y COORD.= 554

3 K COCRD.= 414.25 T COCORD.= 560

4 X COORD.= 439.45 Y COORD.= 560

5 X COORD.= 575.13 Y COORD.= 515

6 X COORD.= 605.27 Y COORD.= 515

7 X COORD.= 753 Y COORD.= 466
8 ¥ COORD.= 800 Y CCORD.= 462.
LINE NO. AND SLOPE OF EARCH SEGM=ZINT ARE:

i +1.04¢ -30.013 -0.027

2z -0.7723 -0.242 -0.018%

3 -0.015 +0.264

4 +0.000 +0.187 +0.000

-0.022

MIN.

Y COORD.= 41
Y COORD.= 458

DEPTH OF TALLEST SLICE= ¢

NO. OF RADIUS CONTRCL ZONES= 1

RADIUS DECRELZNT FOR Z0N
MO. OF CIRCLES FOR ZONE
ID NC. FOR FIRST CIRCLE
NO. OF BOTTOM LINES FOR

= 1=20

1 =5

FOR ZONE 1 =1
ZONE 1 = 1

146

.55

9%

L2

82

-0.332

+0.000

SaNT

YERSICW

AENTS)

Slurry 6

-0.332



—

FOR ZCYZ 1 LINE SEQUENCE

LINE MN2.= 1 BEG. NO.= 1 END HO.= 4
UklT WEIGHT OF WATER= 62.4
SOLL NO. COHESTION FRIC. ANGLE UNIT
1 272 34.6 127
P 400 29,2 117
3 0 0 62.4
USE =Z2TIC SURFACE
UsE
MG, OF SLICES= 10
NC. OF ADD. ZEDII= 3
ANZLYSIS BY SIMPLIFZ=Z BISHOP MZTHOD (=THED=2}
NUMZER OF FORCEZ3 (NZ0)= 0
SOFT SOIL b~ "R (S5N)= 0
NCG. OF POINTS CON WLTEZZ TAZIZ= §
1 X COCED.= 0 Y COCRD.= 554
2 X COC=D.= 382.14 Y COORD.= 554
3 ¥ COORD.= 500 Y COCRD.= 524.3
4 ¥ COORD.= 725 ¥ COORDE.= 475
5 X CCORD.= 753 Y COORD.= 466
6 X COCRD.= 900 Y COORD.= 462.82

NC. COF SOILS WITH DIFFERENT WATER TABLE= 0O

WEIGHT

NC. OF SOILS WITH DIFFERENT PORE PRESSURE RATIC= 0

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

POINT 1 X COCRD.= 580 Y COORD.= 835
POINT 2 X COORD.= 550 Y COORD.= 560
POINT 3 ¥ COORD.= 8C0 Y COORD.= 5680

¥ INCREMENT= 20 Y INCREMENT= Z0
NO. OF DIVISIONS BETWEEM POINTS 1 AND 2= 5
NG. OF DIVISIONS BETWZZMN POIxT3 2 AND 3= 4
oLy F. 5. AT EACH CENTER WiLL BE PRINTED
SLICES WILL BE SUBDIVIDED

AUTCHETIC SEARCE WILL FOLLOW A=ZTzZR GRID

FACTC=3 OF SaZ=zTY BASZZ ON GRID

IN THE FOLLOWING TABLE "~~~ NG INDICATES =207 MANY TIMES THE
MAXIMTM RaDIUS IS LIMITZID BY THE END POI TS QF GRCUNI LINZS
CENTER X CEXNTZR Y NO. OF CIRCLE TCUEST
COORDINMATE COQEIIVATE TCTRL CRITIZ. RAICZTS F.S.
580 235 11 2 364.229 2.180
580 780 11 2z 309.622 2.119
580 725 11 Z 255.185 2.C07t
580 670 11 z2 270.748 2,07
580 615 11 2 146,311 2.275
580 560 3 1 103.781 3.15%5
635 835 5 1 379,473 1.946
635 780 5 1 324.478 1.932
635 25 5 1 269.482 1,862

147
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835 670
635 615
635 5é
e 23
= Tl
S Ti5
63C 62
£3° 615
697 580
T 835
725

670

515

560

835

877 780
Ze 725

800 670
800 615
800 560

AT POINT ( &8C 835 ) RADIUS

ThHE MINIMUOM FACTOR OF SAFETY

FACTORS OF SAFETY BASED OM SEARCH

IN THE FOLLOWING TABLE WARNMING
MAXTMUOM RAZIUS IS LIMITZO BY THE END POINTS OF GRCUND LINES

CEN_zZR X CENTER Y

CCORDINATE COORDIMATE
630 835
710 835
670 835
650 835
&70 855
670 875
690 855
650 855
675 855
680 855
675 860
675 865
6753 870
960 865
670 865

AT POINT ( 675 865 ) RANIUS

THE MINIMUM FTACTOR OF SATETY

L A I N L SN T IS R IS A IS B S

U nnn gt O 0oy an 0oL wn

1

I

s

[

e e el el

i e e i S IR e

—

1

_ =

e R STy S

=N
o
O

)
[ 2 S B N S VIRV

IR B e B I ]

By DO Lar L

INDICATES HOW

NO. OF CIRCLE
TOTAL CRITIC. RADIUS
32C.
380.
379.
379,
399.
419.
400,
399.
399,
400.
404.
409.
414 .
410.

409

405,550

148

WL O MR B b s e
LN ¢ e R R Ve IV« BRI Vo IR Ve e v
(el B AT E OV B E S Y S TR I PSR W o ) SN T

= WO w0
W oM
~ N

FL217

.237
.256
.276
. 295

188
448
928
668
926
925
186
666
981
056
891
950
8990
055

L9225

[N IE

= DN = e

[SL RN R
[ RS B e T N & I

[ TN

[o2 TN ) BELES B~ 0% BN W) B Vo)

OV O B W W RN NP NN NN DNEF = RN NN
w
o

=N

W

[

(98]
wn
L

.011
.321
775

MANY TIMES THE

LOWEST

E,
.876
.955
.857
.885
.854
.862
.BE7
. 900
.854
.854
.853
.852
.853
.B56
.857

=

e e R e R Ry S

S.

OCC O OO OO OOOOD OO0

WARNING
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O

O O <

[SF R

O OO O OO IO

SUMMAEY QF ST T TMEROPMLT D FOR MOST CRITICAL 3LIP
SL. SOIL SLICE SLICE FAlER SLICE  TOTAL EFFEC.
NG. NO. WILTE HEIGHT HEIGHT SINE we LGHT UJEIGE?
1 2 10.941 5.777 0.000 -.658 0.7432+34 1.720E+04
2 2 25.Z200 21.364 £.098 -.635% 0.63JE+35 T.363E+J5
3 2 G.320 30.831 23,202 -.305 0,1155404 J.943E+03
4 2 36.461 36.733 L7.739 -.52% J.157E+06 0.116E4006
5 2 36.461 £4.3Z5 8.796 -.440 0.192Z+06 0..26E+0%
6 2 36.461 4B.Z3Z 36.363 -.351 0.2C7E+l6 0.1242+-2%
7 2 17.764 48.6z2 39.536 -.285 J.L01E+Cc 0.5725+03
8 1 8.214 47,533 £2.325 -.254 0.422z+15 0.255E-323
9 1 10,4293 48.820 £2.610 -.231 0,e03Z+2z2 0.338=z=35
10 1 19.€37 5H2.197 40.585 -.19< 0.121Z+06 0.715Z+05
11 1 16.8C3 52.591 38,771 -.120 0.1052z+06 0.632=-05
12 1 36.461 46.8992 37.078 -.C%5 0.204E+06 0.122=Z-25
13 1 36.461 36.273 z0.556 ©.004 0.15S5E+06 0.897E+05
14 1 36.461 22.397 20.785 0.093 0.992E+2Z 0.519E+05
15 1 21.545 9.014 8.904 (0.164 0.239=-75 0..22E-05
16 1 14.916 1.824 1.824 0.208 0.345E+04 0,.76E+04
SUM
AT CENTER ( ©675.000, 865.000) 7ITH RADIUS 409,590
FACTOR OF SAFETY BY MDFNMNZI METHEGD IS 1.825
FACTCR OF SAFETY BY SIMPLIFIED BISHOP METHCD IS 1.852

149

SURFACE
RESIS.

MOMELT

L365E- 07
L135E+03
L241E-C8
L296E+03
.325E-23

.3z212-C

LLB6E-C3
L152E-07
LCz2=03
L221E-03
.296E-C3
.379E+C3
.296=2-03
L187=-7¢
BT R0
L219E-07
.28c=-79

| OO OO C OO O O

DRIVING

L EN

L9500
.156E+LS
L270E+C6
L3402+ 03
L34ZE+ZE
L2982+ 082

LizE+lz

! E

L571E+07
.965E+07
04 3E+07
LT09E+37
.2B1E+0%
.37 22+07
16T E-00
.295E+C6

0.156E+09

2ND SEISMIC COEFE. .00



REAME
(Rotational Equilibrium Analysis of Multilayered Embanknients)

Oak Grove Resources, LLC.
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 1

Soill TP-15

Static Case
Action Level for Phreatic Line

130



REAME (ROTATIO!L~L EQUILIBRIUN AMALYSIS OF FULTILAYERE
MARC

COPYRIGHAT, CIVIL ENGINEE:Z.ING SCZTannd

CEI+

TeR

UMIVERSITY OF KEUTUCKY, LEXINGTCH, KY 40206

INCZOT FILE WAMZ -OGRSL6  Revised 04-02-15

TITLE -0ak Grove Rescurcss LLC Concord Pregaration

NO. OF STAI_C AND SEIZMIC CASES- 1
NO. Or NONCIRCULAR 35._: S_..... CES= 0
CASE NMNG. 1 SEISMIC COZ:oIC_ENT= 0

NO. OF BCTXWDARY LINES= 4

NO. OF PCINT3 ON ECTMIZZY 7INZ 1 = 4
1 X COOR2.= 0 Y COORD.=
2 X COCED.= 4T3 Y CCORD.=
3 X COORD.= 75C Y COQORD.=
4 XK COORD.= 800 Y COCRD.=

NO. OF POINTS ON BOUNDARY LINE 2 = 4

41

458
454
450

474,

47¢

471.

466

476
474
554

554
554
560
560
515
515
468
462

1 X CCORD.= 83.42 Y CCORD.=
2 X COORD.= 395.22 Y CCORD.=
3 ¥ COORD.= 450 Y COORZ.=
4 X COORD.= 753 ¥ COORZ.=
NO. OF PCINTS ON BOUNDARRY LINE 3 = 3

1 X CCORD.= 0 Y CO0wZ.=
2 X COORD.= 83.42 Y COORD.=
3 X COORD.= 382.14 Y COCRD.=
NC. OF POINTS ON BOUWDARY LINE 4 = 8

1 X COQRD.= 0 Y COORD.=
2 X COORD.= 382,14 Y COCRD.=
3 X COCRD.= 414.25 Y COCRD.=
4 X COORD.= 438.45 ¥ COORD.=
5 X COORD.= 575.13 Y COORD.=
6 X COORD.= 605.27 Y COORD.=
7 X COORD.= 7533 Y COORD.=
B X COQRD.= 900 Y COORD.=
LINZ MO. AND SLOPE OF EACH SECMZNT ARE:
1 +1.044 -0.013 -0.027
2 -0.C023 -0.042 -0.01¢9
3 -0.015 +0.264

4 +0.00C +0.187 +0.000

-0.022

MIV., DEPTH OF TARLLEST SLICE= 0
NO. OF RADIUS CONTROL ZONES= 1

RADIUS DECZREMENT FOR ZONE 1 = O

NG, Or CIRCLES FOR ZOME 1 = 5

IS NO. FOR FIRST CIRCLE FOR ZONE 1 =
MO, OF BOTTOM LINES FOR ZONE 1 =1

1

.55

99

72

.26
. 8%

.82

-0.332

D E
394

nt

+0.000

pMBAM M
VERST

EnkN

NTS)

Slurry &

-0.332



FOR Z0N% TINE S=QUENCE U
LINE NO.= BEG. 1G.= 1 END NO.= 4
UUUD MEISET LT WATER= 62.4
SOIL O COHESTON FRIC. ANGLE  UNIT WEIGHT
1 340 34.6 127
2 230 30.7 113.5
3 0 0 62.4
USE BHREATIC SURFACE
USE G2ID
MO, OF S.TCES= 10
¥G. OF ARSD. RADII= 3
ANALYSIS BY SIMPLTTIED BISHOP METHOD (MTHD=2)
NUMBER OF FORCZ3 (NT0)= 0
SOFT SOTL NUM3ZR (SSN)= 0
NO. OF POINTS ON WATZR TABLE= 6
1 ¥ COC2D.= 0O Y COORD.= 554
2 ¥ COCRD.= 232.14 Y COORZ.= 554
3 X COORD.= 500 Y COORD.= 524.3
4 ¥ COORD.= 725 Y COORD.= 475
5 ¥ COORD.= 753 Y COORD.= 466
6 X COORD.= 900 Y COORD.= 462.82
NC. OF SOILS WITH DIFFERENT WATER TABLE= 0O
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO= 0
INPUT COORD, OF GRID POINIS 1,2,AND 2
POINT 1 X COORD.= 580 Y CCORD.= 835
POINT 2 X COORD.= 580 Y COORD.= 560
POINT 3 X COORD.= 800 Y COORD.= 560

X INCREMENT= 20
NO., OF DIVISICZNS BzZTw
NC. OF DIVISIZNS BETWZEN

Y INCRZMENT= 20

EN POZNT3 1 AND 2= 5
POI

2 DND 3= 4

TS

ONLY F. 5. AT EACH CENTER WILL BE Pzl Z2

SLICES W___ BE S5Uz2IVIDED

AUTCMATIC SEARRCH WILL FOLLCOW AFTER GRID

FZUTORS OF SA-zZTY BASZT ON GRID

I 722 ZOLLOWIXNG TRZ1E WARNING INDICATES HOW MANY Z-XZS5 T:=:

MAXIMTX FRDITUS IS5 LIMITED BY THE END POINTS OF GRCZ LINES

CENTER X CEXTER Y NG, OF CIRCLE LOWEST

COCRDIMNATE COQETIMNATT TOTRT ZRITICZ. RETTUS F.S.
580 835 11 2z 3££.059 2.032
580 780 11 2 309.622 1.976
580 725 11 2 255.185 1.932
580 670 11 2 200.748 1.969
580 615 11 9 143,185 2.203
580 560 Ll 9 88.897 2.971
635 835 11 9 364,949 1.787
635 780 11 9 310.024 1.780
635 TI3 11 S 255.135 1.831

152

WREFNING
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635 670 11 G 200.322 1.983
635 615 - 9 145.700 2.173
633 580 21 9 91.350 2.5°1
6320 835 5 1 380.188 Z.5435
620 780 5 1 325.1923 1.88%
624 725 5 1 270,187 1.9:2
€3l 672 11 7 202.779 l.cos
N 615 11 8 146.691 1.537
6390 560 11 3 92.673 1.82:3
745 835 11 3 367.629 2.023
145 780 -z 3 313,730 1.907
745 75z 11 9 258.492 1.:2=22
145 670 11 10 203.513 l.358z
745 6.3 11 8 148.812 2.072
742 560 17 o $3.430 2.3%¢
8-l 835 1z 4 371.899 2,656
8lz 780 z 1 327.217 3.523
223 125 8 1 272.237 4,375
527 670 5 1 2.7.25%6 6.149
827 615 5 1 162.276 10.851
507 560 5 1 107.295 29.147
AT POINT ( 635 780 ) RADIUS 310.024
TEE MINIXTY FACTOR OF SAFETY IS 1.780

FACTORS OF SAFETY BASED ONM SERRCH

IN THE z2LLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXINMOM RADIUS 15 LIMITED BY THE END POTNTS OF GROUND LINES

CEnNTZR X CENTER Y NO. OF CIRCLE LOWEST

COCORDINATE COCRDINATE TOTAL CRITIC. RADIUS F.S.
635 780 11 9 310.024 1.780
655 780 11 9 310.960 1.77%
675 180 5 1 324.998 1.856
655 800 11 9 330.878 1.764
655 820 11 9 350.808 1.7506
655 840 11 g 370.745 1.752
655 860 11 9 390.6%0 1.758
675 840 Ll 3 371.843 1.752
695 840 11 9 373.229 1.830
675 860 11 9 381.737 1.744
675 880 11 9 £12.642 1.740
675 (00 11 9 431.556 1.540
695 880 11 9 412 .904 1.774
653 8380 11 9 410.640 1.762
680 8570 11 9 411.933 1.741
670 880 11 ) 411.367 1.742
675 885 11 9 416.620 1.740
675 830 11 g 421.588 1,747
680 885 11 ) 416.97°% 1.740
670 885 11 3 416.348 1.743

AT POINT [ 675 885 ) RADIUS 416,627

THE EIMTLUUM FACTLR OF SAZETY IS 1.740

CO OO OO OO0 OO0 DO OO

WARMING

D SO0 DO OO0 OO0 0O0

oo o



REAME
(Rotational Equilibrium Analysis of Multilayered Embankments)

Oak Grove Resources, LL.C.
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. I

Soil TP-10
Seismic Case
Action Level for Phreatic Line



ZR uenTo LEE
o)
INPUT FTILE NEME -ogrslé
TIZLE -0Oak Grove Rescurces Z_.7 Concord Preparation Plant Slurry
NC. GF STATIC AND S 0 CASES- 1
MO. OF NIUZIZTTLAR SLIP SURFACES= O
CASE NO. 1 SEISMIC COEFFICIZNT= .1
MO, OF BOUNDARY LINES= 4
NO. OF POINTS ON BOUNDARY LINE 1 = 4
1 X COCRD.= O T COORD.= 41
2 X COCRD.= 400 Y COORS.= 433,55
3 X COORD.= 750 Y COQORD.= 434
4 X COORD.= 900 Y COORD.= 450
NO, OF POINIS ON BOUNDARY LINE 2 = 4
1 X COORC.= 83.42 ¥ COORD.= 474,995
2 X COORD.= 395.22 Y COCRD.= 474
3 ¥ COCRD.= 450 Y COORD.= 471.72
4 ¥ COORD.= 753 Y COCORD.= 466
NO. OF POINTS ON BCUNDARY LINE 3 = 3
1 X COORD.= O Y COORD.= 476,26
2 X COORD.= 83.42 Y COORD.= 474,99
3 X COORD.= 382.14 Y COORD.= 554
NO. COF POIYTS ON BOUNDARY LINE 4 = 8
1 ¥ COCRD.= 0 Y COORD.= 554
2 X COORD.= 382.14 Y CCORD.= 554
3 X COORD.= 414.25 Y COORD.= 560
4 ¥ COORD.= 439.45 Y COQRD.= 560
5 X COORD.= 575.13 Y COCRD.= 515
6 ¥ COORD.= 605.27 Y COORD.= 515
7 X COORD.= 7533 Y COORD.= 466
8 X COORD.= 900 Y COQORD.= 462.82
LINE NO. AND SLOPE QF EACH SEGMENT ARE:
1 +1.044 -0.013 -0.027
2 -0.003 -C.042 -0.019%
3 -0.015 +0.264
4 +0.000 +0.187 +0.000 =0 332 +0.000
-0.0z22
MIN. DEPTH OF TALLEST SLICE= 0O
NO. OF RADIUS CONYVROL ZONES= 1
RADIUS DECREMENT FCR ZONE 1 = O
NO. CF CIRCLES EFCR ZONE 1 = 5
ID MO. FOR FIRST CIRCLE FOR ZONE 1 =1
MO. CF BOTTCY LINES FOR ZONE 1 = 1

MOLT IDAYERED EloaNKHLLTS)
5 VERSION)

5

-0.332



FOQR “CE 1 LINE SEQTENCE 1
IVNE Moo= 1 BEG. NO. L

ONIT WZIGHT OF WATER= €2.4
SZIZI2 NO. CCHRESION FRIC. LU5LE WIT WEIGHT
1 272 34.6 ey
2 L00 29.2 ii7
3 0 0 62.4
05 ==Z=-27ZC &7 " IZ
USE GRID

NC. OF SLICES= 10

NO. OF ADD. RADII= 3

BNALYSIS =Y SIMEPITFIED BISHQP METHOD (MTHD=2Z)
NOUTTR QT FCRCES (NEO) = 0

SOFT SCIT NUMZER (SSN)= 0

NO. OF POINTS ON WATER TRBLE= &

1 X COORD.= 0 Y COORD.= 554

2 X COORD.= 3B82.14 Y COCRD.= 554

3 X CCORD.= 500 Y COORD.= 524.3
4 ¥ COORD,= 725 Y COORD.= 475

5 X COORD.= 753 Y COORD.= 466

& ¥ COORD.= 900 Y COORD.= 462.82

NO. OF SOILS WITH DIFFERENT WATER TAELE= O
NO. OF SOILS wi:iH CTFZeRENT PORE PRESSURE RATIO= O
INPUT COORD. OF GRID PCINYS 1,2,a0c 3

POINT 1 X COORD.= 580 Y COQORD.= B35
POIYT 2 K COORD.= 330 Y CCORD.= 5&3
POINT 3 ¥ COORD.= 500 Y COORD.= 560
X INCEL_...xT= 20 Y INCRE-ZIT= 20

NO. OF DIVISIONS BETWEEN POINTS 1 EXNZ 2= 5
NO., OF DIVISIONS BE. EEN POINTS 2 ALD 3= 4
ONLY F. 5. AT EACH C _  WILL =Z= J2INTZD
SLIZES WIIL BE SUZD-V_2=C

AUTC - SERZT VILL FOLLOW AFTER

FACTORS OF SAFETY BASED ON CRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MEYTIMOM RADTUS IS LTMITED BY THE END PQINTS OF GETUND LINES

CEWTER X CENTER Y NG. OF CIRCLE LOWEST WARMNING

COCRLCINATE COCRDINATE TOTAL CRITIC. RACIUS F.5.
83 835 11 2 36<.059 l.del 0
580 780 11 2 309.622 1.451 O
580 725 i1 2 255.185 1.452 0
380 670 11 2 200.74% 1.508 0
58¢C 515 11 2 146.31% 1.7086 0
580 560 11 9 82.85%7 2.262 0
635 835 5 1 379.473 1.382 0
635 780 5 1 324,473 1.372 0
635 725 5 i 2€9.482 1.408 0
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o

(USRS ETe B ES NN XS BN VS I 0N BN OV
S SO O L

Y Gy O Oy O O Oy Yy

o)

AT POINT ( 690

THE

670
€15
560
825

125
670
6.5
527
23z
725
670
615
560
835
780
725
670
615
580

835 ) RADIUS

MINIMUM FACTOR OF SAFETY

USRS IS I R IS I I I S I NS N I B S S IS I S s

[ S e S S S U S S

e I R

380.188

S

FACTORS OF SAFETY BASED ON SEARCH

IN T=
MAX TN M

= OLLOWING T==23
ADIUS IS LIMITED BY THE

CERZZR X
COORCTINATE

€90
710
670
650
670
670
690
650
675
565
670
670
675
665

AT POINT ( 670

SRz NI

1S
)

e —ae— e
oo oG

1.341

| [ =S =N
WLl 1LY
1 o0 Oy iy

)

AN
OO
[ AT

e
[
Lo

. 907
.912
L 917
.921
.926
.197
.217
. 237
.258
2.27%
.295

Iy ~1 O
(oY)

s b G

el ol W B

Pl i

MmO Oy oy
'

[i~%
ooun
@2 Ra=N

.563
.535
.56l
. 558
.566
L6351
.807
.050
L2717
. 620
.194
.160
.511

il W RN NN = P = e e e = s

CWIICATES HOW MANY TIHES THZ

CENTER Y MO. OF CIRCLE

COORDINATE TOTAL CRITI RADIUS
835 5 1 380.188
8§35 5 1 380.448
835 5 1 379.928
835 5 1 379.6863
855 5 1 399.92¢6
875 5 1 41%2.925
855 5 1 400.186
855 5 1 399,666
855 5 1 399,931
855 5 1 399.861
860 5 1 404 .926
865 5 1 409.925
860 3 1 404.95%91
850 5 1 404.861
860 ) RALLZUS 2= .926

LmoM FAZTOR OF SAFZTY IS 1.318
DIAEY OF SIICE IUITEMATILY FCOR MIZT

END POINTS OF GRCUNZ LINES

LOWEST
F.S5.
.341
.392
. 324
.338
. 318
.31%
.333
.338
. 320
.321
.318
. 318
. 318
.321

=

N e e g S Gy R R R

C:I7ZAL SLIF

L]

D OO OO OO D D O

CAEZNING

DO DO o oo OoOo OO

[

O



SL. SOIL SLICE
NO. MO, WIDTH
1 2 13.422

? 2 22.750

3 2 2.450

4 2 33.723

5 2 36.172

5 2 3&.172

7 2 17.015

3 1 12.8z:¢

9 1 6.560
10 1 23.587
11 1 12.583
12 i 36.172
13 1 36.172
14 1 36.172
15 1 26.620
i6 1 9.553

AT CENTER ( 070.
FACTOR OF SAFETY
FACTOR OF SArETY

SLICE
7.2:5
2.871

32..Z22
38.Z20¢
46. 25z
49. €27
49,9862
49.173
49.431
52.630
53.5%9
43,316
37.747
23,939
9.298
1,194
000,

BY NORMRT

WATER
HEIGHT
C..od
5,323
11.823
23,282
23,843
ILE37
47,425
41,372
41.551
41.447
40.542
38.004
31.507
21.771
9.162
1,194
860.000})

METHOD IS

jan e B I o B |

L640
LE24
.572
.528
L4az
.352
.286
.25¢C
L225
L1233
144
.084
.005
.095
172
.217

SLICE
SINE

AR}

~ e

WITH RADIUS

[T B s I v R s B

NS

(RS

OO oo o

TOTAL

SLELGHT

L1LlL=2+05
6052405

IR |

LBl +l4
LLEIE4TE
L2T1E+
LGZIEAH

.108==28
.303E+-05
L143E+04

1.293
BY SIMPLIFIEZD BISHOP ME_rROD IS

158

O o O

.852E-C5
.483=-75
123E+7¢
.931E+05
.55BE+05
.151E+75
LI37E+03
SUM

OO OOOOOD O OOt

|
Y
+

s
e
|
1:]
+

PO 0 (o

Toer OOy Wy o

S]
[
N MG
=l
|
o

1.318

OO OO O OO0 DL OO O O

CZ26E-TT
2547-0°2
L144E-C3
37702
T38E+CE
T2TE-TT
.12582+07
L276E+09

O

ot

(RS IN
RN SVRN (S B R VU

I & O D oW o e

27 LINE
TEE-LT
fz-07
LI
T E-0E
49 =227
167=-C
T6E=-0
152=-738
(RO
E36E-05
SIRE=T6
TO00E-T5
213E+09

404.926 RND SEISMIC COErE. 0.10



REAME
(Rotational Equilibrium Analysis of Multilayered Embankments)

Oali Grove Resources, LLC.
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 3

Soil TP-15

Seismic Case
Action Level for Phreatic Line
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REAME (RLUATIC
CCZYRIGHT, CI
UNIVERSITY OF

TITLE -Cak Gzx

MO, OF STATIC
MNO. OF MNCUHCZIE
CASE NO. 1
NO. QF BCUNTZEY
NO. OF POINTS
1 X COORD.=
2 X COORD.=
3 ¥ COORD.=
4 X COORD.=
NGC. OF POINTS
1 ¥ COCRD.=
2 X COORD.=
3 X COORD.=
4 ¥ CCORD.=
NGC. CF POINTS
1 X COCORD.=
2 X COORD.=
3 ¥ COORD.=
NO. OF POINTS
1 ¥ COORD.=
Z ¥ COCRD.=
3 X COORD.=
4 X COORD.=
5 X COORD.=
6 ¥ COORD.=
7 X COORD.=
8 X COORD.=
LINE NO. AND
1 +1
2 -0
3 -0
4 +0
-0
MIN. DEPTH OF
NC. OF RADIUS

RADIUS LECREM

NO.

OF CIRCLE

ID NO. FOR FI

MNO.

OF BOTTOM

LINES FOR ZONE 1 = 1

160

Cies EQUILIBRIUM ANALYSIS OF MULTILAY EMBAN:
Voo bBELGINEEEILG SCITUARE CEILTLRr (MARTH =1 VER
RKELDOZKEY, LEZXINGTON, KY <.506
IZME -OCGRSL6 Revised 04-02-15
ove Resources LLC Concord Preparation Plant Slu
aMb SEISMIC CASES- 1
CIOLAR SLIFP SURFACES= 0
SETISHIT COEFEFICIENT= .1
=YOLINEE= 4
ON BCTMDIRY LINE 1 = 4
0 Y COORD.= 41
400 Y COCRD.= 458.55
750 Y COCRD.= 454
900 Y COCRD.= 450
ON ROUNDARY LINE 2 = 4
83.42 Y COCRD.= 474.99
395.22 Y COORD.= 474
450 ¥ COORD.= 471.72
753 Y COORD.= 466
O BCIUWCARY LINE 3 = 3
0 Y COORD.= 476,26
83.42 Y COORD.= 474.9%
382.14 Y COORD.= 554
ON BCOUMNDARY LINEZ 4 = 8
0 Y COORD.= 554
382.1¢ Y COORD.= 554
414.25 Y COORD.= 560
439.45 Y COORD.= 560
572.13 Y COORD.= 515
605.27 Y COORD.= 515
753 Y COCRD.= 466
200 Y COCRD.= 462.82
SLOPE OF EACH SZEGMEZNT RRE:
.044 -0.0%3 -0.027
.003 -0.042 -0.019
.015 +0.264
. 000 +0.187 +0.000 -0.332 +0.000
.0z2
TALLEST SLICE=
CONTROL ZONES= 1
ENT FCR ZONWNE 1 = O
S FOR ZCHME 1 = b5
RSET CIRCLE FOR ZOMNE 1 = 1

-0.332



FOR Z2CY= 1 LINE SEQUENCE 1
LINE IT2.= 1 BEG. 0.=1 XD NO.= 4
Uil wZ2587 OF WalER= 62.4

SOIL NO. COo=E3 700 FRIC. ALSLE OMIT WEIGHET
1 345 34.86 27

Z 160 30.7 113.5

3 0 0 62.4

USE PREZ&STIC ZULEACE
OSE GRID

NO., OF SL_CzZz=1
NO. OF ADD. REDTI= 3

ANALYSIS BY SIiMPLIFIED BISHCOP MZTIZZIZ [MTHD=2}
NUMEER OF FCRCES (NEFQ)= 0

SOFT SOIL NMNTMZZR (SSM)= 0

NO. OF PCINIS ON WA -X TABLE= 6

1 X COORD.= 0 Y COORD.= 554

2 X COCRD.= 382.14 Y COCRD.= 554

3 X CCCRD.= 500 Y COCRI.= 524.3
4 X CCORD.= 725 Y COORD.= 475

5 K COORD.= 753 Y COORD.= 466

& ¥ COORD.= 900 ¥ COORD.= 4562.82

NG. OF SCILS WITH DIFFERENT WATER TABLE= O
NC. OF SOILS WITH DIFFERENT PORE PRESSURE RATIC= (
INPCT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 ¥ COCRD.= 580 Y COORD.= 835
POINT 2 X COORD.= 580 Y COORD.= 560
POINT 3 X COORD.= 800 Y COORD.= 560
X INCREMENT= 20 Y INCREMENT= 20

NO. OF CIVISIONS BETWDEN POINTS 1 AND 2= 5
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3= 4
ONLY F. S. AT EACH CENTIzR WILL BE PRINTED
SLICES %wio.L BE SUBDIVIDED

AUTOMATZC SEARCH WILL EOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW M-XY TIMES THE

MAX © RADIUS IS LIMITED BY 7= =i POINTS OF GREIZUXND LINES

CENTER X ENTZE Y NO. OF CIRCLE LCHIST FRFNING

COC=DINATE COOQOFZINZ=TE TOTAL CRITICZ. 22108 .5,
£23 835 11 2 L4015 1,328 0]
580 780 11 2 309.622 1.318 9]
580 725 11 2 255.185 1.320 0
580 670 11 2 200,748 1.374 0
580 615 11 9 143,195 1.537 0
5680 580 11 9 gz.227 2.037 A
635 835 11 9 364.5453 1.223 A
635 780 11 9 310.024 1.229 0
535 725 11 9 255.135 1.267 0



e om0 L 0D
CE ST e B G |

[N

BRI A Y
Vo> U O 1 L L ¢

T LS8 B B B Nl e ) Trent

4]
[
w7

AT BCTYT [ 635

TLT MINIMUM FACTOR OF SAFZTY IS

FACTORS CF SAFETY BASED ON

TN TZE FOLLCwWING TABLE WARNING INDICATES HOW MAMY TIVES THE
MAXIMUr RADIUS IS LIMITED BY THE

CowreR X CENTER Y
COORCINATE COORDINATE
635 835
655 835
675 835
655 855
655 815
660 835
665 835
670 835
665 840
665 845
665 850
665 §55
€65 860
665 865
565 870
665 B75
670 870
675 870
680 870
675 875
675 880
675 885

6 7L
615
560
835
780
725
670
615
560
835
780
725
670
613
580
835
780
725
670
615
560

835

=
TR

e e ]
N e

11
11
11
17
11

[S1 NS aE Ry e]

SERRCH

PO O WO WD

L

[l RS e B Vo B % B PP e o B« IR T BRI
w (]

277,
145.

91.
367

322

el

33

.89:

3111w

256.
202.
146.

92.
367.
313.
258,
203,
148.

83.
371
327
272.
217.
1€2.
107.

364.9%49

1.223

NG. OF CIRCLE

TOTAL

11
11
11
11
11

11
11
11
11
11
11
11
il
11
11
11
11
11

9

U WD MG WO WD W W0 WD W0 WD WD WD W WD WD WD WD WD WD o

364.
365.
366.
385.
345,
366.
366,
366.
371,
376,
381,
386.
391,

3%96.1¢

401.
406.
401.

401.
406.
411
416.

1e2

1w

937
179
651
673
625
72
492
513
812
430

.859
217

237
2596
276
295

END POINTS OF GROUND

CRITIC. RADIUS

948
760
872
703
g24
010
279
566
258
237
217
198
179

142
125
a0

iy
.6B8

986
665

.642

620

-

R e I N R R S e e R S el el e

[l

S N R O B N e R R e e e e = T = B B A

| I ST T N BN R S ¥
£ o S o o T NN S Oy IR 9
oy o= = Y

S N B o A T

LTYWES

LOWEST
E.
.223
.207
.208
.207
.212
L2086
L2086
.208
. 204
.203
.202
.202

5.

o~

Lell
L2070
L2270
L2006
.189
.19%
L2070
.198
.197
.187

[ T i B oo e Y e Y o e B - T o T oo i S o0 J e JY e B ol B W I - T i Y e S 0 Y )

WARNING

OO OO OO OO D00 OO OO OO0 C OO0 D



€75

£75
€S53
685
680
€50
£c0
6l
655
675

AT POINT

5L. S0IL 5.Z2C=

NO.  NO.
1 2
2 2
3 2
4 2
5 2
6 2
7 2
] 2
9 2
10 2
11 2
12 2
13 2
14 2
AT CENTES

FACTOR OF SAFETY BY NORMAL METHOD IS

1.188
FACTOR OF SAFETY BY SIUzLIFIED BISHOP zZT=0D IS

163

1.195

S 11 S 421,598 1.187
585 11 9 426.577 1,186
2NV 1l 9 431.558% 1.19¢6
855 11 G 426.859 1.19¢6
895 11 9 4277.157 L1897
900 11 9 431,836 1.19%
905 11 9 436.813 1.195
910 11 9 441,725 1.195
9153 11 9 446.7€3 1.195
9. 11 9 442,572 1.225
910 11 9 441.517 1.197
{ €25 910 ) R=IZZUS 443 730
oM Z2ITOR OF SAFETY IS 1.195
5T ¥ OF SLICZ INZZRIEATION FCR MOST CRITICAL S_C--
SLICE T SLICE  TCTAL EEFEZ.
WIDTH EZTGET ST T SINET WIZIGHT WEIGET
3.029 1.468 0.277 -.£35 0.5152+03 0.515E+03
25,277 12.069 0.000 -.573 0.345Z-05 0.345E+05
4,166 21.213 0.937 -.540 0.1CJE=0J5 0.979E+04
32.435 26.283 7.446 -.498 0.967E+05 0.817£+05
32.455 32.406 16.174 —-.425 0.119E+26 0.86€5+C5
32.455 35.323 22.491 -.351 0.130E+C% 0.8486E+05
32.455 35,327 26.148 -.278 0.130E+06 0.772E+05
1.696 34.2386 26.979 -.239 0.659E+04 0.374E+04
30.140 37.568 27.104 -.203 0.129E+06 0.775E+05
0.619% 40.375% 26.644 -.168 0.233E+04 0.181E+04
32.455 37.394 25.525 -.131 0.138E+0% 0.B881E+0S
32.455 29.70% 21.450 -.058 0.109E+06 0.659E+05
32.455% 19.8617 15.055 0.016 0.723E+05 0.418E+05
32.455 7.141 6.232 0.089 0.263E+05 0.137E+05
SUM
( 680.000, 910.000) WITH RADIUS

0
o]
0
0
0
0
0
0.
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

L237E-C7
.20CE-08
.212=2+08
.220E+08
.209E+08

103E+07

.214E+08
.499E+06
.242E+08
.194E+08
.1338+08
.594E+07
L182E+08

SO0 OO o000 00 OO0 OO

CRTVING
i3 2

L1562-06
L9cTE-C7
.278=-07
.248E-08
. 270E+08
L 2545+08
.213E+08
. 9EBE+06
.1p8E+08
.32%E+06
LI37E+CE
. 745E+07
L 261E+07
.110E+06
.153E+09

441.790 AND SEISMIC COEFF. 0.10



Analysis of Multilayered Embankments)

Oak Grove Resources, L1.C.
Concord Preparation Plant, MSHA 01-00329
Slurry Impoundment No. 6
Embankment No. 3

Soil TP-10

Static Case
Revised 04-02-15
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REAME (ROTATIOMNAL IZT0UILISZ= U0 ANALYSTS OF MTLTIZAYERED ZMTLUFLENTS)
COPYRIGHT, CIVII. ENGIMEERIMG SCT™Mamg CENTLR (MARCH 19%4 TnSTOM)
UNIVERSITY OF KEULUCKY, ZEXINGICT, KY £°:27%

INeUT FILE NAME -OGRSLED Revised 04-02-15

TiTLE -ORK GROVE RESODRCES LLC S.LJRRY 6 CROSS SECTION D-D

Loaoraih

NO. OF STATIC AND SEISMIC CRSES- 1

NO. OF NOMNCIRCULAR SLI? SURERCES= O

CASE NO. 1 SEIZZMIZ COEFFICIENT= 0

NC. OF BOUNIZZY LINES= 4
NO. O POINTS ON BOUNDARY LINZ 1 = 6
COORD.= 0O Y COORI.= 495
CCORD.= 47.58 Y COORI.= 504.45
COORD.= 132.87 Y COORD.= 527
COORD.= 180 Y COORD.= 540.94
b4
Y

COORD.= 278.26 COCRD.= 532.28
COCRD.= 304 - COORD.= 512.3

[oa RN S IS OV O
eaiie S e A

NC. OF POINTS Cit BOUMTARY LINE 2 = §

1 ¥ COORD.= 47.98 Y COORD.= 519.45

2 ¥ COORD.= 132.87 Y CCORD.= 542

3 X COORD.= 180 Y CCORD.= 555.94

4 X COORD.= 218.26 Y COORD.= 547.28

5 X COCRD.= 2852 Y CCORD.= 541.55
NO. OF POINTS CN BOUNDARY LINE 3 = 3

1 X COORD.= 212.86 Y COCRD.= 554

2 ¥ COCRD.= 252 ¥ COCRD.= 541,55

3 X COORD.= 304 Y COORD.= 527.3
NC. OF POINTS ON BOUNDARY LINE 4 = 7

1 X COORD.= 0 Y COORD.= 510

2 X COCRD.= 47.98 Y COORD.= 519.45

3 ¥ COORD.= 146.15 Y COORD.= 552.4

4 X COCRD.= 168.78 Y COORD.= 560

5 ¥ COORD.= 183.97 Y COCRD.= 560

6 X COCRD.= 212.86 Y COORD.= 554

7 X COORD.= 304 Y CCCRD.= 554

LINE NO. AND SLOPE OF EACH SECGMENT ARE:

1 +0.197 +0.266 +0.296 -0.226 -0.233

2 +0.266 +0.29¢6 -0.226 -0.170

3 -0.2318 -0.274

4 +0.15%7 +0.336 +0.336 +0.000 -0.318 +0, 000

MIdl. DEFTH OF TRLLEST SLICE= O
NO. OF REDIUS CONTROL ZONES= 1

RRDIUS DECREMENT FOR ZONZ 1 = 0
¥O. OF CIRCLES FOR ZONE . = 5

ID NO. FOR FIRST CIRCLE FOR ZONE 1 = 1
NO. CF BOTTOM LINES FOR ZONE 1 = 1



FOR ZONE 1 LINE SzoclzZnCe 1
LI 2.=1 E=ZG. NO.= 1 EXMD MNO.= 6
UMIT WZI5HT OF WATZR= 62.4
ST NO. CCzZ=Z37IX FRIC. ANGLE UMIT WEIGHT
1 34 34.6 127
2 512 29.2 117
3 0 ¢ 62.4
iz PHREATIC ST Sz
U5z GRID
NG, OF SLICES= 10
NG, OF ADD. RARZII= 3
ANEIYSIS BY SIVF_ZFIED BISHCOP METHOD (MTHD=2)
NU¥ZZR OF FCRCZS (NFO)= 0
SOFT SOIL NUMEZR (SSN)= O
NO. OF POINTS C¥ WATER TABLE= b
1 ¥ Co02Z.= 10 Y COORD.= 510
2 X COORD.= 47,98 Y COORD.= 519.45
3 X COCRD.= 146.15 Y COORD.= 552.4
4 X COCRD.= 212.8% Y CCORD.= 554
5 X COORD.= 304 Y COORD.= 554

NG. O SQILS WITH DIFFERENT WATER TABLE= O
NO. G SOILS WItH DIFFERENT PCRE PRESSURE RATIO= 0O
INPUT CCCRD. OF GRID POINTS 1,2,AND 3

BOINT 1 X COORD.= 20 Y COORD.= 685
POINT 2 X COOQORD.= 67 Y COORD.= 663
POINT 3 X COCRD.= 120 Y CCORD.= 5&0
& INCREMENT= 4 Y INCREMENT= 4
NC. OF DIVISIONS ZBzi%WzZEN POINTS 1 ANI 2= 10
NO. CF DIVISIONS BIZVWEEN POIXTS 2 AlC 3= 10

ONLY F. S. AT EACH CENTZX WI_L BE PRINTED
SLICES WILL BE SUBDIVIDED

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICEZTES HOW NM2MY TI:ZS TEE
MAXIMUM RADIUS IS LIMITED BY THE EMNT POINTS OF GROUMD LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST VEENING

COORDINATE COORDINATE TOTAL CRITIC. BARAIZIUS F.S.
20 085 5 1 176.139 2.71%6 1
24,7 682.8 5 1 174.556 Z2.458 z
25.4 680.6 5 1 173,115 2,266 Z
34.1 678.4 5 1 171.683 2.134 5
38.8 676.2 5 1 188,350 2,095 G
43.5 673.9939 5 1 155.017 Z.061 c
48,2 671.759% 5 Z +61.684 2.036 0
52.5000% 669.5999 5 n 158.352 2,008 o
57.60001 667.3999 5 1 155.0%3 1.983 0

—
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ACTORS OF SAFETY BASED ON SEARCH
IN THE FOLLCWING TAZLZ T=rlilUZ2 IIZICATES HOW bA0Y TIMES TH:
WINIMVUM FsII2JS IS LIMITED BY Z:=ZZ o FCINTE Cr GRCOUNI LIUES
CENTER ¥ ] T NO. OF CIRCLE LOWEST
ClO=ZIV=TZ CCCoRIIURTE JZ7R=5L CRITIC. F=DIUS £.S.
72.3 652.6999 5 1 17,737 1.343
76.3 652.6899 5 1 136.010 1.525
68.3 652.6599 5 1 138.064 1.953
72.3 £56.6399 ] 1 140.3903 1.842
72.3 660.6399% 5 1 144.765% 1.842
76.3 656.6998 5 1 138.276 1.952
8.3 656.6899% 5 1 141.930 1.847
73.3 656.6999 5 1 140.6486 1.943
71.3 656.6989 5 1 141.160 1.942
70.3 656.6959 5 1 141.416 1.942
71.3 657.6998% 5 1 142.126 1.842
71.3 658.€6999 5 1 143,083 1.941
71.3 6539.6999 5 1 144.059 1.841
71.3 660.6999 5 1 145.026 1.841
72.3 655.6999 5 1 143.802 1.842
70.3 653.63959 5 1 144,316 1.541
AT POINT { 71.3 659.6899 ) RADIUS 144.059
THE MINIMUM FACTOR OF SAFETY IS 1.941
Seenun ¥ OF SLICE INFCRMATION FOR MOST CRZLICARL SLIP
SL. SOIL S.ICHE SLICZ WATEIR SLICE TCTAL EFFEC.
NO. NO. WIDTE HEIGHET HEIGHT SINE WEIGHT WEIGHT
1 1 5.034 0.978 0.978 -.179 0.625E-03 0.318E+03 0O
2 1 8.200 3.898 3.898 -.133 0.425=Z+04 0.204E+04 0
3 1 13.234 8.531 8.531 -.059 0.242E-05 0.716E+04 0
4 1 13.234 13.147 13.147 0.033 0.228E-05 0.2102+05 0
5 1 13.234 16.542 16.542 0.125 0.274=Z+05 0.138=-23 0
& 1 13.234 18.689 18.689 0.217 0.30%=+05 0.2552-25 0
7 1 13.234 19.52% 19.526 0.308 0.322E+05 0.161E~23 0
8 1 12.234 18.949% 15.846 0.400 0.311E+05 0.154E+33 0
9 1 10.5€66 17.076 17.07¢ 0.483 0.223E+05 0.110E+35 O
10 1 2.668 15.414 14.599 0.529% 0.505E+04 0.255E+24 7T
t1 1 13.234 12.75¢ 9.860 0.584 0.2053E+05 0.124E+05 O
12 1 5.071 8.667 2.917 0.648 0.5222Z+04 0.429E+C4 0
13 2 1.657 6.847 0.048 0.671 0.133E+7% 0.1328+04 ©
14 2 6.505 3.285 C.C77 0.699 0.250E+04 0.25C=+04 0O
SUM 0
AT CENTER { 71.300, £59.7°" WITH RADIUS
FACTOR OF SAFETY BY NORMAL Mt "HOD IS 1,866
FACTOR CF SAFETY BY SIMPLIFIELD BISHCP METHCD IS 1.941

169
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SURFACE
RESIS.
MOMENT

.2B82E+06
.606Z+06
L 136E+07
L 174E+07
L201E+07
L21T7E+07
L220E407
.211=-27
L1BS5E+07
. 369E+06
.180E+07
.651E+06
L240E+06
L7997+06
L1765+77

144,059 AND SEISMIC COEE

OO Q0D OO OOO I |

S

DRIVING
MOMENT
.161E+05

. 7T8E+05
.121E+06

.1035+086
.493E+086
L.964E+06
.143E+07
. 179E+07
.155E+C7
.385E+06
.173E+07
LAETE+H0S
.128E+06
.252E+06
L910E2-07

. 0.00
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Slurry Impoundment No. 6
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_nFU0 FILE Y2XZ -ogrsléed  Revised 04-02-15
TITLE -CARK G-Iz ZI3CUZCTES LLC S.U.72Y & CROSS SuCtiily
NO. OF STATZC RNIOEEIZNCT CASES- L
NO. OfF ZIICIRCULAR SLIP SURDACZZ= 0
CASE NO. 1 SEISMIC COEFFICIENT= O
NG. OF BOUNT SR OITNES=
NO. OF POINTS OW BCTNTRRY LINE 1 = 6
1 X COORD.= 0 Y COCORD.= 4985
2 X COORD.= 47.¢8 Y COORD.= 504.45
3 X COORD.= 132.87 Y COORD.= 527
4 X COORD.= 180 Y COORD.= 540,854
5 ¥ COORD.= 218.26 Y COORD.= S532.28
& X COORD.= 304 Y COCRD.= 512.3
NO. OF POINTS ON BOUNDARY LINE 2 = 5
1 X COORDG.= 47.98 Y COORD.= 515.45
2 X COORD.= 132.87 Y COQORD.= 542
3 X COORD.= 180 ¥ COORD.= 535.94
4 X COORD.= 218.26 Y COORD.= 547.28
S ¥ COORD.= 252 ¥ COORD.= 541,55
NO. OF POINTS ON BOUNDARY LINE 3 = 3
1 X COCRD.= 212.86 Y COOQORD.= 554
2 KX COQRL.= 252 Y COORD.= 54£3.55
3 K COORD.= 204 Y COORD.= 527.3
NO. OF POINTS CN BOUNZARY LINE 4 = 7
1 X COORD.= 0 Y COORD.= 510
2 X COORD.= 47.98 Y COORD.= 519.45
3 X COORD.= 146.15 Y COORD.= 552,4
4 X COOED.= 168.78 Y COORD.= 560
5 X COORD.= 193.97 Y COORD.= 560
6 X COORD.= 212.86 Y COCRD.= 554
7 X COQORD.= 204 ¥ COORD.= 554
LINE NO. AND SLOPE OF ERCH SEGMENT ARE:
1 +0.197 +0.266 +0.29%6 -0.226
2z +0.266 +0.29¢ -0.22¢ -0.170
3 -0.318 -0.274
4 +0.187 +0.336 +0.336 +0 .00
MIN. DEPTH OF TALLEST SLICE= 0
MO. OF RRDIUS CONTROL ZONES= 1
RADIUS DECREMENT FOR ZONWNE 1 = 0
1o, O CIRCLES FOR ZONE 1 = 5
ID NO. FOR FIRST CIRCLE FOR ZONE 1 =
NO. OF BOTTCM LIMNEZS FOR ZONE 1 = 1

171

FOGULTILAYERED clios

ROUAL
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-0.318

NENTS)

+0. 007



FOR ZONE 1 LIUE BELULICE L

LIXs 0= 1 ZIG. WO.= 1 ZnTonl.=
UUIT OWEILET OF WATZR= 62,4

SOIL MNO COHESION FRIC. AN
z 357 34.6
2 27z 30
3 0 0

USE PERZATIC SURFACE

USE GEID

NO. OF ELICES= 10

NO. OF ADD. RADIZI= 3

ANEIVYESIS BY SIMPLIFIED BISHOP MEZTHOD
NUMBER OF FORCES (NEFC)= O

SCFT SOIL NUMBER (SSM)= 0

NO. OF POINTS ON WATER TABLE= 5
1 X CCORD.= 0 Y COORD.
2 X COORD.= 47.98 Y COORD.
3 X CCORD.= 146.15 ¥ COORD.
4 X COORD.= 212.86 Y COORD.
5 ¥ COCRD.= 304 ¥ COORD.

NO. CF S0OILS WiTH DITFERZNY

MO. OF SOILS wWitd ocirfaREN
INPUT COORD. OF GRID POINT

POINT 1 X COCRD.= 20
POINT 2 X COCRD.= ©7
POINT 3 ¥ COCz=Z.= 120

X INCRZMENT= 4

S

(S

CLE UHIT WEIGHT

= 510
519.4
552.4
= 554
= 5534

WATER TRABLE= 0
PORE PRESSURE RATIO= 0

NO. OF DIVISIONS BETWEENW PCINTS 1 AY
MO, OF DIVISTICMNS EETWEZN POZNTS 2 AX
CNLY F. 5. AT EACE CE!@ =R WILL BE PR

SLICES WIZ. BE SUZSDIVIZID

1,2,AND 3

COCRD.= €85

COCORD.= €63

COCRD.= 560

Y INCRZMENT= 4
2 2= 10
o 3= 10
INTED

AFTER GRID

o ZOMATIC SEARCH WILL FOLLOW

FACTCRS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING

MAXIMUM RADIUS IS LIMITED BY THE =NT

CENTER X CENTER Y

COORDINATE COORDINATE
20 685
24.7 €82.8
29,4 680.6
34.1 678.4
38.8 676.2
43,5 £73.9999
48.2 671.73535
52.9C.01 669.5329
57.¢c000°0 667.3959

TOTAL

5 1
5 1
5 1
5 -
5 1
5 z
5 =
5 1
5 1

NO. OF CIRCLE
CRITIC. RADIUS

17¢%.
174
213,
171.
ls3
65,
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155. .

172

5
2

139

.556

115
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FACTORE OF SACETY

BASED ON 5Z~7CH

S MELY TIMES THE
S OF GEITUD LIVES
_CUWEST
ZZ703 F.S5.
337 1.897
.010 1.908
.064 1.901
.903 1.899
LT 1.896
L3025 1.900
.144 1.905
.158 1.306
.914 1,897
.428 1.898
.138 1.896
.104 1.89%
.881 1.897
.394 1.897
138
)

IN 722 FCLLIWING TABLE TEALUING INCZLCAIES E
MERNINTY TRIZUS IS LINITED BY THZZ ZXNI POINT
CE __ X CEMZZR Y MO, OF CLEC_Z
e = - CeoC=Zl . = TOZ2- CzIZ..C., F=
2.3 652.69299 5 1 137
76.3 652.695% 5 1 136
68.3 652.65998 5 1 138
72.3 656.6999 5 1 140
72.3 648.,6959S 5 1 133
72.3 644.6999 5 1 129
76.3 £48.6999 5 1 132
68.3 648.6599 5 1 134
73.3 648.6995 5 1 132
11.3 648.6999 5 1 133
72.3 649.6999 5 1 134
72.3 650.6999 5 1 135
73.3 €49,6999 5 1 133
71.3 649.6599 5 1 134
AT POINT ( 72.3 64%.6999 ) RRDIUS 134,
THE MINIMUM FACTOR OF SAFETY IS 1.89

SL.
NO .

[ e I R O B S B

[ e
) NP O W

NG.

—

A R e e e e e B S i

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL
SOIL SLICE

WIDTH

4,
.639
12.
12.
12.
12.
12.
12,
12.

0.
12.

3.

5.

3.

8

AT CEMTER (

FRCTOR OF
FACTOR OF

184

824
824
8z4
824
824
824
588
236
8§24
850
720
254

12.

SLICE
HEIGHT

0

12
8

= n

. 850
3.
8.

13.

16.

18.

19.

18.

16.

14.
.231

. 238

.403

LT

838
619
197
544
635
403
734

471

640

300,
SAFETY BY NORMAL
SAFETY BY SIMPLIFIED BISHOPR

WATER SLICE TOTAL
HoZGhET SINE WEIGHT
<.350 ~-.,197 0.452E+03
3.838 -.14% 0.418E+04
8.619 -.068 0.13%E+05
13.187 0,027 0.212E+05
16.544 0.122 0.265E+05
18.635 0.218 0.297E+05
12.403 0.313 0.308E+05
18.734 0.409 0.296E+05
16.472 0.504 0.253Z-35
14.603 0.551 0.418=Z+03
10.158 0.600 0.188z-05
3.565 0.662 0.366Z+74
0.000 0.698 0,351-~T:
0.C¢00  0.731 0.656E+03
45,7707 UWITE RADITUS
MITHOD IS 1.913
METHOD IS

DO OO OO ODOOo 0

EFFEC.
WEIGHT

.230E+03
.211E+04
.656E+04
.106E+05
.132E+05
. _48E405
J153E-753
.146E-05
L1232+05
.203E-23
08405
L2ETZ-04
L.351E-04
.BHEE+03

SUM

1

]

134.132 AND

.896

[ e e NeNeNeNoNo ool oo No Nl

SLIP SURFACE

RESTS.

MOMENT
.215E+06
.591E+06
. 123E4+07
L, 1572+07
.183E+4Q7
.186E+07
.187E+07

.2B6E+CS
L152E+C7
L429E-C6
LA14E+C A
.164E+248
1548408

S o OO
'
2
)
|
+
(&)
~J

YT O OO

O OO0

OO oo o OO |

S o o0

DRIVING
MOMERT?

.118E-05
.835E+05
.12BE+06
L752E+05
L433E-C6
.867E4+06
.129E+07
162207
L171=Z+07
.37.5E~-05
L5207
.325E+36
.328E+06
. 644E+05
.803E+07

SEISMIC CCEFF. 0.00
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REAME
CLPYRIGHT,

Lo vERSITY CGf KEWTOZHRY,

INegT FILE b
TITLE

NO. CF 5T=TC
NO

-

(ROL-TZ DAL BEQ7
ST ENG  REERTNG SCFTWARE
LEXTNGT

TIBRiIT

N
t‘i\-..L

Ou,

AME -ogrsléd Revised 04-

YsIS OF MUTTILﬂVED““

A 20
oSt

0

CENTER
XY 40506

2-15

-0QAK G-I Z RESOQURCES LLC SLURRY 6

495

504.

527

540.
532.
512.

519.

542

555.
.28
.55

547
541

554

541.
527.

510

51¢%.4

94

552.4

560
560
554
554

CRSE NO. 1 SEISMIC COEFFICIENT= .1
NO. OF BOUNDARY ILI¥NZ3= 4
NO. OF POINTS ON ZCTUNIARY LINZ 1 = 6
1 X COCRD.= 0 Y COORS.=
2 X COORD.= 47.98 Y COORZ.=
3 X COORD.= 132.87 ¥ COO=I . =
4 ¥ COORD.= 180 Y COOZRI.=
5 X COORD.= 218.26 Y COCORZ.=
6 ¥ COORD.= 304 Y COORD.=
NO. OF POINTS Oil BOUNDARY LINE 2 = 5
1 X COORD.= 47.98 Y COORD.=
2 ¥ COORD.= 13Z.87 Y COORD.=
3 X COORD.= 180 Y COQORD.=
4 KX COORD.= 218.26 Y CCORD.=
5 X COCORD.= 252 Y COORD.=
NO, OF POINTS ON BOUNDARY LINE 3 = 3
1 X COORD.= 212.86 Y COORD.=
2 X COORD.= 252 Y COORD.=
3 K COORD.= 304 Y COORD.=
NC. OF POINTS ON BOUNDARY LINE 4 = 7
1 X COCCORD.= 0 ¥ COOQORD.=
2 X COCRD.= 47.98 ¥ COCZD.=
3 K COCrd.= 145,15 Y COORD.=
4 X COORD.= 168.78 Y COORD.=
5 X COORD.= 183,97 Y COORD. =
6 X COORD.= 212.856 Y COORD.=
7 X COORD.= 304 Y COORD.=
LINE NO. AND SLOPE OF EACH SEGMENT ARE:
1 +0.187 +0.266 +0.296
2 +0.26% +0.29% -0.226
3 -C.318 -0.274
4 +0.197 +0.33%¢ +0.336
MIN, [CT2TH OF TALLEST SLICE= 0
NG. OF RADIUS CONTROL ZONES= 1
BADIUS IDECREMENT FOR ZONE 1 = 0
NO. O CIRCLES FOR ZCOWE 1 = 5
ID NO. FOR FIRST CIRCLE FOR ZONE =1
NO. CF BOTTOM LIMES FOR ZOME 1 =

177

-0.

CROSS SECTION

226

-0.170

+0.

~ e

B

-
NaY
s VB

O

R

-0.233

-0.318

NET
ST

\mS)

+0.00

P



FOR 22772 1 LlTZ S o=l 1

LIz o= 1 E=Z5. I'2.=1 ZND NO.= b6

TNID UEIGHT OF WERETIR= 6204

SCTL MNO. COHESION FRIC. =~U:=1= T WZIGHT
1 272 34.86 oz7

2 £77 29.2 117

3 0 0 62.4

USE PHREZTIC STUFFACE

USE GRID

NG. OF SLICES= 10

NCG. OF ADD. RADRII= 3

ANALYSIS BY SIMPLIFIED BISHOF METHOD (MTHD=2)
NuMBER OF FORCES (NFQO}= G

SCFT SOIL YUMBER (SSM}= 0

MO. OF POINTS OM WATER TABLE= 5

1 X COORD.= 0 ¥ COCRD.= 510

2 X COCRD.= 47.68 Y COORD.= 515.45
3 X COORD.= 146.15 Y COORD.= 552.4
4 ¥ COORD.= 212.86 Y COORD.= 554

5 ¥ COCRD.= 304 Y COORD.= 554

NO. OF SOILS WITH DIFFERENT WATER TA Z= 0
NO. OF SCILS WITH DIFFERENT PORE FRLSZ...E RATIO= 0
INPUT COCRD. OF GRID POINTS 1,2,AND 3

POINT 1 X COQORD.= 20 Y COORD.= 685
POINT 2 X CCORD.= &7 Y COCORD.= 663
POINT 3 X COCRD.= 120 Y CCORZ.= 560

X INCREMENT= 4 Y INCRZVZNT= 4
NO. OF DIVISIONS BETWEEN POINTS 1 AXNT 2= 10

MO. OF DIVISIONS BETWEEN POINTS 2 AKD 3= 2
ONLY F. 5. AT EAC:E CENTER WI_L BE PRINTED
SLICES WILZ BE S5CEIZIVIDED

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TAZLE WARNING INDICATES HCOW MANY TIMES THE

MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTZR X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COCROINATE TOTAL CRITIC. RADIUS B.S.
20 €55 5 1 176.139 1.743 1
24.7 632.8 5 1 174.556 1.585 1
29.4 680.6 3 1 173.175 1.486 1
34.1 678 .4 5 1 171.683 1.412 0
38.8 676.2 5 1 168.350 1.392 0
43.5 ©673.99599 5 1 163.017 1.375 2
48.2 671.7859 5 i 161.684 1.363 0
52.907.% 669.5999 5 1 158.351 1.349 0
57.627°C 667.3939 5 1 155,023 1.33¢ 0
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62.
67 .

|

PN

30

34.
39.
44,
47,
53.
58.
62.
67.
72.
30.

=y

.

40

44,
49.
54,
58.
63,
68.
72.
77.
35.
40.
45,

50

54.
59.
64.
68.
73.
8.
.89589
41,
45,
50.
55.

82

60

64 .
69.
74.
78.
83.
88,
46,
51.
55.
60 .
65.
69.
74,
79.
84.
88.
93.
51.
56.
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493599
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672.

668 .
665.

683,
6el.

€59.

657.
654,
652,

664 .

662,
660

657.

655 .
653,
651.
648.
646
644
642
654,

651.

649,
647.
645,
643,
640.
638.
636.
634
632
643,
641.
639.
637.
635

632.
630,
628.
626.
6232,
621,
633.
631.
629.
626.
624,
622.
620.
£18.
515.
613.
611.
623
621.
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149

147
144
141
137
134

131.
. 738
124,
121.
.739

127

117

114,
136.
133.
129,
126.
.088
L7155

123
118

116.
113.
109,
106.
1C3.
125.
121.
118.
115.
111.
1ce,
15,
101.

98.
L8
LTS

85
51

173,

133,

179

-~ MO Wy

Code Ly U QD
oy M o W0

%)
(o)
=

L3700
. 037
.403
=.718
152.
052
145, 7
142.
139.
135.
132.
129,
125.
L7135
.402
.070
L137
.404

385

~9
26
053
720
387
055

122

071

405
072

406
420
087
754
421

422
Q30
757
424
091
105
172
439
06
773
440

e

774
441

785
456

[ e I T e B R e e e e
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N

e e e By e e Lt

T e I e e e

N Y]
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.325
. 317
L6059
L497
L4273
.382
L3696
.355
L343
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= L 02
[V I SN

. 347
. 340
. 331
.325
L3283
.451
.426
.403
.383
. 360
. 351
. 344
. 338
L334
.338
. 343
L4443
.418
.3%95
L3779
.360
.349
.343
. 344
. 350
.360
L3372
. 435
L4171
L3391
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L3681
.351
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.403
.430
.409
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61.2 518.8
£5.89399 616.6
70.55329 614.4
75.259¢3 612.2
79.9953¢ @l0
24.69998 607.8
§9.39998 £35.%6
94.059%°2 €03.4
$8.75597 €11.2
57.099%89 612.9001
61.8 610.70C1
66.42939 608.5001
71.19959 606.3
75.8999% 604.1
80.59998 6C1.8
85.29998 598.7
89.95958 597.5
54.69987 595.3
99.35997 593.1
104.1 590.9
62.399399 c02.6002
67.09898% 60C.40C%
71.73959 598.2C001
76.49998 596,000
81.19998 593.8
85.89998 581.86
0.59998 589.4
95.293%97 587.2
99.99997 585
104.7 582.8
109.4 580.6
67.7 562.3001
72.39989 590.1 .._
77.09999 587.9 ..
81.7%98% 585.70CC
86.49998 583.5C20
91.19%98 581.3
95.89998 579.1
130.6 576.9
105.3 574.7
110 572.5
114.7 570.3

73 582.7771
77.7 579.8771
82.39999 577.682°71
87.08999 575.4771
51.79999 573.20C1
56.45598 571.0001
101.2 568.8
105.9 566.6
110.6 564 .4
115.3 562.2
120 560

AT POINT { 67.0J001 682.9
TEED MINIMUM FACTOR OF SAFE

GCLrono o pnoynonnnohnononon oo ogronohndhnan ki TN U ;UL L L N L L Lt i

=

e e e e e ey E

[

[ e B o T S B e e S e T e T e T Sy S R i Sy A R o Uy B

RADTIUS

107.°

I3,

10z2.4

9g.
95.

92.4
89.1

B5.
82.
79.
15.
2.
65.
81.
87.
B4 .
81.
77.
14,
71.
57.
64.
6l.

=4
-~

79.
716.
3.
69.
66.
63,
58.
56.
53.
49.
46.
68 .
65.
61.
58.
55,
51.
48.
45.
41.
38.
35,

1,317
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L3986
.384
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L4500
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.500
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.421
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.481
.513
.548
.584
L4449
.441
-450
. 465
L4883
. 505
.5H32
.565
. 608
.663
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.481
L4587
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.543
.573
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L7089
L7182
.873
L9953
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D ol
BT e DD OE

SACETY BASED OM

IN THE FOLLCW .
HEMIMUM RRIZIUS

AT POINT ¢

THE MIiIvioM FACTOR OF

CEN
COo

65.00001

SEARCH

3 TAZLE ARNIUG ZNIIZCATES HCW LENY TIMES TRE
IS LIXMITZEZ BY TEE END POINTS OF GRCULI LIULS
TER Y NC. OF CIRCLE LOWEST
RDINATE TCOTAL CRITIC. RADIUS F.S.
6£2.9959 5 1 148,353 1.317
662.5553 5 1 T.7.326 1,377
662.9959 5 1 146.2993 1,324
666.599% 5 1 151.192 1.318
658.9999 5 1 143.4560 1.317
662.9999 5 1 147,0€3 1.318
662.9989 5 1 147,582 1.316
662.9999 5 1 147.839 1.3186
662.9999 5 1 148.09¢6 1.316
663.99%99 5 1 148,806 1.316
664,9999 5 1 149,772 1.316
665.9939 5 1 150.738 1.316
664.9999 3 1 149.515 1.316
664,9993 5 1 150.029 1.316
664,9%99 ) RADIUS 149.772
SAFETY IS 1,316

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL SLIP
SL. SOIL SLICE
NG. NO. WIDTH

11
2 1
31 13.
4 1 13.
5 1 13.
6 1 13.
7 1 13.
8 1 13,
9 1 10.
10 1
i1 1 13.
121
13 2
14 2

AT CENTER (

7.
6.

2.

5.
1.
7.

SLICE

HEIGHT
511 1.419
02z 4.146
533 8.288
533 12.963
533 16.410
533 18.602
533 19.477
533 18.6928
948 17.070
585 15.421
533 12.&gI7
348 8.713
163 7.0186
022 3.45¢

69.077,

WATER SLICE TOTAL

HEIGHT SINE WZZGHT
1,419 -.165 0.135E+04
4.146¢ -.120 0.316E+04
8.288 -.055 0.142E+05
12.963 0.035 0.2202-05
16.410 0.126 0.278z-05
18.602 0.216 0.3L5E+05
19.477 0.306 0.328z=05
18.928 0.397 0.318E-05
17.070 0.479 G.232Z+05
15.018 0.524 0.489E-04
9.€32 T.578 0.2.°=+05
2.858 0.641 0.554E+04
0.140 0.662 0.855E+03
0.000 0.6%0 0.284=2404

665.000) WITH RADIUS

FACTOR OF SAFETY BY YORM2L METHGCD IS

FACTOR OF SAFETY BY SIMPLIFIED BISHOP

1.331

181

METHOD IS

OO OO OoOOCOOOOOO

EFTEC.
WEIGHT

.BB89E+03
. 60E+04
LPI2E+04
L212=+05
. 2407405
._58BE+(05
.164E-T3
L1522-75
2142405
. 247E404
L127E-C5
.4585+04
.945E+03

.284E+04

ST

1

149,772 RVIT

.31¢

SE

0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0

OO OO0 OO o000 OO0O0O0D

SURFACE
RESIS.
MOM=Z N T

.383E+0%6

L415E5+06

L130B+07

L168E+07

.195E+07

.208E+07

.209E+07

197E+07

. 243E+07

.372Z+76

L162E+CT

. 611E+086

.147E+06

.737E+06

L167E+08

OO O C OO0 OO0 Ol

TZVTC COETE.

DRIVING
MCWENT

.1362+05
.106z+05
.892E+05
.432E4+06
.815E+06
.145E+07
.194E+07
.230E+07
L194E+07
.443E+06
L207E+07
.582E+06
.105E+06
.324E+06
.126E+08

0.10
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42306

6

433

504.

527

540.
532.
512.

= 519.

542

555.

547

541.

554

541.
527.

510

51%5.
552.

560
560
554
554

REAME .o -
COPTRIGIC, CIVIL ZLsInNZZXIhG 2770
CLIUZESITY OF KENTUZIY, LEXINGTII, KY
LNEUC OFILD UEMD -CEmILeD 04-02-15
TZ”Z= -0AK ZZIVZ RESTT=ZES LLC SZTFRY
NO. OF STETIC AND SEISMIC TRIZ3- 1
MO, OF MNINZIIETULRER 51.I2 SURFACES= 0
CASE NO. 1 SEISMIC COEFFICIENT= .1
NO. OF BCTMNDARY LINES= 4
NO. OF POINTS ON BOIMTARY LINZ 1 = 6
1 X CCGCRD.= 0 Y COORD.=
2 X COORD.= 47.938 Y COORD.=
3 ¥ COORD.= 132.87 Y CCORD.=
4 ¥ COORD.= 180 ¥ COORD.=
5 X COORD.= 218B.26 Y COCRD.=
6 X COCRD.= 304 Y COORD.=
NO. OF POINTS ON BOQURDARY LINE 2 = 5
1 X COORD.= 47.98 Y CCCRD
2 X COORD.= 132.87 ¥ COORD.=
3 ¥ COORD.= 180 Y COORD.=
4 X COORD.= 218.2¢ Y COORD
5 X COCRD.= 252 Y COORD.=
NGQ. OF POINTS ON BOUNDARY LINZ 3 = 3
1 X COORD.= 212.8¢6 Y COORD.=
2 X CCORD.= 252 Y COOXD, =
3 X COORD.= 304 Y COORD.=
NO. OF PCINTS ON BOUNDARY LINE 4 = 7
1 X COORD.= 0 Y CCORD.=
2 X COORD.= 47.58 Y COORD.=
3 X CCORD.= 146.15 Y COORD.=
4 K COORD.= 168.78 T COORD.=
5 X COCRD,= 193.97 Y COORD.=
& X COCRD.= 212.86 ¥ COORD.=
7 X COORD.= 304 Y COORD.=
LINE NG. AND SLOPE OF EACH SEGMENT &RE:
1 +0.197 +0.266 +0.286
2 +0.266 +0.296 ~0.226
3 -0.318 -0.274
4 +0.197 +0.336 +0.33%
MIN. DEPTH OF TALLEST SLICE= 0
NC. OF RADIUS CONTROL ZONES= 1
E&DIUS DECREMENT FOR ZONE 1 = O
NO. OF CIRCLES ZJR ZONE 1 = 5
ID NO. FOR FIRST CIRCLE FOR ZONE 1 =1
NO. OF BOTTOM LINES FOR ZOMNE 1 = 1

183

~ T

CROSS SECTION D-D

45

94

94
.28
55

45

-0.226
-0.170

+0.020

-0.233

~3.318

+30,007



FOR ZONE 1 LINE SEQUENCE 1

_IUE NC.= 1 ZZZ. HQ.=1 EHD NO.= 6

UNIT WZIS5HT OF WATER= 62.4

SOIL NO. COHESION FRIC. =I5LE ClT7T WIS IERT
1 272 34.6 127
2 160 30.7 113.5

3 G 0 62.4

USE THERES

USE ZRID

MZ. OF STICES= 10

NC. OF ADD., RADII= 3

ANALYSIS BY SIMPLIFIED BISEC= METHCD [MTHD=2)
NUMBER OF FORCES (MNZO)= O

SOFT SOIL MUMBER (SSi)= 0

5

COORD.= 510
COORD.= 519.45
COORD.= 552.4
COORD.= 554
COORD.= 554

NO., OF POINTS ON WATER TARBLE
COORD.= O

COORD.= 47.58

COORD.= 14€.15

COORD.= 212.8%

COORD.= 304

Uk L N

e ]

i T T |
i

NC. OF SOILS WITH DIFFERENT WATER TABLE= O
NO. OF SOILS WITH DIFFERENT PORE PREISSURE RATIO= O
INZUT COORD. OF CGRID POINTS 1,2,AND 3

POINT 1 ¥ COORD.= 20 Y CCORD.= 685
POINT 2 X COQRD.= &7 ¥ COCRD.= 663
PCINT 3 X COCORD.= 120 ¥ COCRD,= 5&0

X INCREMENT= 4 ¥ INCRZVENT= 4
NO. OF 2IVISIONS BzZTWZzZ¥ POINTS 1 ANZ 2= 10
NO. OF DIVISIONS BETZWEEN POINTS 2 AND 3= 10
ONLY F., S. AT EACH C=ZNTZR WILL BE PRINTED

SLICES WILL BE SUBDIVIDED
AUTCMATIC SEBRRCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN (¢dE FOLLOWING TARLE WARNIMNG INDICATES HOW MANY TIMES THE
MAXIMUr RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y MO. OfF CIRCLE LOWEST

COORCINATEZ  COCRD_MATE TC1AaL CRITIC. RalIUS F.S.
20 685 5 1 176.139 1.67¢
24.7 682.8 5 1 174,556 1.538
29.4 680.6 5 1 173.115 1.441
34.1 €£78.4 5 1 171.653 1.37¢
38.8 676.2 5 1 43,350 1.357
43.5 673.9959% 5 1 ~65.017 1.340
48.2 671.7223 5 1 161.624 1.3239
52.8.0.2 669.593% 5 1 158,352 1.315
57.6.0.10 667.3939 5 1 155.018 1.3C2

WARNING

OO D D = =

(&

o
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FACTORS OF SAZZTY ZAZED U

IN ThE FCILIWHING ~—777 7

SERZTH

=

TL=ITMG INDICITZES

B i

GROTYI LINES

MAXINUM RADIUS IS _ZITZZ BY THE END PCINTS COF
CZNTIR X CENTER Y NO. OF ZIRZTLZ _CUWEST RTINS
CCIREIT™TE COORDIMNETE TOTAL CEITIC. FRI2IUS F.S.
67.70001 662.9393 5 1 148,353 1.289 0
71.7°7000 662.9999 5 1 147.32¢6 1.292 0
63.CC0701 662.9989 5 1 149.37% 1.294 0
67.0C02C% 666.9599 5 1 152.218 1.280 0
67.02001 658.9999 5 1 144.487 1,290 0
68.C0001 662.9999 5 1 148.0896 1.289 0
©6.00001 £62.989%9 5 1 148.609 1.290 0
€7.00001 £63.9899 5 1 149.319 1.289 0
©7.02001 ©61.9999 5 1 147,386 1.289 0
67.06201 660.9999 5 1 146.420 1.239 0
68.00001 661.9995 5 1 147.1289 1.289 0
©9.000CL 661.9399 5 1 146,873 1.290 0
68.00201 662.9999 5 1 148.09% 1.289 0
68.00Cc1 660.9959 5 1 146,163 1.289 0
68.0050% 659.99%9 5 1 145,196 1.289 0
©68.20221 658.5999 5 1 154,230 1.289 0
©8.00001 657.9999 5 1 143.263 1.289 0
©5.00221 658.9333 5 1 143,973 1.239 0
67.0C00 658.9999 5 1 144,487 1.250 0
AT POINT ( 68.00001 658.9989 ) RAZZCS 144.230
THZ MINIMUM FACTOR OF SAFETY IS 1.289
CiARY OF SLICE INFORMATION FOR MOST CRITICAL SLIF SURFACE
SL. SOIL SLICE WATER SLICE TOTAL EFFEC. RESIS.
NO. NO. TEIGHT HEIGHT SINE WZIGHT Wl ™o MOMINT
1 1 1.714 1.714 -.170 0.194E-34 0.985E+03 0.454E+T6
2 1 4.333 4,332 -.123 0.24c2+04 0.125E+04 0.303£+06
3 1 8.160 8.160 -.061 Z.137E+05 0.691E+J4 0.122E+07
4 1 13.380 12.851 12.851 0.0321 0.215=+05 0.108E+05 0.159E+07
5 1 13.380 16.29¢6 16.296 0.124 0.2722+05 0.136E+05 0.184E+07
6 1 13.380 18.467 18.467 0.217 0.307E+05 0.153E+05 0.196E+07
7 1 13.380 19,301 19.301 0.310 0.320E+05 0.159E+05 0.195E+07
8 1 13.380 18.685 18.685 0.403 0.308E+05 0.152E+05 0.183E+07
9 1 13.380 16.443 16.443 0.495 0.268E+05 0.131E+05 0.160=2+07
10 1 13.380 12.294 10.215 0.588 0.197E+05 0.111E-35 0.143E+0C7
11 1 4,236 8.309 3.483 0.649 0.406E+04 0.314E-24 0.4302+06
12 2 5.037 5.733 0.000 0.681 0.328E+04 0.328E-24 0.345E+048
i3 2 4,107 2.131 0.000 0.713 0.9%94E+403 0.9947+03 0.18%E+06
S0 0.152E+08
AT CENTER ( 62,0, 65%9.550, WITH RABDLLS 144,230 AND SEISMIC

FACTOR OF SEFETY =27
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1.289
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DRIVING

MOMENT

L2C2=405
.905E+04
.706E+05
.394E+06
.B55E+06
L137E+97
L1B4E+0Q7Y
.218E+07
L 223E+07
.189%E+07
L4235+086
.356E+06
L112E+06
.117E+08
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