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|Task: Settlement Calculation - Total Settlement |Sheet: 1|Of: 8
Objective:

Estimate the settlement that will occur under the proposed Colon Mine structural fill when the structural fill has reached its final grades.

Background:

As part of the hydrogeological investigation for the site, 20 borings (subsequently converted to piezometers) were drilled in the vicinity of the proposed
structural fill to characterize subsurface conditions. Foundation settlement was calculated at 12 of these boring locations (see Attachment A for logs) to
determine the effect of settlement on the design liner grades. The elastic settlement was based on correlations with soil type and the estimated vertical
stress on the soil. In addition to the elastic settlement, the primary and secondary settlement for clay layers were also estimated. Note these primary
consolidation settlement calculations are conservative since they assume the foundation clays are normally consolidated and do not account for stress
distribution. The "stiff" description of the foundation clay indicates that the clay is probably overconsolidated and therefore anticipated consolidation
settlement is less than calculated.

References:

1. Naval Facilities Engineering Command (NAVFAC) (1986). Design Manual 7.01 - Soil Mechanics .
2. Geotrack Technologies, Inc. (2014). Physical Characterization Testing of Coal Combustion By-Products, Riverbend Steam Station

3. Qian, X., Koerner, R. M., & Gray, D. H. (). Geotechnical Aspects of Landfill Design and Construction . Upper Saddle River, New Jersey: Prentice Hall.

Steps - Primary Consolidation (Clay Soils)

1. Estimate the total settlement (Z;) for each layer using the elastic settlement (Z.), primary consolidation settlement (Z.), secondary consolidation settlement

(Z,) and equation 12.24 (page 470) below from Reference 3.
Ir=Z,+7Z.+Z,
2. Repeat Step 1 for each soil layer. Add the total settlement for each layer together to get the total estimated settlement at that location based on

information from the boring logs, recent surveys, and seasonal high groundwater levels.

Zrrotal = Zt layern T A layer n+1
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Calculations
MW PZ-3
From Previous Calculations Step 1
. i Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|Hard, Reddish-brown, clayey silt 0.07 0.00 0.00 0.07
2(PWR 0.00 0.00 0.00 0.00
3 0 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-3 0.07 ft
MW Pz-4
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Stiff, Brownish-yellow, silty clay 0.11 1.15 0.02 1.28
2|Very stiff, Red, clayey silt 0.12 0.00 0.00 0.12
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-4 1.4 ft
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MW PZ-6
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 0.19 0.53 0.03 0.75
2|Very stiff, Dark reddish-gray, silty clay (below GW) 0.06 0.16 0.01 0.23
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-6 0.98 ft
MW PZ-8
From Previous Calculations Step 1
. _— Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|Very stiff, Red, gravelly silt (above GW) 0.07 0.00 0.00 0.07
2|Very stiff, Red, gravelly silt (below GW) 0.02 0.00 0.00 0.02
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-8 0.09 ft
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MW PZ-9
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Stiff, Yellowish-brown, silty clay 0.09 0.32 0.02 0.43
2|Compact, Weak red, clayey sand (above GW) 0.05 0.00 0.00 0.05
3[Compact, Weak red, clayey sand (below GW) 0.07 0.00 0.00 0.07
4(PWR 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-9 0.55 ft
MW PZ-12
From Previous Calculations Step 1
. _— Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|PWR 0.00 0.00 0.00 0.00
2 0 0.00 0.00 0.00 0.00
3 0 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-12 0ft
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MW PZ-13
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Stiff, Red, sandy silt 0.06 0.00 0.00 0.06
2|Very hard, red, silty clay (below GW) 0.27 0.69 0.07 1.03
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-13 1.09 ft
MW PZ-15
From Previous Calculations Step 1
. i Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|Very stiff, red, silty clay 0.14 0.48 0.03 0.65
2|Very hard, red, silty clay (below GW) 0.16 0.43 0.05 0.64
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-15 1.29 ft
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MW PZ-16
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Stiff, Strong brown, clayey silt 0.06 0.00 0.00 0.06
2|Stiff, Yellowish-red, silty clay (above GW) 0.14 0.38 0.03 0.55
3|Very hard, Red, silty clay (below GW) 0.22 0.52 0.05 0.79
4(PWR 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-16 1.4 ft
MW PZ-18
From Previous Calculations Step 1
. - Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|Very stiff, Red, silty clay 0.06 0.22 0.01 0.29
2|Hard, Red, clayey silt 0.12 0.00 0.00 0.12
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-18 0.41 ft
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MW PZ-19
From Previous Calculations Step 1
. Primary Secondary
Layer |Boring Log Description Elastic Layer Consolidation Compression Total Settlement,
Settlement, Z,
(f) Settlement of Settlement of Caly Z; (ft)
Clay, Z. (ft) Layer, Z, (ft)
1|Medium, Light brownish-gray, silty clay 1.37 0.45 0.02 1.84
2|Hard, Yellowish-brown, clayey silt (below GW) 0.32 0.00 0.00 0.32
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-19 2.16 ft
MW PZ-20
From Previous Calculations Step 1
. _— Elastic Layer Prin_1ary. Seconda.ry
Layer Boring Log Description Consolidation Compression Total Settlement,
Settlement, Z,
Settlement of Settlement of Caly Z; (ft)
(ft) Clay, Z. (Ft) Layer, Z,(ft)
1|Stiff, Red, sandy silty clay (above GW) 0.17 0.54 0.04 0.75
2|Stiff, Red, sandy silty clay (below GW) 0.11 0.27 0.04 0.42
3|PWR 0.00 0.00 0.00 0.00
4 0 0.00 0.00 0.00 0.00
5 0 0.00 0.00 0.00 0.00
6 0 0.00 0.00 0.00 0.00
7 0 0.00 0.00 0.00 0.00
Step 2: Total Estimated Settlement for MW PZ-20 1.17 ft
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Check Post-Settlement Liner Stresses:

Figure 1 shows the post-settlement basegrade slopes after accounting for the calculated total foundation settlement. Figure 1 shows that
the greatest change in slope is anticipated to occur between PZ-16 and the inside base of the south perimeter berm (-1.40%). Assuming a
linear relationship between settlement and liner strain along this section of basegrade, the maximum strain due to settlement is
anticipated to be 1.40%. From GRI GM-13, the minimum average yield elongation for 60 mil textured HDPE geomembrane is 12%.
Therefore, the anticipated strain on the base liner geomembrane will not be excessive.

Conclusion:

The settlement calculations are summarized on Figure 1 provided in the back of the calculations. The figure shows
calculated total settlement ranged from zero at PZ-12 where essentially all the surface soils will be stripped down to the
partially weathered rock which is assumed to be incompressible to a maximum of 2.16 ft of settlement at PZ-19. Based on
the calculated settlement, a minimum of 4' post-settlement separation from groundwater will be maintained between the
bottom of the proposed liner system and the seasonal-high water table. Figure 1 also shows the effect of the estimated
foundation settlement on the proposed liner grades while conservatively assuming that there will be no settlement at the
base of the perimeter berm. The calculated post-settlement grades indicate that positive drainage will be maintained on the
liner system.
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Steps - Elastic Settlement

1. Determine the soil type (using Reference 1 and other references) and height of layer (H,) based on the boring log, recent survey, and measured
groundwater levels. Annotated boring logs for borings located within the footprint of the structural fill are included in Attachment A. Estimated
groundwater contours for the site are provided in Attachment B. Top of liner and top of final cover elevations are provided in Attachments C and D,
respectively. Assume no settlement occurs within Partially Weathered Rock (PWR).

2. Determine the wet unit weight (y) based on the soil type and Table 6: Typical Values of Soil Index Properties (page 7.1-22) of Reference 4 provided in
Attachment E. Use the average of the range of values in Table 6.

3. Determine the vertical stress (o,,;) of the soil by multiplying the height of the soil by the unit weight from step 2 and subtracting the buoyant force
due to the water if the layer is below the water table. If water is not present in the layer, set y,,...r €qual to zero.

Osoit = VsoitHo = YwaterHo
4. Determine the vertical stress (o, ;) Of the soil at the midpoint of the soil layer.

_ Osoil
Om soil = 2

5. Determine the increment of vertical effective stress of the waste & cover on the soil (A4t 8 cover) 3SSUMINg the unit weight of the compacted ash
(yash) is 83.8 pcf (See Slope Stability Calculations and Ref. 2), the height (Hash) varies across the site as shown in Attachment D, unit weight of the
cover (Veover) is €stimated to be 120 pcf and the height of the cover(H....) is 4 feet on sideslopes and 6 feet on the top slope.

AO-ash & cover= Yash Hash + Yecover Hcover

6. Determine the total vertical stress due to soil (oy) at the midpoint of the soil considering the soil (0., ;) and soil layers above (0 jayers above)-

0T = Om soil + Os0il layers above
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7. Convert the total vertical stress (o7) from psf to psi.

1ft?
Orpsi = 0T X Tgie

8. Using the total vertical stress (o7) in psi and soil type, look up the elastic modulus of soil (E;) and Poisson's ratio of soil (v) in the Columns in Table 9.5
(page 310) of Reference 3 (Attachment F). Use 95% density columns for soils classified as dense, stiff or hard and 85% density for others.

9. Convert the elastic modulus of soil (Eg) from psi to psf.

10. Determine the constrained modulus of soil (M) using the elastic modulus of soil (E,) and Poisson's ratio of soil (v,) and Equation 12.21 (page 470)
of Reference 3.

. Es(1—vy)
T+ ve)(1 — 2v)

M;

11. Determine the elastic settlement of soil layer (Ze) using the initial thickness of the soil layer (Ho), the increment of vertical effective stress (Ac) and
the constrained modulus of soil (Ms) and Equation 12.20 (page 469) of Reference 3.

Ao
Ze: VS Ho

12. Repeat Steps 1 - 11 for each layer. Add the elastic settlement for each layer together to get the total estimated elastic settlement at that location
based on information from the boring logs, recent surveys, and seasonal high groundwater levels.

Ze Total = Ze layer n + Ze layer n+1
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Calculations
MW PZ-3
Top of Final Cover Elevation 328 ft
Top of Liner Elevation 284.0 ft
Natural Ground Elevation 296.20 ft
Depth of Excavation to Top of Liner 12.2 ft
Elevation of Partially Weathered Rock (PWR) 281.20 ft (Assume No Settlement in PWR)
Groundwater Elevation 277.26 ft (Groundwater is Below PWR - does not affect calc.)
Height of Ash & Cover 44 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 38 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 3,904 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Yyater )
Sail, v (pcf) Soil, o,y (psf)
(pcf)
Hard, Reddish-brown, clayey silt MH 2.8 108.5 0 304

PWR

O O O o oo
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MW PZ-3 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
Layer |Boring Log Description Ve.rtica.I Stress ?t Increment of Vertical Effective Stress IEZISV;:ZCS Total verticz_ﬂl
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Aocash g cover (PST) o; (psf) Ot psi (PSi)
1|Hard, Reddish-brown, clayey silt 152 3,904 152 1
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-3 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1|Hard, Reddish-brown, clayey silt 400 0.42 57,600 147,042 0.07
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW-PZ-3 0.07 ft
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MW PZ-4
Top of Final Cover Elevation 329.5 ft
Top of Liner Elevation 294.0 ft
Natural Ground Elevation 296.82 ft
Depth of Excavation to Top of Liner 2.82 ft
Elevation of Partially Weathered Rock (PWR) 281.82 ft (Assume No Settlement in PWR)
Groundwater Elevation 287.50 ft (Groundwater is Below PWR - does not affect calc.)
Height of Ash & Cover 35.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 29.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 3,192 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
1|Stiff, Brownish-yellow, silty clay CH 113.5 0.0 568
2|Very stiff, Red, clayey silt MH 108.5 62.4 323
3|PWR 0
4 0
5 0
6 0
7 0
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MW PZ-4 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
Layer |Boring Log Description Ve.rtica.I Stress ?t Increment of Vertical Effective Stress IEZISV;:ZCS Total verticz_ﬂl
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Acash g cover (PST) o; (psf) Ot psi (PSi)
1|Stiff, Brownish-yellow, silty clay 284 3,192 284 2
2|Very stiff, Red, clayey silt 162 3,192 730 5
3({PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-4 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1|Stiff, Brownish-yellow, silty clay 400 0.42 57,600 147,042 0.11
2|Very stiff, Red, clayey silt 800 0.35 115,200 184,889 0.12
3[{PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW PZ-4 0.23 ft
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MW PZ-6
Top of Final Cover Elevation 334 ft
Top of Liner Elevation 278.0 ft
Natural Ground Elevation 283.48 ft
Depth of Excavation to Top of Liner 5.48 ft
Elevation of Partially Weathered Rock (PWR) 251.78 ft (Assume No Settlement in PWR)
Groundwater Elevation 270.64 ft
Height of Ash & Cover 56 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 50 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 4,910 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Very stiff, Dark reddish-gray, silty clay (above GW) CL 1235 0.0 865
Very stiff, Dark reddish-gray, silty clay (below GW) CL 1235 62.4 183

PWR

=== RE=2K=]
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MW PZ-6 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
. o Vertical Stress at | Increment of Vertical Effective Stress Total vertical Total vertical
Layer Boring Log Description ] . . stress due to .
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Acash g cover (PST) o; (psf) Ot psi (PSi)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 433 4,910 433 3
2|Very stiff, Dark reddish-gray, silty clay (below GW) 92 4,910 958 7
3|PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-6 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 800 0.35 115,200 184,889 0.19
2|Very stiff, Dark reddish-gray, silty clay (below GW) 1,100 0.32 158,400 226,667 0.06
3|PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW PZ-6 0.25 ft
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MW PZ-8
Top of Final Cover Elevation 331.5 ft
Top of Liner Elevation 281.5 ft
Natural Ground Elevation 302.56 ft
Depth of Excavation to Top of Liner 21.06 ft
Elevation of Partially Weathered Rock (PWR) 272.56 ft (Assume No Settlement in PWR)
Groundwater Elevation 274.75 ft
Height of Ash & Cover 50 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 44 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 4,407 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
1|Very stiff, Red, gravelly silt (above GW) ML 108.5 0.0 760
2|Very stiff, Red, gravelly silt (below GW) ML 108.5 62.4 92
3|PWR 0
4 0
5 0
6 0
7 0
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|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 10|Of: 26
MW PZ-8 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
Layer |Boring Log Description Ve.rtica.I Stress ?t Increment of Vertical Effective Stress IEZISV;:ZCS Total verticz_ﬂl
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Acash g cover (PST) o; (psf) Ot psi (PSi)
1|Very stiff, Red, gravelly silt (above GW) 380 4,407 380 3
2|Very stiff, Red, gravelly silt (below GW) 46 4,407 806 6
3[{PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-8 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1|Very stiff, Red, gravelly silt (above GW) 2,500 0.29 360,000 471,761 0.07
2|Very stiff, Red, gravelly silt (below GW) 2,500 0.29 360,000 471,761 0.02
3[{PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW PZ-8 0.09 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 11|Of: 26
MW PZ-9
Top of Final Cover Elevation 314 ft
Top of Liner Elevation 275.5 ft
Natural Ground Elevation 285.74 ft
Depth of Excavation to Top of Liner 10.24 ft
Elevation of Partially Weathered Rock (PWR) 265.74 ft (Assume No Settlement in PWR)
Groundwater Elevation 269.02 ft
Height of Ash & Cover 38.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 4 ft
Ash Thickness 34.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 3,371 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Stiff, Yellowish-brown, silty clay CL 123.5 0.0 494
Compact, Weak red, clayey sand (above GW) SC 115.0 0.0 345
Compact, Weak red, clayey sand (below GW) SC 115.0 62.4 210

PWR

=R E=2K=]




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 12|Of: 26
MW PZ-9 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
. o Vertical Stress at | Increment of Vertical Effective Stress Total vertical Total vertical
Layer Boring Log Description ] . . stress due to .
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Acash g cover (PST) o; (psf) Ot psi (PSi)
1|Stiff, Yellowish-brown, silty clay 247 3,371 247 2
2|Compact, Weak red, clayey sand (above GW) 173 3,371 667 5
3[Compact, Weak red, clayey sand (below GW) 105 3,371 945 7
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-9 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1|Stiff, Yellowish-brown, silty clay 400 0.42 57,600 147,042 0.09
2|Compact, Weak red, clayey sand (above GW) 800 0.35 115,200 184,889 0.05
3|[Compact, Weak red, clayey sand (below GW) 800 0.35 115,200 184,889 0.07
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW PZ-9 0.21 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 13|Of: 26
MW PZ-12
Top of Final Cover Elevation 303 ft
Top of Liner Elevation 269.5 ft
Natural Ground Elevation 284.32 ft
Depth of Excavation to Top of Liner 14.82 ft
Elevation of Partially Weathered Rock (PWR) 269.32 ft (Assume No Settlement in PWR)
Since Top of Liner el. = PWR el. Assume no Elastic Settlement
Groundwater Elevation 253.72 ft (Groundwater is Below PWR - does not affect calc.)
Height of Ash & Cover 33.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 4 ft
Ash Thickness 29.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 2,952 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer |Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Soail, v (pcf) Soil, o, (psf)
(pcf)
PWR 0.0
0.0
0.0

N o bW N -
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HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 14|Of: 26
MW PZ-12 continued
Step 4 Step 5 (see calculation above) Step 6 Step 7
Layer |Boring Log Description Ve.rtica.I Stress ?t Increment of Vertical Effective Stress IEZISV;:ZCS Total verticz_ﬂl
midpoint of Soil, of Ash & Cover, soil stress on 5.0|I,
Om soil (PSF) Acash g cover (PST) o; (psf) Ot psi (PSi)
1[PWR 0 2,952 0 0
2 0 2,952 0 0
3 0 2,952 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-12 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)
1[PWR 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
Step 12: Total Estimated Elastic Settlement for MW PZ-12 0 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 15|Of: 26
MW PZ-13
Top of Final Cover Elevation 335.5 ft
Top of Liner Elevation 290.0 ft
Natural Ground Elevation 293.48 ft
Depth of Excavation to Top of Liner 3.48 ft
Elevation of Partially Weathered Rock (PWR) 268.48 ft (Assume No Settlement in PWR)
Groundwater Elevation 283.44 ft
Height of Ash & Cover 45.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 39.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 4,030 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Stiff, Red, sandy silt ML 6 108.5 0.0 651
Very hard, red, silty clay (below GW) CL 15 1235 62.4 917

PWR
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HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 16|Of: 26
MW PZ-13 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Stiff, Red, sandy silt 326 4,030 326 2
2|Very hard, red, silty clay (below GW) 459 4,030 1,111 8
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-13 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Stiff, Red, sandy silt 1,800 0.34 259,200 398,955 0.06
2|Very hard, red, silty clay (below GW) 1,100 0.32 158,400 226,667 0.27
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-13 0.33 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 17|Of: 26
MW PZ-15
Top of Final Cover Elevation 336 ft
Top of Liner Elevation 294.0 ft
Natural Ground Elevation 300.63 ft
Depth of Excavation to Top of Liner 6.63 ft
Elevation of Partially Weathered Rock (PWR) 275.63 ft (Assume No Settlement in PWR)
Groundwater Elevation 287.60 ft
Height of Ash & Cover 42 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 36 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 3,737 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Very stiff, red, silty clay CL 7 123.5 0.0 865
Very hard, red, silty clay (below GW) CL 10 1235 62.4 611

PWR

=== RE=2K=]




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 18|Of: 26
MW PZ-15 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Very stiff, red, silty clay 433 3,737 433 3
2|Very hard, red, silty clay (below GW) 306 3,737 1,172 8
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-15 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Very stiff, red, silty clay 800 0.35 115,200 184,889 0.14
2|Very hard, red, silty clay (below GW) 1,100 0.32 158,400 226,667 0.16
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-15 0.3 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 19|Of: 26
MW PZ-16
Top of Final Cover Elevation 317 ft
Top of Liner Elevation 273.0 ft
Natural Ground Elevation 270.63 ft
Depth of Excavation to Top of Liner -2.37 ft (fill will be added to achieve liner grade)
Elevation of Partially Weathered Rock (PWR) 250.63 ft (Assume No Settlement in PWR)
Groundwater Elevation 262.23 ft
Height of Ash & Cover 44 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 38 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Estimated Unit Weight of Fill 130 pcf
Vertical Stress of Ash & Cover & Fill 4,213 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer |Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Soail, v (pcf) Soil, o, (psf)
(pcf)
Stiff, Strong brown, clayey silt MH 108.5 0.0 217
Stiff, Yellowish-red, silty clay (above GW) CL 1235 0.0 741
Very hard, Red, silty clay (below GW) CL 12 1235 62.4 733

PWR

[=RE=2E=2K=]




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 20|Of: 26
MW PZ-16 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Stiff, Strong brown, clayey silt 109 4,213 109 1
2|Stiff, Yellowish-red, silty clay (above GW) 371 4,213 589 4
3|Very hard, Red, silty clay (below GW) 367 4,213 1,327 9
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-16 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Stiff, Strong brown, clayey silt 400 0.42 57,600 147,042 0.06
2|Stiff, Yellowish-red, silty clay (above GW) 800 0.35 115,200 184,889 0.14
3|Very hard, Red, silty clay (below GW) 1,100 0.32 158,400 226,667 0.22
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-16 0.42 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 21|Of: 26
MW PZ-18
Top of Final Cover Elevation 328 ft
Top of Liner Elevation 279.5 ft
Natural Ground Elevation 292.27 ft
Depth of Excavation to Top of Liner 12.77 ft
Elevation of Partially Weathered Rock (PWR) 272.27 ft (Assume No Settlement in PWR)
Groundwater Elevation Dry ft (Groundwater is Below PWR - does not affect calc.)
Height of Ash & Cover 48.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 42.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 4,282 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Very stiff, Red, silty clay CL 123.5 0.0 247
Hard, Red, clayey silt MH 108.5 0.0 543

PWR
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HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 22|Of: 26
MW PZ-18 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Very stiff, Red, silty clay 124 4,282 124 1
2|Hard, Red, clayey silt 272 4,282 520 4
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-18 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Very stiff, Red, silty clay 400 0.42 57,600 147,042 0.06
2|Hard, Red, clayey silt 800 0.35 115,200 184,889 0.12
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-18 0.18 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 23|Of: 26
MW PZ-19
Top of Final Cover Elevation 330.5 ft
Top of Liner Elevation 271.0 ft
Natural Ground Elevation 265.99 ft
Depth of Excavation to Top of Liner -5.01 ft (fill will be added to achieve liner grade)
Elevation of Partially Weathered Rock (PWR) 250.99 ft (Assume No Settlement in PWR)
Groundwater Elevation 260.55 ft
Height of Ash & Cover 59.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 53.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Estimated Unit Weight of Fill 130 pcf
Vertical Stress of Ash & Cover & Fill 5,855 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer |Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Soail, v (pcf) Soil, o, (psf)
(pcf)
Medium, Light brownish-gray, silty clay CL 5 1235 0.0 618
Hard, Yellowish-brown, clayey silt (below GW) MH 10 108.5 62.4 461

PWR

N o bW N -
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HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 24|Of: 26
MW PZ-19 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Medium, Light brownish-gray, silty clay 309 5,855 309 2
2|Hard, Yellowish-brown, clayey silt (below GW) 231 5,855 849 6
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-19 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Medium, Light brownish-gray, silty clay 100 0.33 14,400 21,336 1.37
2|Hard, Yellowish-brown, clayey silt (below GW) 800 0.35 115,200 184,889 0.32
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-19 1.69 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 25|Of: 26
MW PZ-20
Top of Final Cover Elevation 328 ft
Top of Liner Elevation 2935 ft
Natural Ground Elevation 296.51 ft
Depth of Excavation to Top of Liner 3.01 ft
Elevation of Partially Weathered Rock (PWR) 276.51 ft (Assume No Settlement in PWR)
Groundwater Elevation 284.12 ft
Height of Ash & Cover 34.5 ft (Top of Final Cover - Top of Liner)
Cover Thickness 6 ft
Ash Thickness 28.5 ft
Unit Weight of Ash 83.8 pcf (Source: Reference 2)
Estimated Unit Weight of Cover 120 pcf
Vertical Stress of Ash & Cover 3,108 psf
Water Density 62.4 pcf
Step 1 Step 2 Step 3
Layer Boring Log Description . Unit Weight of Unit Weight of Vertical stress of
Soil Symbol H, (ft) . Water, Vyater .
Sail, v (pcf) Soil, o, (psf)
(pcf)
Stiff, Red, sandy silty clay (above GW) CL 10 123.5 0.0 1,235
Stiff, Red, sandy silty clay (below GW) CL 8 1235 62.4 489

PWR

=== RE=2K=]




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Elastic Settlement |Sheet: 26|Of: 26
MW PZ-20 continued

Step 4 Step 5 (see calculation above) Step 6 Step 7

Vertical Stress at

Increment of Vertical Effective Stress

Total vertical

Total vertical

Layer Boring Log Description midpoint of Soil, of Ash & Cover, stress ‘?'Iue to stress on soil,
O soil (PSF) Acash g cover (PSF) 0:‘();;f) Ot psi (PSI)
1|Stiff, Red, sandy silty clay (above GW) 618 3,108 618 4
2|Stiff, Red, sandy silty clay (below GW) 245 3,108 1,481 10
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0
MW PZ-20 continued
. Lo Step 8 Step 9 Step 10 Step 11
Layer Boring Log Description
Es (psi) A E, (psf) M (psf) Z, (ft)

1|Stiff, Red, sandy silty clay (above GW) 800 0.35 115,200 184,889 0.17
2|Stiff, Red, sandy silty clay (below GW) 1,100 0.32 158,400 226,667 0.11
3[PWR 0 0
4 0 0
5 0 0
6 0 0
7 0 0

Step 12: Total Estimated Elastic Settlement for MW PZ-20 0.28 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|subject:  Permit Application |checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 1|Of: 20

Steps - Primary Consolidation (Clay Soils)

1. Estimate the initial void ratio (e,;) of the clay layer using the laboratory total porosity (n) values provided on the boring logs (Attachment A). Assume e, =
0.65 for CH material and 0.44 for CL material. Determine e, as follows:

n
€ =1, where n = ef fective porosity

2. Estimate the primary compression index using the initial void ratio from Step 1 and the Equation below from Table 3 (page 7.1-224) of Reference 1.

Cc = 1.15(e, — 0.35)

3. Conservatively assume the preconsolidation pressure (p.) is equal to the initial vertical effective stress (o,) using the equation below.

Pc = 0p = Om soil + Oso0il layers above

4. Determine the primary consolidation using the Equation 12.22 (page 470) below from Reference 3. Conservatively assume the clay is normally
consolidated without preconsolidation pressure, therefore assume the recompression index (C,) is equal to 0.
H,; o, + Ao

Hoi Pc
X log—+ C,. X X lo
1+ ey gao “T1+ey & De

Z.=Cp X



HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 2|Of: 20
Where:

Z. = primary consolidation settlement of clay layer (ft)

H, = initial thickness of clay layer (ft)

e, = initial void ratio of clay layer

C, = recompression index

C. = primary compression index

o, = initial vertical effective stress (Ib/ftz)

p. = preconsolidation pressure (Ib/ftz)

Ao = increment of vertical effective stress (Ib/ftz)

4. Repeat Steps 1 - 4 for each clay layer. Add the primary consolidation settlement for each clay layer together to get the total estimated primary

consolidation settlement at that location based on information from the boring logs, recent surveys, and seasonal high groundwater levels.

Zc Total = Zc layer n + Zc layer n+1

Calculations
MW PZ-3
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ac (psf) O soil (PSF) Osoil avers (PSf)
1|Hard, Reddish-brown, clayey silt MH 2.8 3,904 152 304
2|PWR 0 0.0 0 0 0
3 0 0.0 0 0 0
4 0 0.0 0 0 0
5 0 0.0 0 0 0
6 0 0.0 0 0 0
7 0 0.0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 3|Of: 20
MW PZ-3 continued
Step 1 Step 2 Step 3
, i . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Hard, Reddish-brown, clayey silt

2|PWR

3 0

4 0

5 0

6 0

7 0
MW PZ-3 continued

Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)

1|Hard, Reddish-brown, clayey silt

2|PWR

3 0

4 0

5 0

6 0

7 0

Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-3 0ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 4|Of: 20
MW Pz-4
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1|Stiff, Brownish-yellow, silty clay CH 5 3,192 284 568

2|Very stiff, Red, clayey silt MH 7 3,192 162 323

3|PWR 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-4 continued

Step 1 Step 2 Step 3
, i . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Stiff, Brownish-yellow, silty clay 0.65 0.35 284

2|Very stiff, Red, clayey silt

3|PWR

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 5|Of: 20
MW PZ-4 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Stiff, Brownish-yellow, silty clay 284 0 1.15
2|Very stiff, Red, clayey silt
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-4 1.15 ft
MW PZ-6
From Previous Calculation
Layer |Boring Log Description Increment of Vertic'al St'ress at | Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil ayers (PSf)
1|Very stiff, Dark reddish-gray, silty clay (above GW) CL 7 4,910 433 865
2|Very stiff, Dark reddish-gray, silty clay (below GW) CL 3 4,910 92 183
3|PWR 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 6|Of: 20
MW PZ-6 continued
Step 1 Step 2 Step 3
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, Prirr?ary Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 0.44 0.10 433
2|Very stiff, Dark reddish-gray, silty clay (below GW) 0.44 0.10 958
3|PWR
4 0
5 0
6 0
7 0
MW PZ-6 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 433 0 0.53
2|Very stiff, Dark reddish-gray, silty clay (below GW) 958 0 0.16
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-6 0.69 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 7|Of: 20
MW PZ-8
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1|Very stiff, Red, gravelly silt (above GW) ML 7 4,407 380 760

2|Very stiff, Red, gravelly silt (below GW) ML 2 4,407 46 92

3|PWR 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-8 continued

Step 1 Step 2 Step 3
, i . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Very stiff, Red, gravelly silt (above GW)

2|Very stiff, Red, gravelly silt (below GW)

3|PWR

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 8|Of: 20
MW PZ-8 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Very stiff, Red, gravelly silt (above GW)
2|Very stiff, Red, gravelly silt (below GW)
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-8 0 ft
MW PZ-9
From Previous Calculation
Layer |Boring Log Description Increment of Vertic'al St'ress at | Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil ayers (PSf)
1|Stiff, Yellowish-brown, silty clay CL 4 3,371 247 494
2|Compact, Weak red, clayey sand (above GW) SC 3 3,371 173 345
3|Compact, Weak red, clayey sand (below GW) SC 4 3,371 105 210
4|1PWR 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 9|Of: 20
MW PZ-9 continued
Step 1 Step 2 Step 3
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, Prirr?ary Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Stiff, Yellowish-brown, silty clay 0.44 0.10 247

2|Compact, Weak red, clayey sand (above GW)

3|[Compact, Weak red, clayey sand (below GW)

41PWR

5

6

7
MW PZ-9 continued

Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)

1|Stiff, Yellowish-brown, silty clay 247 0 0.32

2|[Compact, Weak red, clayey sand (above GW)

3|[Compact, Weak red, clayey sand (below GW)

4|PWR

5

6

7

Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-9 0.32 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 10|Of: 20
MW PZ-12
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1{PWR 0 0 2,952 0 0

2 0 0 0 2,952 0 0

3 0 0 0 2,952 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-12 continued

Step 1 Step 2 Step 3
, - . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1{PWR

2 0

3 0

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 11|Of: 20
MW PZ-12 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|PWR
2 0
3 0
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-12 0ft
MW Pz-13
From Previous Calculation
Layer |Boring Log Description Increment of Vertic'al St'ress at | Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil ayers (PSf)
1|Stiff, Red, sandy silt ML 6 4,030 326 651
2|Very hard, red, silty clay (below GW) CL 15 4,030 459 917
3|PWR 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 12|Of: 20
MW PZ-13 continued
Step 1 Step 2 Step 3
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, Prirr?ary Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Stiff, Red, sandy silt

2|Very hard, red, silty clay (below GW) 0.44 0.10 1,111

3|PWR

4 0

5 0

6 0

7 0
MW PZ-13 continued

Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)

1|Stiff, Red, sandy silt

2|Very hard, red, silty clay (below GW) 1,111 0 0.69

3|PWR

4 0

5 0

6 0

7 0

Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-13 0.69 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 13|Of: 20
MW PZ-15
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1|Very stiff, red, silty clay CL 7 3,737 433 865

2|Very hard, red, silty clay (below GW) CL 10 3,737 306 611

3|PWR 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-15 continued

Step 1 Step 2 Step 3
, - . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Very stiff, red, silty clay 0.44 0.10 433

2|Very hard, red, silty clay (below GW) 0.44 0.10 1,172

3|PWR

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 14|Of: 20
MW PZ-15 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Very stiff, red, silty clay 433 0 0.48
2|Very hard, red, silty clay (below GW) 1,172 0 0.43
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-15 0.91ft
MW PZ-16
From Previous Calculation
Layer |Boring Log Description Increment of Vertic'al St'ress at | Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil ayers (PSf)
1|Stiff, Strong brown, clayey silt MH 2 4,213 109 217
2|Stiff, Yellowish-red, silty clay (above GW) CL 6 4,213 371 741
3|Very hard, Red, silty clay (below GW) CL 12 4,213 367 733
4|1PWR 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 15|Of: 20
MW PZ-16 continued
Step 1 Step 2 Step 3
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, Prirr?ary Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)
1|Stiff, Strong brown, clayey silt 109
2|Stiff, Yellowish-red, silty clay (above GW) 0.44 0.10 589
3|Very hard, Red, silty clay (below GW) 0.44 0.10 1,327
41PWR
5
6
7
MW PZ-16 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Stiff, Strong brown, clayey silt 109 0 0.00
2|Stiff, Yellowish-red, silty clay (above GW) 589 0 0.38
3|Very hard, Red, silty clay (below GW) 1,327 0 0.52
4|PWR
5
6
7
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-16 0.9 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 16|Of: 20
MW PZ-18
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1|Very stiff, Red, silty clay CL 2 4,282 124 247

2|Hard, Red, clayey silt MH 5 4,282 272 543

3|PWR 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-18 continued

Step 1 Step 2 Step 3
, i . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Very stiff, Red, silty clay 0.44 0.10 124

2|Hard, Red, clayey silt

3|PWR

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 17|Of: 20
MW PZ-18 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Very stiff, Red, silty clay 124 0 0.22
2|Hard, Red, clayey silt
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-18 0.22 ft
MW PZ-19
From Previous Calculation
Layer |Boring Log Description Increment of Vertic'al St'ress at | Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil ayers (PSf)
1[Medium, Light brownish-gray, silty clay CL 5 5,855 309 618
2[Hard, Yellowish-brown, clayey silt (below GW) MH 10 5,855 231 461
3|PWR 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 18|Of: 20
MW PZ-19 continued
Step 1 Step 2 Step 3
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, Prirr?ary Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Medium, Light brownish-gray, silty clay 0.44 0.10 309

2|Hard, Yellowish-brown, clayey silt (below GW)

3|PWR

4 0

5 0

6 0

7 0
MW PZ-19 continued

Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)

1|Medium, Light brownish-gray, silty clay 309 0 0.45

2|Hard, Yellowish-brown, clayey silt (below GW)

3|PWR

4 0

5 0

6 0

7 0

Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-19 0.45 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 19|Of: 20
MW PZ-20
From Previous Calculation
Layer |Boring Log Description Increment of Vertic_al St.ress at [ Vertical Stress in soil
Soil Symbol H, (ft) Vertical Effective midpoint, layer,
Stress, Ao (psf) O soil (PSF) Osoil avers (PSf)

1|Stiff, Red, sandy silty clay (above GW) CL 10 3,108 618 1,235

2|Stiff, Red, sandy silty clay (below GW) CL 8 3,108 245 489

3|PWR 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0
MW PZ-20 continued

Step 1 Step 2 Step 3
, - . : : . - . . Primary I
Layer |Boring Log Description Minimum Void Maximum Void | Initial Void Ratio, . Preconsolidation
. . Compression Index,
Ratio, emin Ratio, €ax € C. Pressure, p. (psf)

1|Stiff, Red, sandy silty clay (above GW) 0.44 0.10 618

2|Stiff, Red, sandy silty clay (below GW) 0.44 0.10 1,481

3|PWR

4 0

5 0

6 0

7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Settlement Calculation - Primary Consolidation Settlement |Sheet: 20|Of: 20
MW PZ-20 continued
Step 3, Continued Step 4
Layer |Boring Log Description Initial Vertical Effective Stress on Soil, | Recompression | Primary Consolidation Settlement of Clay
o, (psf) Index, C, Layer, Z(ft)
1|Stiff, Red, sandy silty clay (above GW) 618 0 0.54
2|Stiff, Red, sandy silty clay (below GW) 1,481 0 0.27
3|PWR
4 0
5 0
6 0
7 0

Step 4: Total Estimated Primary Consolidation Settlement for MW PZ-20 0.81ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 1|Of: 19

Steps - Secondary Consolidation (Clay Soils)

1. Estimate the water content (w,)using the equation below and Table 6 (page 7.1-22) of Reference 1 (Attachment E). Estimate the secondary consolidation
compression index (C,) using Figure 16 (page 7.1-237) of Reference 1 (Attachment G) and the estimated water content (w,,).

_ Ywet — Yary
y = ———————
Yary

2. Estimate the initial thickness of the clay layer before starting secondary consolidation settlement (H,) using the initial layer thickness (H,),the elastic
settlement (Z,), the primary consolidation settlement (Z.) and the equation below.

Hos =Hy —Ze — Z¢

3. Determine the secondary compression using the Equation 12.23 (page 470) below from Reference 3. Assume the initial void ratio of the clay layer before
secondary consolidation settlement is equal to the minimum void ratio in Table 6 (page 7.1-22) of Reference 1 (Attachment E).

Zo = Cy X Hos X 1ogt—2
1+ ey tq
Where:
Z, = long-term secondary compression (ft)
€45 = initial void ratio of clay layer before starting secondary consolidation settlement
C, = secondary consolidation compression index
Hos = initial thickness of clay layer before starting secondary consolidation settlement (ft)
t, = starting time of the time period for which long-term settlement of the layer is desired
t, = ending time of the time period for which long-term settlement of the layer is desired
assumet; =1 year

assume t, = 100 years



HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 2|Of: 19

4. Repeat Steps 1 - 3 for each clay layer. Add the secondary compression settlement for each clay layer together to get the total estimated secondary
compression settlement at that location based on information from the boring logs, recent surveys, and seasonal high groundwater levels.

Za Total = Za layer n + Za layer n+1

Calculations
MW PZ-3
From Previous Calculations Step 1
. Primary . .
. o Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z. (ft)
1|Hard, Reddish-brown, clayey silt 3 0.07 0.00 109
2|PWR 0 0.00 0.00 0
3 0 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0
MW PZ-3 continued
Step 1, continued Step 2
S d
. _ Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, . Layer before Secondary
Y (pcf) Y (pcf) Compression Settlement, H, (ft)
d 7]
dry max ry avg Index, ch os
1|Hard, Reddish-brown, clayey silt
2|PWR
3 0
4 0
5 0
6 0
7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 3|Of: 19
MW PZ-3 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Hard, Reddish-brown, clayey silt
2(PWR
3 0
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-3 0 ft
MW PZ-4
From Previous Calculations Step 1
. Primar - .
Layer Boring Log Description Initial Layer Elastic Layer Consolida}c/ion Wet Unit Weight, Mlnlmum dry unit
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Ywet (pCF) weight,
(ft) 2 () Vet min (PCf)
1|Stiff, Brownish-yellow, silty clay 5 0.11 1.15 114 50
2|Very stiff, Red, clayey silt 7 0.12 0.00 109
3({PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 4|Of: 19
MW PZ-4 continued
Step 1, continued Step 2
layer |Boring Log Description Ma)‘dmur.n dry Av§rag§ dry Cc?:sc;?::t?c/)n Initial Thickness of Clay
unit weight, unit weight, water content, w, . Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1|Stiff, Brownish-yellow, silty clay 112 81 0.40 0.004 3.74
2|Very stiff, Red, clayey silt
3|PWR
4 0
5 0
6 0
7 0
MW PZ-4 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Stiff, Brownish-yellow, silty clay 0.50 0.02
2|Very stiff, Red, clayey silt
3(PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-4 0.02 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 5|Of: 19
MW PZ-6
From Previous Calculations Step 1
. Primary . .
. L Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z_ (ft)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 7 0.19 0.53 124 60
2|Very stiff, Dark reddish-gray, silty clay (below GW) 3 0.06 0.16 124 60
3({PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0
MW PZ-6 continued
Step 1, continued Step 2
S d
. _— Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, ] Layer before Secondary
Y (pcf) Ya (pcf) Compression Settlement, H, (ft)
dry max ry avg Index, ch 7 os
1|Very stiff, Dark reddish-gray, silty clay (above GW) 135 98 0.30 0.003 6.28
2|Very stiff, Dark reddish-gray, silty clay (below GW) 135 98 0.30 0.003 2.78
3|PWR
4 0
5 0
6 0
7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 6|Of: 19
MW PZ-6 continued
Step 3
Layer Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Very stiff, Dark reddish-gray, silty clay (above GW) 0.25 0.03
2|Very stiff, Dark reddish-gray, silty clay (below GW) 0.25 0.01
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-6 0.04 ft
MW PZ-8
From Previous Calculations Step 1
. Primar . .
Layer Boring Log Description Initial Layer Elastic Layer Consolida}c/ion Wet Unit Weight, Mlnlmum dry unit
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Ywet (pCF) weight,
(ft) 2 () Verymin (PC)
1|Very stiff, Red, gravelly silt (above GW) 7 0.07 0.00 109
2|Very stiff, Red, gravelly silt (below GW) 2 0.02 0.00 109
3|PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 7|Of: 19
MW PZ-8 continued
Step 1, continued Step 2
layer |Boring Log Description Ma)‘dmur.n dry Av§rag§ dry Cc?:sc;?::t?c/)n Initial Thickness of Clay
unit weight, unit weight, water content, w, . Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1|Very stiff, Red, gravelly silt (above GW)
2|Very stiff, Red, gravelly silt (below GW)
3(PWR
4 0
5 0
6 0
7 0
MW PZ-8 continued
Step 3
Layer Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Very stiff, Red, gravelly silt (above GW) 0.00
2|Very stiff, Red, gravelly silt (below GW) 0.00
3(PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-8 0 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 8|Of: 19
MW PZ-9
From Previous Calculations Step 1
. Primary . .
. L Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z. (ft)
1|Stiff, Yellowish-brown, silty clay 4 0.09 0.32 124 60
2|[Compact, Weak red, clayey sand (above GW) 3 0.05 0.00 115
3[Compact, Weak red, clayey sand (below GW) 4 0.07 0.00 115
4|PWR 0 0.00 0.00 0
5 0 0.00 0.00 0
6 0 0.00 0.00 0
7 0 0.00 0.00 0
MW PZ-9 continued
Step 1, continued Step 2
S d
. _— Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, ] Layer before Secondary
Y (pcf) Ya (pcf) Compression Settlement, H, (ft)
dry max ry avg Index, ch 7 os
Stiff, Yellowish-brown, silty clay 135 98 0.30 0.003 3.59

Compact, Weak red, clayey sand (above GW)

Compact, Weak red, clayey sand (below GW)

PWR




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 9|Of: 19
MW PZ-9 continued
Step 3
Layer Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Stiff, Yellowish-brown, silty clay 0.25 0.02
2|Compact, Weak red, clayey sand (above GW)
3|Compact, Weak red, clayey sand (below GW)
41PWR
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-9 0.02 ft
MW PZ-12
From Previous Calculations Step 1
. _— " Elastic Layer Prirr?ary- . . Minimum dry unit
Layer Boring Log Description Initial Layer Consolidation Wet Unit Weight, .
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Yuet (PCf) weight,
(fo) 7. () Vary min (PC)
1[PWR 0 0.00 0.00 0
2 0 0 0.00 0.00 0
3 0 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 10|Of: 19
MW PZ-12 continued
Step 1, continued Step 2
. _— Maximum dry Average dry Secor_1dar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, . Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1[PWR
2 0
3 0
4 0
5 0
6 0
7 0
MW PZ-12 continued
Step 3
Layer Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1[PWR
2 0
3 0
4 0
5 0
6 0
7 0

Step 4: Total Estimated Secondary Compression Settlement for MW PZ-12

0 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 11|Of: 19
MW PZ-13
From Previous Calculations Step 1
. Primary . .
. L Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z. (ft)
1|Stiff, Red, sandy silt 6 0.06 0.00 109
2|Very hard, red, silty clay (below GW) 15 0.27 0.69 124 60
3(PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0
MW PZ-13 continued
Step 1, continued Step 2
S d
. _— Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, ] Layer before Secondary
Y (pcf) Ya (pcf) Compression Settlement, H, (ft)
dry max ry avg Index, ch 7 os
1|Stiff, Red, sandy silt
2|Very hard, red, silty clay (below GW) 135 98 0.30 0.003 14.04
3|PWR
4 0
5 0
6 0
7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 12|Of: 19
MW PZ-13 continued
Step 3
Layer Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Stiff, Red, sandy silt
2|Very hard, red, silty clay (below GW) 0.25 0.07
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-13 0.07 ft
MW PZ-15
From Previous Calculations Step 1
. Primar . .
Layer Boring Log Description Initial Layer Elastic Layer Consolida}c/ion Wet Unit Weight, Mlnlmum dry unit
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Ywet (pCF) weight,
(ft) 2 () Vet min (PCf)
1|Very stiff, red, silty clay 7 0.14 0.48 124 60
2|Very hard, red, silty clay (below GW) 10 0.16 0.43 124 60
3|PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 13|Of: 19
MW PZ-15 continued
Step 1, continued Step 2
. _— Maximum dry Average dry Secor_1dar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, . Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1|Very stiff, red, silty clay 135 98 0.30 0.003 6.38
2|Very hard, red, silty clay (below GW) 135 98 0.30 0.003 9.41
3(PWR
4 0
5 0
6 0
7 0
MW PZ-15 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Very stiff, red, silty clay 0.25 0.03
2|Very hard, red, silty clay (below GW) 0.25 0.05
3(PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-15 0.08 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 14|Of: 19
MW PZ-16
From Previous Calculations Step 1
. Primary . .
. L Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z (ft)
1|Stiff, Strong brown, clayey silt 2 0.06 0.00 109
2(Stiff, Yellowish-red, silty clay (above GW) 6 0.14 0.38 124 60
3|Very hard, Red, silty clay (below GW) 12 0.22 0.52 124 60
4|PWR 0 0.00 0.00 0
5 0 0.00 0.00 0
6 0 0.00 0.00 0
7 0 0.00 0.00 0
MW PZ-16 continued
Step 1, continued Step 2
S d
. _— Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, ] Layer before Secondary
Y (pcf) Ya (pcf) Compression Settlement, H, (ft)
dry max ry avg Index, ch 7 os
1|Stiff, Strong brown, clayey silt
2|[stiff, Yellowish-red, silty clay (above GW) 135 98 0.30 0.003 5.48
3|Very hard, Red, silty clay (below GW) 135 98 0.30 0.003 11.26
4|1PWR
5
6
7




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 15|Of: 19
MW PZ-16 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Stiff, Strong brown, clayey silt
2(Stiff, Yellowish-red, silty clay (above GW) 0.25 0.03
3|Very hard, Red, silty clay (below GW) 0.25 0.05
4|PWR
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-16 0.08 ft
MW PZ-18
From Previous Calculations Step 1
. Primar - .
Layer Boring Log Description Initial Layer Elastic Layer Consolida}c/ion Wet Unit Weight, Mlnlmum dry unit
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Ywet (pCF) weight,
(ft) 2 () Vet min (PCf)
1|Very stiff, Red, silty clay 2 0.06 0.22 124 60
2[Hard, Red, clayey silt 5 0.12 0.00 109
3(PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 16|Of: 19
MW PZ-18 continued
Step 1, continued Step 2
. _— Maximum dry Average dry Secor_1dar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, . Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1|Very stiff, Red, silty clay 135 98 0.30 0.003 1.72
2[Hard, Red, clayey silt
3(PWR
4 0
5 0
6 0
7 0
MW PZ-18 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e Clay Layer, Z, (ft)
1|Very stiff, Red, silty clay 0.25 0.01
2[Hard, Red, clayey silt
3({PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-18 0.01 ft




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 17|Of: 19
MW PZ-19
From Previous Calculations Step 1
. Primary . .
. L Elastic L M d t
Layer Boring Log Description Initial Layer astic Layer Consolidation Wet Unit Weight, |n|murT1 ryuni
. Settlement, Z, weight,
Thickness, H, (ft) Settlement of Clay, Ywet (PCf)
(ft) Vdry min (pCf)
Z_ (ft)
1|Medium, Light brownish-gray, silty clay 5 1.37 0.45 124 60
2[Hard, Yellowish-brown, clayey silt (below GW) 10 0.32 0.00 109
3(PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0
MW PZ-19 continued
Step 1, continued Step 2
S d
. _— Maximum dry Average dry ecor_1 ar.y Initial Thickness of Clay
Layer |Boring Log Description . . ) ] Consolidation
unit weight, unit weight, water content, w, ] Layer before Secondary
Y (pcf) Ya (pcf) Compression Settlement, H, (ft)
dry max ry avg Index, ch 7 os
1|Medium, Light brownish-gray, silty clay 135 98 0.30 0.003 3.18
2|Hard, Yellowish-brown, clayey silt (below GW)
3(PWR
4 0
5 0
6 0
7 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 18|Of: 19
MW PZ-19 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Medium, Light brownish-gray, silty clay 0.25 0.02
2[Hard, Yellowish-brown, clayey silt (below GW)
3|PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-19 0.02 ft
MW PZ-20
From Previous Calculations Step 1
. Primar . .
Layer Boring Log Description Initial Layer Elastic Layer Consolida}c/ion Wet Unit Weight, Mlnlmum dry unit
Thickness, H, (ft) Settlement, Z, Settlement of Clay, Ywet (pCF) weight,
(ft) 2 () Vet min (PCf)
1|Stiff, Red, sandy silty clay (above GW) 10 0.17 0.54 124 60
2|Stiff, Red, sandy silty clay (below GW) 8 0.11 0.27 124 60
3|PWR 0 0.00 0.00 0
4 0 0 0.00 0.00 0
5 0 0 0.00 0.00 0
6 0 0 0.00 0.00 0
7 0 0 0.00 0.00 0




HDR Computation

|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject:  Permit Application |checked By:  KP |Date: 10/29/2014
|Task: Settlement Calculation - Secondary Compression Settlement |Sheet: 19|Of: 19
MW PZ-20 continued
Step 1, continued Step 2
Secondary

Maximum dry

Average dry

Initial Thickness of Clay

tayer  Boring Log Description unit weight, unit weight, water content, w, Consolidat.ion Layer before Secondary
Compression
Vary max (PCT) Vary avg (PCT) Index, C, Settlement, H,, (ft)
1|Stiff, Red, sandy silty clay (above GW) 135 98 0.30 0.003 9.29
2[stiff, Red, sandy silty clay (below GW) 135 98 0.30 0.003 7.62
3|PWR
4 0
5 0
6 0
7 0
MW PZ-20 continued
Step 3
Layer |Boring Log Description Initial Void Ratio of Clay before | Secondary Compression Settlement of
Secondary Settlement, e, Clay Layer, Z, (ft)
1|Stiff, Red, sandy silty clay (above GW) 0.25 0.04
2|Stiff, Red, sandy silty clay (below GW) 0.25 0.04
3({PWR
4 0
5 0
6 0
7 0
Step 4: Total Estimated Secondary Compression Settlement for MW PZ-20 0.08 ft
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ATTACHMENT A

X

Buxton Environmental, Inc.
Consulting Services . .

1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-3s and 3
(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 1711614 Logged By: : Ross Kiingman, P.G.
1303 Brickyard Road Date Completed: 1 7116/14 Drilling Method: . HSA; CME-45C
Sanford, North Carolina Drilling Company: : Red Dog Drilling Top-of-Casing Elev.:  : 299 12Y/299.29'
Drillers Name: : Mark Seiler Ground Surface Elev.: :296.20'
NC Driller Certification: : 2789A Natural, Cut, Fill Grade: : slight cut
Water Levels Sample Type
~ f_o‘ g _W_ 1 Hour = dry/36.11'0gs 8S = Split Spoon
3 5 £ g | = 7 24 Hours = dry/30.91' bgs ST = Shelby Tube Well1: PZ-3s
=l 8 |$| &€ RC = Rock Core Well2: PZ-3
el 5133|858 BAG = Bag Sample TOC Elayr Cover
= © a
a = ¢ - N
= & [ 2| 5|8 Lithologic Description
Al w |o| & | T F
0— 296.2 — 6" Dia. Hollow-
g 5 1 §8,ST [16,24| moist; stiff; yellowish red (YR 5/6) with light gray and orange N 7 ’ §0£:i’,i,ag Hollow-StemAugsr
yellow mottied; fine to coarse sandy gravelly ckag,ey silt; low / ” /
7 plasticity; cohesive; Soil Horizon; (Lab Resuits: Z-3 UD (0-2'); |
- USCS=CL; Sand=6.7%; Sill=52.8%; Clay=40.5%; Specific / L/
. Gravity=2.67; Hydraulic Conductivity=2.42 x 10-6 cmisec; / j /
5 291.2 g ss | 14 \|Total Porosity=39.3%; Effectuve Porosity=2%; Atterberg Grout
2ifl 1 imits: PL=27, LL=48, PI=21) 28R
. { - py
4 CwT moist; very sliff; red (2.5YR 4/6) with white and brown / 1 I
. J specks; clayey fine to coarse sandy and gravelly silt; no / § /
i 3 lasticity; cohesive; Residuum ) /
1012082 18 [ SS_| ™ | dry: haro; reddish brown (2.5YR 5/4) with light orange and it Sadl
maroon mottles; clayey silt; no plasticity; cohesive; Residuum j ; ;
- THL vl H EE Casing (2" Dia. Sch. 40 PVC)
] = |
b ss | 16 | moist; very hard; red (10R 5/6) with maroon mottles and = |
15— 281.2 53/33 vertical manganese fracture planes; clayey silt; no plasticity; L "
1 cohesive; Partially Weathered Rock H| ~{#2 Silica Sand Pack
4 ? L tscreen (10" Section of 2" Dia.
LY .| 3226 £ {'scn. 40 PvC)
20 L 276.2 5o/ £ dry; very hard; reddish brown (2.5YR 5/4) with olive green it =| s
' and white specks; fine to medium sandy silt with rock it |
7 ragments; no plasticity; cohesive; Partially Weathered Rock okt g
% = |l Total Depth (bgs.) = 23.45
50/5" |—SS_ | ¥ - ;
= dry; very compact; reddish brown (2.5YR 5/4) with white and
25 ( 271.2 green specks; medium horizontal fisste; silty fine to coarse Bentonite Seal
1 sand with gravel; no plasticily or cohesion; Partially T B
- eathered Rock W AL
25 _]_ p— 50/2" TS5 gy “Very hard; weak red (10R 5/3); highly horizontal fissle; j 5
. fine mica sandy silt; no plasticity; cohesive, Partially j “HH| ]
1 eathered Rock S HL o +=#2 Silica Sand Pack
- |Hr——={Screen (10' Section of 2" Dia.
i “Hl | Seh. 40 PVC)
35 1 o81.2 50/5% }5131\ 5 "moist; weak red (10R 4/3) with green, yellow and black ht H
’ specks and mottles; slightly clayey silty fine to coarse sand S
7 with phyllite gravel; no plasticity or cohesion; Partially &l |=
R Wealhered Rock; (Lab Results: PZ-3 Bag (34-34.5'), % -~ Total Depth (bgs.) = 37.05
J USCS=SM: Gravel=12.8%, Sand=59.7%; Silt and Clay=27.5%;,
| ffective Porosity=30%)
40— 256.2 Auger Refual @ 38'
45




e

Buxton Environmenctal, Inc.
Congulling Serviees _ g
1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-4

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 1711814 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 17118114 Drilling Method: . HSA; CME-45C
Sanford, North Carolina Drilling Company: Red Dog Drilling Top-of-Casing Elev.: :299.50'(Lawrence Survey)
Drillers Name: : Mark Seiler Ground Surface Elev.: : 296.82'(Lawrence Survey)
NC Driller Certification: : 2789A Natural, Cut, Fill Grade: : slighl cut
i Water Levels Sample Type
| 3|5 ¥ 1 Hour =dry SS = Spiit Spoon
ﬁ, 2 E g | = 7 24 Hours = 33.22' bgs ST = Shelby Tube
D é 2 e = RC = Rock Core Well: PZ-4
& 5 3 5 s BAG = Bag Sample TOC Elev.: 299.50
£} s L;) e 3 .. Cover
3| g 2l s |8 Lithologic Description =
‘——‘“ g B £ ss 14 | moist; stiff; brownish yellow (10YR 6/8); fine to coarse sandy FA P A% Dia. Hollow-Stem Auger
M ] S / Boring
L) Cla? clayey silt with gravel; low plasticity; cohesive; Soil Horizon p / /
e TQL 1 [/
5:_ 291.82 é ss,BAG| 16 | moist; stiff, brownish yellow (10YR 6/8) with rust mottles; silty / /
g ' clay; low plasticity; cohesive; Soil Horizon; (Lab Results: PZ-4 / s -
LH 1 Bag (4-5.5"), USCS=CH, Sand=3.0%; Silt=50.9%, Clay=46.1%; / Casing (2" Dia. Sch. 40 PVC)
= ffective Porosity=2%, Atterberg Limits: PL=27, LL=60, PI=33) /
1 & 38 : — : / /4 Grout
10—k 286 82 3 ss | 18 | moist; very stiff, red (2.5YR 4/8) with olive green, rust, light gray / /
7 ' 12 and light purple mottled; gravelly clayey silt; no plasticity; cohesive;
1 Residuum / /
s 1 ? /]
15_'_ 58182 s/ | 55 | 12 | dry; very hard; weak red (2.5YR 5/2) with light green specks; ,/ /
P ’ medium horizontal fissle; silt; no plasticity; cohesive; Partially / /
P (Z 3 Weathered Rock / /
i s/ | 85 | 12 [ dry; very hard; weak red (2.5YR 5/2) with white stringers and / /
20— 276.82 vertical black manganese fracture planes; silt; no plasticity; / /
i \cohesive; Partially Weathered Rock / /
: iBentonite Seal
D 54 4» 58S, BAG 15 | moist; very hard; red (2.5YR 4/6); highly horizontal fissle; ‘
: very slightly clayey sill, no plasticily; cohesive; Partially Weathered
1 Rock; (Lab Resulls: PZ-4 Bag (24-24.5'), USCS=CL,;
g Sand=21.0%,; Silt=61.6%, Clay=17.4%, Effeclive Porosily=11%; B
J tterberg Limits: PL=16, LL=31, PI=15) B
. 4 = - = -
L 58/2~ SS | 20 | moist; very hard; weak red (10R 4/2) with white, black and yellow |2 -
30— 266.82 specks and stringers; medium horizontal fissle; slightly clayey silt; || ~{#2 Silica Sand Pack
- no plasticity; cohesive, Partially Weathered Rock ) Soresn (10 section
) | ©| of 2" Dia. Sch. 40 PV
] o H PVC)
35| 261 82 [0 ——1—\No Recovery / [
i | @ 36.7" H
] Aliger Refusal@ Total Depth (bgs.) = 36.70
40— 256.82
45 |




Buxton Environmental, Inc.
Consulting Servicey T

1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buitonenvE@bellsouth.net

Boring Log, PZ-6

(Page 1 0of 1)

Sanford Mine Reclamation Site Date Started: 71714 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 7714 Drilling Method: : HSA; CME-45C
Sanford, North Carolina Drilling Company: . Red Dog Drilling Top-of-Casing Elev.:  : 286.13'(Lawrence Survey)
Drillers Name: - Mark Seiler Ground Surface Elev.. : 283 48'(Lawrence Survey)
NC ODriller Certification: : 2789A Natural, Cut, Fill Grade: : slight cut
Water Levels Sample Type
| 7 g ¥ 1 Hour = dry §S = Spllt Spoon
§', = L g | 2| 2 24Hows=1930 bgs ST = Shelby Tube
5 g | ¢ S| € RC = Rock Core Well: PZ-6
£ 5 § > E BAG = Bag Sample TOC Elev.é 286.13'
2 T s 3 over
B > z £ 3 ; o s —
8 g 2l s |g Lithologic Description 1
e — 283.48 6" Dia. -
. 0 8 3 sS | 10 | moist; medium compact; yellow (10YR 7/6); horizontal fissle; ‘éo',?‘a Hollow:-Stam Avger
184 & ng
g 8 silt; no plasticity or cohesion; Soil Horizon p
i ' gt ? ?
5._-_ 27} 48 sS 13 | moist; medium; pale yellow (2.5 Y 7/4) with light rust motties; siity / /
- £ clay with roots; low plasticity; cohesive; Soll Horizon o / /
E JOL- / gaslng (2" Dia. Sch. 40 PVC)
= ~Grout
N -
i i ? ?
10—+ 273.48 171 ss | 20 | moist; very stiff; dark reddish gray (2.5YR 4/1) with white and / /
: 16 ellow moltles; silly clay; low plasticity; cohesive; Residuum
] ST 7N 1 / /
E moist; weak red (10R 4/4); clayey silt; no plasticity; cohesive;
| 220.bY Residuum; (Lab Results: PZ-6 UD (10.5-11"); USCS=CL; ? 2
] Sand=11.3%, Silt=72.5%, Clay=16.2%; Specific Gravity=2.68; /
9 ss | 24 Hydraulic Conductivity=6.01 x 10-6 cm/sec; Total Porosily=30.7%; / /
| 15— 268.48 | 58}s" ctive Porosity=8%; Alterberg Limits: PL=23, LL=37, PI=14) / /
FW Yzf i \ ]
2 moist; very hard; red (2.5YR 4/8), fine to coarse sandy clayey siit / /
| with gravel and rock fragments; no plasticity; cohesive; Partially /
\Weathered Rock
1 50/4" o8 /]
20— 263.48 dry; very hard; dark reddish brown (2.5YR 4/1); silty medium to
o coarse sand with rounded phyllite gravel; no plasticity; cohesive;
:| Partially Weathered Rock; (Lab Results: PZ-6 Bag (19-19.5');
USCS=8C; Sand=59.9%; Silt=27.1%; Clay=13.0%, Effective
) Porosily=16%,; Alterberg Limits: PL=18, LL=33, Pi=15)
7 50/1"—SS T —
25— 258.48 moist; very hard; reddish brown (2.5YR 4/4); horizontal fissle;
) weathered mudstone; Partially Weathered Rock /
| - =#2 Silica Sand Pack
b P I— g ’ - A ~=Screen (10' section
30t 253.48 . dry; very hard; weak red (2.5YR 5/2); horizontal fissle; sandy | of 2" Dia. Sch. 40 PVC)
Il ‘ mudstone, Partially Weathered Rock / .
i o ' Total Depth (bgs.) = 33.80'
35—} 248 48 SOLSTTSS T g Very hard; weak red (2.6YR 5/2), weathered silty v (g,
' \conglomerata; Partially Weathered Rock
40— 243.48




Bux@on Eavironmental, Inc.
Sg T101 Sonth Blvel. Sufia 101 Bormg LOQ, PZ-8
Charlotte, North Carolina 28203
Ph (704) 344-1450 ¥ 704) 344-145|
buxtonenv@bc"suml:ﬁe(! * (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 1712114 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1712914 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: * Summit Engineering Top-of-Casing Elev:  : 304.85'(Lawrence Survey)
Drillers Name: : Robert Cassell Ground Surface Elev.: : 302.58'(Lawrence Survey)
NC Dirliler Certification: : 4143A Natural, Cut, Fill Grade: : slight cut
” Water Levels Sample Type
| 7 | 5 ¥ 1Hour=dry SS = Split Spoon
% % E| g |o| = 2rous=at380ge ST = Shelby Tube
sl € |2| 2 |E RC = Rock Core Well: PZ-8
-\.8_, & § B 2 BAG = Bag Sample TOC Elev.(:: 304.85
P=1 = > OV
‘é % z % 8 ) icD L. — =
2 B 2l s Lithologic Description ’—
i — L % o D L .
o | 3@ 66 s ss | 18 | moist; stiff; strong brown (7.5Y 5/8) with white specks; silty clay, 7 / ‘éorir'?g Hollow: Stet Auger
medium plasticity; cohesive; Residuum y / /
- g ss | 14 | moist; stiff; red (2.5YR 4/6) with light orange mottles; silty ? ?
5—1 297.56 clay, low plasticity; cohesive; Residuum 4 / /
g / Casing (2" Dia. Sch. 40 PVC)
C L . é ss | 1s | moist; stiff, red (2.5YR 4/6); silty clay; low plasticity; cohesive; / /
10— 202.56 Residuum y ? / Grout
41 [UT / /
E g ss.8AG| 16 | moist; very stiff; red (2.5YR 4/6) with orange motties and black ? ?
15— 287.56 stringers; silty clay: low plasticity; cohesive, Residuum; (Lab
i Results: PZ-8 Bag (13.5-15"); USCS=CL; Sand=3.1%; Silt=68.1%; / /
Clay=28.8%; Effective Porosity=3%; Atterberg Limits: PL=23, / /
i LL=39, Pi=16) / /
6 ]9; ss | 14 | moist; very stiff; red (10R 4/8) with light gray and ysilow mottles; / /
20—+ 282,56 clayey quartz and phyliite gravelly silt; no plasticity; cohesive; / /
=8 TelL Residuum / / /
mL, 4 fg ss | 20 | moist; very stiff; red (10R 4/6) with light gray and yellow mottles; / /
25— 277.56 clayey quartz and phyliite gravelly silt; no plasticity; cohesive;
i Residuum Bentonite Seal
. DEI5
y 597 ss | 20 [ moist; very hard; red (10R 4/8) with maroon mottles; silty clay; low
v | 30—t 272,56 | 50/5" plasticity; cohesive; Residuum p
P |-
58/% SS | 15 [ moist; very hard; red (10R 4/8) with maroon mottles; silty clay; low | R -
35— 267.56 plasticity; cohesive; Residuum § ﬂ#Z Silica Sand Pack
4 = Screen (10" section
i - of 2" Dia. Sch. 40 PVC)
i 505" 85112 dry; very compact; weak red (10R 4/4); clayey silty fine to coarse g
40~ 262.56 sand; no plasticity or cohesion; Partially Weathered Rock / -]
] iz : Total Depth (b
E Siracas otal Depth (bgs.) = 41.90'
. 05" LSS0 {"moist: very hard; red (10R 4/8); highly horizontal fissle; silty clay;
45— \Iow plasticity; cohesive; Partially Weathered Rock J




Buxton Environmental, [nc.
X 52 1101 South Bivd.. Suite 101 Boring Log, PZ-9s and 9
k Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-145]
lu:xtonenv@belIsontth:eI (Page 1 of 1)
Sanford Mine Reclamation Site Date Started. 172114 Logged By: : Ross Klingman, P.G,
1303 Brickyard Road Date Completed: 7/2114 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: : Summit Engineering Top-of-Casing Elev: 288 11/288.11"
Drillers Name: : Robert Cassell Ground Surface Elev.: :28574'
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : slight cut
g Water Levels Sample Type
|37 £ _¥_ 1 Hour = dry/dry SS = Split Spoon
4 % E g | = | 2 24Hours = ayia603 bgs ST = Shelby Tube Well1: PZ-9s
| £ 2| &S RC = Rock Core Well2: PZ-9
é E 8 B QE). BAG = Bag Samp[e TOC Elev. 28%3\}’6'
= " =% 2 T 1
a z y ; g s
gl 2 (2| & 382 Lithologic Description —
| 0—285.74 - : —6" Dia. Hollow-Stem A
1 2%5 é ss | 16 [ moist; stiff; yellowish red (5YR 5/6) with rust mottles; silty 7 i % Boring " om Auger
clay, low plasticity; cohesive; Soil Horizon // /
| / (| /
. g ss | 16 | moist; stiff; light yellow brown (2.5 Y 6/3) with light orange L/ /
5—- 280.74 mottles; silly clay; low plasticily; cohesive; Soil Horizon / 4 / sl
. Lol ZRi%
L L ) / A
) —t é Casing (2" Dia. Sch. 40 PVC)
gl 3 Jlods | 16 | moist; stiff; light yellowish brown (2.5Y 6/3) with rust and // |
10— 275.74 maroon mottles; silty clay; low plasticity; cohesive; Soil / ) /
4 orizon
. Bentonite Seal
7 ig 53,8AG 22 | dry; compact; weak red (10R 4/3) with white and gray
15— 270.74 specks; silty fine to coarse sand with phyllite gravel; no "
; Il plasticity or plasticity; Residuum; (Lab Results: PZ-9 Bag =
or R VAR WY (13.5-15'); USCS=SC; Gravel=0.4%; Sand=522; Sill=35.9, £ |thesd
Clay=11.5%; Effeclive Porosity=17; Atterberg Limits: PL=20, == -
i L=34, Pl=14) {[H}--—|#2 Silica Sand Pack
| 50/5" |_SS_| E =i S .
e | o - 265,74 dry; very hard; weak red (10R 4/3); highly horizontal fissle; ] Sscgﬁezo(}b({/g)ecuon of 2" Dia.
P“ 2] ' fine sandy silt; no plasticity; cohesive; Partiaily Weathered = | :
i ock g
4 sohe | SS | 8 | dry; very compact; weak red (10R 4/3) with white and gray : 255
25— 260.74 specks; silty fine to coarse sand with phyllite gravel; no —1Total Depth (bgs.) = 25.00"
J lasticity or cohesion; Partially Weathered Rock St
. .Benlonite Seal
- 50/5" LSS LB ry: very compact; weak red (10R 4/3) with white and aliii
30— 255.74 gray specks; silty fine to coarse sand wilh phyllite gravel; =
i o plasticity or cohesion; Partially Weathered Rock g
1 ol N H - 2 silica Sand Pack
: 4 dry; very compact; weak red (10R 4/3) with white and gray FH=———={Screen (10' Section of 2" Dia.
35| 250.74 specks; medium horizontal fissle; silly fine to coarse sand with B “'| Sch. 40 PVC)
1| \ghyliila gravel. no plasticity or cohesion; Pariially Weathered I v | =
ock R | =
i 808" LSS_UE_{dry: very hard; reddish brown (2.5YR 4/4); highly horizontal s Total Depth (bgs.) = 39.00"
40— 245.74 fissle, weathered mudstone; Parlially Weathered Rock
45—




Buxpoq Environmental, Inc.
% Conaulting Services Borlng Log, PZ_12

1101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451

buxtonenv@bellsoutir.net (Page 1ol 1)

Sanford Mine Reclamation Site Date Started: 17122114 Logged By: : Ross Klingman, P.G.
1303 Brlckyard Road Date Completed: $ 7122114 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: : Summit Engineering Top-of-Casing Elev.:  : 287 15'(Lawrence Survey)
Drillers Name: : Robert Cassell Ground Surface Elev.: : 284.32'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cul, Fill Grade: : natural
g Water Levels Sample Type
- 7 | 8 _¥_ 1 Hour=dry $S = Split Spoon
éi, % g g | = 7 24 Hours = dry ST = Shelby Tube
| €[] & | RC = Rock Core Well: PZ-12
e 5 | 2 s | & BAG = Bag Sample TOC Elev.: 287.15
2R REIR AR
Q o
8 = 2l =2 Lithologic Description
== 0=f:284.32 " : - = 8" Dia. Hollow-
§ ss | 18 | moist; medium; yellowish red (5YR 5/8) with brown mottles; Boring R Stam Auger

Gt 4

§ ss 14 | moist; stiff; reddish yellow (7.5YR 6/8) with rust and light gray
mottles; silty clay; medium plasticity; cohesive; Soil Horizon »

i clayey, quartz gravelly silt and silty clay; low plasticity;
1 cohesive; Soil Horizon /

Casing (2" Dia. Sch. 40 PVC)
Grout

| ; ss 13 | moist; stiff, red (2.5YR 4/6) with green and black specks,; fine to
10—- 27132 medium sandy clayay silt; low plasticity; cohesive; Residuum P
U

My | ]

55? .| ss | 15 | moist; very hard; red (2.5YR 4/6) with green and black specks;
5 medium horizontal fissle; mica sandy clayey silt; no plasticity;
cohesive; Partially Weathered Rock /

g
IO N ONOONNONNNNNNNN] ]
L ANNNNNNNANNNNAY

pure|

Bentonite Seal

- 15 55.8AG| 21 | moist; very stiff; red (2.5YR 4/6) with purple motties; blocky; silty
clay; no plasticity; cohesive; Residuum; (Lab Results: PZ-12 Bag

20— 264.32
N (18.5-20"); USCS=CL; Sand=0.7%; Silt=66.5%, Clay=32.8%;
3 Effective Porosity=2%; Atterberg Limits: PL=20, LL=42, Pi=22) E
- 50/3" [CSS B gy very hard; red (2.5YR 5/6); horizontal fissle; weathered fine ; +~{#2 Silica Sand Pack
25—+ 259.32 sandy mudstone; Partially Weathered Rock / = 5
i -H——1Scresn (10' section
] Bk of 2" Dia. Sch. 40 PVC)
A R ) \dry‘, very hard; red (2.5YR 5/6); horizontal fissle; weathered fine / : i
30—} 2%1.32 sandy mudstone; Partially Weathered Rock AR
32 )53,21 AHLrotal Depth (bgs.) = 30,60
35— 249.32
40—~ 244.32




‘ Buxgon I‘_:nvironmental, Inc.
‘ﬁQ ot S Biva, Suis 101 Boring Log, PZ-13
g Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
huxtonenv@bellsou(lzzc(l ) (Page 1of 1)
Sanford Mine Reclamation Site Date Started: 17122114 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 17122114 Drilling Method: : HSA, CME-550x
Sanford, North Carolina Drilling Company: Summit Engineering Top-of-Casing Elev..  : 298 69'(Lawrence Survey)
Drillers Name: * Robert Casselt Ground Surface Elev.: : 293.48'(Lawrence Survey)
NC Driller Certification: . 4143A Natural, Cut, Flll Grade: : natural
N Water Levels Sample Type ‘
| 7| £ ¥ 1 Hour=dy SS = Spiit Spoon
g % 3 g | | -z 2Hous= dry ST = Shelby Tube
% < 2 > £ RC = Rock Core Well: PZ-12
e S a 5 “Z; BAG = Bag Sample TOC Elev.: 296.59
el 35S 2|3
> . . . .
gl & |3 § 8 Lithologic Description —
— ~1 293.48 1 " Dia. Hollow-
0 ] ’-1 § ss.8aG| 10 | moist; medium compact; brownish yellow (10YR 6/6) with white 7 7 eBori I'% Hollow-Stem Auger
=Sty CwT specks; clayey silty quartz sandy gravel; no plasticity or cohesion;
% Soil Horizon; (Lab Results: PZ-13 Bag (0-1.5'); USC8=SC-SM; / /
| - l 'T\-; Gravel=36.1%; Sand=37.2%; Silt=19.4%, Clay=7,3%, Effective / /
4 é ss | 21 Porosity=25%; Atterberg Limits: PL=17, LL=21, Pl=4) / /
—f
Sﬁ“ 288.48 moist; stiff: red (2.5YR 4/6); fine to medium sandy silt and / / ) -
AL 1 silty clay layers; low plasticity; cohesive; Residuum / Casing (2" Dia. Sch. 40 PVC)
] - 5375.. SS 6 | moist; very hard; red (2.5YR 4/6); silly clay with large quartz / &
10_4.38,43 gravel; no plasticity; cohesive; Residuum ) / ; Grout
{593.4jp / /
J ? i
c j} ss | 24 | moist; very hard; weak red (10R 5/3) with light green mottles; / ¢
15— 278 .48 | 50/8" medium horizontal fissle; silty clay; no plasticity; cohesive;
C‘ L Residuum / Q ?
1% ss | 20 | moist; hard; pinkish gray (7.5YR 6/2) with black vertical and 45
20 —} 273.48 degree planes; medium horizontal fissle; silty clay; no plasticity;
il \cohasive; Residuum Bentonite Seal
E 53,16-- SS | 18 | moist; very hard; gray (7.5YR 5/1); medium horizontal fissle; silty B
———ee. | 25—1- 268.48 \clay; no plasticity; cohesive, Partially Weathered Rock /i B
, " | ~#2 Silica Sand Pack
PV | ] Hl
. 3 ;5 ss | 22 | moist; very hard; gray (7.5YR 5/1); medium horizontal g “4 g il
30 T 263.48 | 50/5" fissle; silty clay; no plasticily; cohesive; Residuum » E ' ' )
1 501" |58 dry; very hard; dark blueish gray (Gley 2 4/1); : Total Depth (bgs.) = 33.65'
35—|- 258.48 weathered mudstone; Partially Weathered Rock J
: Auger Refusal @ 35'
40— 253.48
4
45—




Buxton Environmental, Inc.
| 101 South Brvd.. Suite 107~ Boring Log, PZ-15s and 15
© Charlotte, North Carolina 28203
Ph (704) 344-1450 ¥ 704) 344-1451
ht:xtone)nv@bcllsouthﬂ.:c(l ) (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 1723114 Logged By: : Ross Klingman, P.G,
1303 Brickyard Road Date Completed: 1712314 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: - Summit Engineering Top-of-Casing Elev:  :303.11'/303.24'
Drillers Name: : Robert Cassell Ground Surface Elev.: : 300.63'
NC Driller Certification: - 4143A Natural, Cut, Fill Grade: : natural
” Water Levels Sample Type
& .’é % W 1 Hour = 13.48'15.34' bgs S5 = Split Spoon
&l = T | o | = | Sz 24Hours=136671331' bgs | ST = Shelby Tube Well1: PZ-15s
3 ] R RC = Rock Core Well2: PZ-15
£ = 3 = & = TOC Elev,:
= S Q BAG = Bag Sample Cover
g & 2l sl Lithologic Description =
— | 030063 o )
l 1 § ss | 18 | moist; medium; yellowish red (7.5YR 6/6); coarse quartz got?irl\z' Hollow-Stem Auger
sandy silty clay; medium plasticity; cohesive; Soil Horizon Grout
Cier Bentonite Seal
b 9 ss | 20 | moist; very stiff; yellow (10YR 7/6) with rust and orange 5
5—1- 29563 1 mottles; coarse quartz sandy silty clay; low plasticity; o
i . \cohesive; Soil Horizon H |- _l 3
i T L |- —{#2 Silica Sand Pack
1 - - - £ Screen (10" Section of 2" Dia.
- 5 ss | 21 | moist; very stiff; red (2.5YR 4/6) with light gray and yellow Sch. 40 PVC)
{:L 10— 290.63| 13 mottles; silty clay; medium plasticily; cohesive; Residuum
i —-{Casing (2" Dia. Sch. 40 PVC
lw_|>41.% e )
. 12 ss | 18 | moist; hard; red (10R 4/6) with white specks; blocky; silty Total Depth (bgs.) = 14.00'
15— 28563 clay, low plasticity; cohesive; Residuum
| Bentonite Seal
- sty |_SS_| 18 | moist; very hard: red (2.5YR 4/6) with white specks; blocky; iy
20—} 28063 silty clay; low plasticity; cohesive; Reslduum s .:""#2 Silica Sand Pack
- 50/6" SSHAQ TE "o very hard; red (10R 4/6) with white specks; medium ; Ss‘érgego( R‘/g)ecﬂon of 2" Dia.
| 25— 275,63 horizontal fissle; silly clay; low plasticily; cohesive; Partially = :
13' ok | Weathered Rock; (Lab Results: PZ-15 Bag (23.5-24"): -]
USCS=CL, Gravel=0.7%; Sand=4.5%; Silt=52.8%; Clay=19.9%; g
i ffective Porosily=8; Atterberg Limits: PI=16, LL=32, PI=16) =
. LSS LTE L wet; very hard; weak red (10R 5/4) with light gray specks; - Total Depth (bgs ) = 28.70'
30— 270.63 highly horizontal fissle; weathered mudstone; Partially
J \Weathered Rock
35— 265.63
40— 260.63
45—




Buxgon E;llvironmental, Inc.
‘ '>€ 1101 South Bivd., Sufte 101 Boring Log, PZ-16
* Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
bu‘xtonenv@bellsouthr:ﬁe(t ) (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 17123114 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: . 7123114 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drllling Company: Summit Engineering Top-of-Casing Elev : 272.78'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev.: : 270.63'(Lawrence Survey)
NC Driller Certification: . 4143A Natural, Cut, Fill Grade: : natural (drainage bottom)
- Water Levels Sample Type
| 7|4 ¥ 1 Hour=2235bgs SS = Split Spoon
§ & S g —~ | X7 24 Hours = 8.33 bgs ST = Shelby Tube
S| & |8 =€ RC = Rock Core Well: PZ-16
123 & s g‘ 5 L5 BAG = Bag Sample TOC Elev.: 272.78
KaSs -3 Tﬁ.} U 3 g § . : e = Cover
o 8 2 21 8|2 Lithologic Description —
—| 027063 - _ " Dia. i
0 ] é ss | 24 | moist; stiff, strong brown (7.5YR 5/6) with white specks; quartz 7 golr:i)r% Hollow-Stem Auger
WH gravelly clayey silt; no plasticily, cohesive; Soil Horizon y
S——— - 7/ Grout
& g ss | 1e | moist; sliff, yellowish red (5YR 4/6) with light gray mottles; silty //
5—- 265.63 clay, low plaslicily, cohesive, Soil Horizon p /
A / Casing (2" Dia. Sch. 40 PVC)
1 o [porr3 /]
. §§ ss | 14 | dry: very hard; dark red (10R 3/6); horizontal fissle; weathered /]
i L 10—{- 260.63 mudstone; Residuum )
(, " Bentonite Seal
“ é? sS 16 | moist; very hard; red (10R 4/6) with purple mottles; mica sandy
15—} 255,63 | S0/5" | silty clay; no plasticity; cohesive; Residuum I
I <442 silica Sand Pack
" s8fb" [SSBAGITU st Very hard; red (10R 4/6) with purple motties; silty clay; no Screen (10' section
20—-250.63 plasticily, cohesive; Parlially Weathered Rock; (Lab Results: PZ-16 7] of 2" Dia. Sch. 40 PVC)
)pm [ N Bag (18.5-20"): USCS=CL; Sand=3.1%, Silt=65.5%, Clay=31.4%; ;
- i Effeclive Porosily=3; Alterberg Limits: PI=19, LL=38, PI=19)
1 o003 IS5 18 {wet; very hard; red (10R 4/6) with purple mottles; highly _ITotal Depth (bgs.) = 24.00"
25— 245,63 horizontal fissle; silty clay; no plasticity; cohesive; Partially
} Weathered Rock
30— 240.63
35— 235.63
40— 230.63
45—




xR

Buxton Environmental, Inc.
Consulting Seryices .. .
1101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@belisouth.net

- Boring Log, PZ-18

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 7123114 Logged By: : Ross Kiingman, P.G
1303 Brickyard Road Date Completed: 7123114 Drilling Method: . HSA; CME-550x
Sanford, North Carolina Drilling Company: Summit Engineering Top-of-Casing Elev.: . 294.72'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev.: 292 27'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : natural
vi Water Levels Sample Type
-1 2 15 ¥ 1 Hour =dry 88 = Split Spoon
g, 2 L = X7 24 Hours = dry ST = Shelby Tube
= ] % g & RC = Rock Core Well: PZ-18
$| s 3l % |z BAG = Bag Sample TOC Elev.: 294.72
£ ® o a $ oy Cover
s 3 [B]| 5|8 Lithologic Description
(=} [} o o o r
w—— ()— 29R.27 - - 8" Dia. Hollow-
ML : | ss | 22 | moist; medium, brownish yellow (10R 6/6); slightly clayey silt; 7 7 Eorillzag Hollow-Stem Auger
5 no plasticity; cohesive; Soll Horizon ) / /
= g ss | 16 | moist; stiff; reddish yellow (7.5YR 6/8) with tan and rust mottles; / ?
5~ 287.27 slity clay, medium plasticity, cohesive; Soil Horizon il / /
4 Casing (2" Dia. Sch. 40 PVC)
el | qew f ?
i ? ss | 15 | moist; very stiff, red (10R 4/8) with light green gray mottles; / /
10— 28p.27| 12 silty clay; low plasticity; cohesive; Residuum ; / /
: T ? //4 Grout
SRR 7 5; SS 18 | moist; hard; red (10R 4/8) with light green gray mottles; highly / /
15— 277.27| 24 horizontal fissle; very fine sandy clayey silt; no plasticity;
i \cohesive; Residuum / ? /
Mt g [/
i 56? " 158,.BAG| 12 | moist; very hard; red (10R 4/8) with light green gray mottles; highly / /
20— 272.27 horizontal fissle; very fine sandy clayey silt; no plasticity: / /
P‘“ P o cohesive; Partially Weathered Rock; (Lab Results: PZ-18 Bag
= (18.5-19.5'); USCS=CL; Sand=24.4%, Siit=55.7%; Clay=19.9%; / /
i ffective Porosity=8%; Atterberg Limits: PL=17, LL=32, PI=15) / /
- sdar| SS | 10 | moist; very hard; red (10R 4/8) with black horizontal planes; / /
25— 267.27 blocky and medium horizontal fissle; silty clay; no plasticity; / /
| \eoheslve: Partially Weathered Rock / /
- 50/6" TS5 6 hist; very hard; red (10R 4/8); highly horizontal fissle; weathered /
30— 262.27 mudstone, Partially Weathered Rock /
. 80/3" S8 1y very hard; weak red (10R 4/3); highly horizontal fissle: B
35— 257.27 fine mica sandy silt; no plasticity; cohesive; Partially -
4| Weathered Rock ElL
J H| —{#2 Silica Sand Pack
f 803" |_SS—1-5—{ moist; very hard; red (10R 4/8); highly horizontal fissle; weathered ™ Sotgrg"egigosgﬁcggnpvc)
40— 252,27 \mudstone; Partially Weathered Rock / g
. 60888 A" moist; very hard; red (10R 4/8) with purple mottles; blocky; "tokel Depth (bga.) = 43.5
45 weaathered mudstone; Partially Weathered Rock J
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Buxton Environmental, Inc.

Consuiting Serylees -
= 1101 South Bivd., Suite 101

Charlotte, North Carolina 28203

Boring Log, PZ-19

Ph (704) 344-1450 Fax (704) 344-1451
bl:xmncnv@belIsoulhﬂ;el (Page 1of 1)
Sanford Mine Reclamation Site Date Started: . 8/29/14 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 1 812914 Drilling Method: : HSA; Geoprobs 7822
Sanford, North Carolina Drilling Company: : Environmental Drilling & Probing Top-of-Casing Elev.:  : (Lawrence Survey)
Drilters Name: Tommy Bolyard Ground Surface Elev.: @ 285 99'(Lawrence Survey)
NC Driller Certification: : 3307 Natural, Cut, Fill Grade: : slight cut
Water Levels Sample Type
. % g _W¥ 1 Hour=1100"bgs S8 = Split Spoon
% % % g || =2 24Hous=5750gs ST = Shelby Tube
£ 57} =1 i RC = Rock Core Well: PZ-19
:S': 5 I f BAG = Bag Sample TOC Elev.:
< = Q a | 2 Cover
B = 2 E 8 ] . o ——
2 2 21 a8 Lithologic Description ’—
—t 265.99 6" Dia. Hollow-Stem A
e § ss | 24 | wet; medium; light brownish gray (10YR 6/2) with light orange 7 7 Boring Hae
motlles; silty clay; medium plasticity; cohesive; Soil Horizon A / /
| / / Grout
N i ss | 18 | wet; soft; light brownish gray (10YR 6/2) with light orange / /
5 26(x99 mottles; silty clay; medium plasticity; cohesive; Soll Horizon

2 ) toler / .«5 ?

I / ,/ Casing (2" Dia. Sch. 40 PVC)

b %§ ss | 17 | moist; hard; yellowish brown (10YR 5/4); medium horizontal / /
10—} 255.99 fissle; clayey silt; no plasticity; cohesive; Residuum y / /

: . Bentonite Seal

o 36? sS | 24 | moist; very hard; yellowish brown (10YR 5/4) with black i
15— 250.99 | 50/4" manganese planes; medium horizontal fissle; clayey silt; no B

i lasticity; cohesive; Residuum / i|=

] H| {2 ilica Sand Pack

7 58/% Ss 10 | dry; very hard; brown (10YR 6/3), m‘grw ho;‘izo:m(t’za'l2 i / | Screen (10' secti

— fissle; weathered mudstone; Partially Weathered Roc B ion

20 _ 245.99 to any H| | of 2" Dia. Sch. 40 PVC)

= jﬂ ss | 12 | wet; very hard; reddish brown (5YR 4/3); medium horizontal =
25— 240.99 [0  fissle; weathered mudstone; Partially Weathered Rock J 2 -~ Total Depth (bgs.) = 24.70

30— 235.99
b

35— 230.99

40— 22599




Buxton Environmental, Inc.

Conzulting Servises

1101 South Blvd., Suite 101

Chartotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-20
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Sanford Mine Reclamation Site Date Started: : 8/29/14 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: . 8/29/14 Drilling Method: : HSA,; Geoprobe 7822
Sanford, North Carolina Drilling Company: : Environmenlal Drilling & Probing Top-of-Casing Elev:  : (Lawrence Survey)
Drillers Name: : Tommy Bolyard Ground Surface Elev.: :288.51'(Lawrence Survey)
NC Driller Certification: : 3307 Natural, Cut, Fill Grade: : natural
* Water Levels Sample Type
. Z % _W_ 1 Hour = 24.00' bgs S5 = Spiit Spoon
& E 3| g | 2| 2 2erous=12440s ST = Shelby Tube
5| £ 2| 2 |& RC = Rock Core Well: PZ-20
@ S 3 5 e BAG = Bag Sample TOC Elev.:
c % © s | 3 Cover
B > 2 13 8 T logic D ipti l_'ﬁ
2 2 2l e g Lithologic Description
— 28B. = . 6" Dia. Hollow-Stem A
0 ] 2973 51 § ss | 24 | moist; medium; Red (2.5YR 4/6) with yellow mottles; fine sandy V / Eori «Ixag ol t uger
AN silty clay; low plasticity; cohesive; Soil Horizon ’ / /
9 Tae- / / Grout
- § ss | 24 | moist; stiff; red (2.5YR 4/6) with yellow mottles; fina sandy silty / /
5—- 291.51 clay, low plasticily; cohesive; Soil Horizon o / /
i / ,/ Casing (2" Dia. Sch. 40 PVC)
7 g ss | 20 | moist; stiff, red (2.5YR 4/6) with yellow motties; mica sandy / /
10— 286.51 silly clay; low plasticity; cohesive, Soil Horizon y

i Bentonite Seal

=

138413 - —— :

- ; ss | 18 | very moist; stiff, weak red (10R 4/4) with white and light gray
15— 281.51 specks; phyllite and quartz graveily sandy siity clay; no plasticity;

] cohesive; Residuum

o #2 Silica Sand Pack

50/3" 85 135 :

& dry; very hard; weak red (10R 4/4) with white and light gray i ;

20— 276.51 specks; weathered mudstone; Partially Weathered Rock / 4 %?rg?gig.osgﬁ?ggnpvc)

. 0”85 T8 {\wet: very hard; red (10R 4/6); highly horizontal fissle; mica (] _ ,
261 271.51 \sandy clayey silt: no plasticity; cohesive: Partially Weathered Rock / Total Depth (bgs.) = 24.50
30— 266.51
35— 261.51
40—~ 256.51
45—
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Chapter 9

Young’s modulus of soil, E;, and the constrained modulus of soil, M, where E, and D,

are related through Poisson’s ratio of soil, v, by

ie
|

X
]

The studies and analyses by Neilson (1967), Allgood and Takahashi (1972), and
Hartely and Duncan (1987) indicated that for

the value of k may vary from 0.7 to 2.3. Using k = 1.5 as a representative value and
v, = 0.3, in addition to combining Equations 9.27 and 9.28 yields the following rela-
tionship between the elastic modulus of the pipe and soil (Selig, 1990):

M, =

Leachate Collection and Removal Systems

Es'(]- - vs)

E =k-M,

E' =2-E,

T @+ v)A - 20w

= constrained modulus of soil, Ib/ft?> or kN/m?;
= elastic modulus of soil, Ib/ft? or kN/m?; and
Poisson’s ratio of soil.

ATTH B

0.27)

(9.28)

(9.29)

The values of elastic parameters, E and v,, can be found in Table 9.5 according to dif:

ferent percents of density from a standard Proctor compaction test (ASTM D698).

Eam——

TABLE 9.5 Elastic Soil Parameters (Selig, 1990)

eee—

85% Standard Density

95% Standard Density
L ———

Soil e
v Stress Level E, E,
psi kPa psi MPa v psi Eﬁi—/
1 7 1,300 9 0.26 1,600 11 .
5 35 2,100 14 0.21 4,100 28
10 70 2,600 18 0.19 6,000 41
SW, SP, GW, GP 20 140 3,300 23 0.19 8,600 59
40 280 4,100 28 0.23 13,000 90
60 420 4,700 32 0.28 16,000 110
1 7 600 4 0.25 1,800 12
5 35 700 5 0.24 2,500 17
GM, SM, ML, and 10 70 800 6 0.23 2,900 20
GC, SC with < 20% fines 20 140 850 6 0.30 3,200 22
40 280 900 6 0.38 3,700 25
60 420 1,000 7 0.41 4,100 28
1 7 100, 1 033 400, 3 i
5 35 250 2 0.29 800 6 [
10 70 400 3 0.28 1,100 8
i .CL,MH, GC, §C 20 140 600 4 025 1,300 9 2
. L 40 280 700 5 0.35 1,400 10 %
60 420 800 6 040 150 10 =
$ Bia s Rel. 3

%7

Section ¢

W) (=AST

9.4.2 Pipe Wall Buckling

Buckling can occur
flexible pipes subject
pressures in compaci
conduit (e.g., high v
resisting buckling.
Most conduits

resistance. An exact
elastic medium entai
of uncertainties in t
solution is not neces!
cal formula for comg

Where,

P, = critical

E' = modul

u = Poisso

E = modul

I = mome:

in*/in :

r = mean.

Because I = £,

where
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Stability

Slope Stability Analysis
Final Cover Veneer Stability (Options 1 and 2)
Operational Cover Veneer Stability
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| Job No. 453925-235691-018

HDR Computation
|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Slope Stability Analyses |Sheet: 1|0f: 3
Objective:

Evaluate the slope stability of the proposed coal ash structural fill. Evaluate both global stability of the foundation soils, the stability of the structural
fill ash slope, and the sliding block stability of the ash along the bottom liner system using PCSTABL 5M and the STEDwin editor (Ref. 3).

References:

1. Naval Facilities Engineering Command (1986). Design Manual 7.01 - Soil Mechanics.

2. Bowles, J.E. (1984). Physical and Geotechnical Properties of Soils. McGraw-Hill.

3. Van Aller, H.W. (1999 - 2013). STEDwin 2.88 (32 bit), The Smart Editor for PCSTABL 5M. Annapolis Engineering Software.
4. Naval Facitities Engineering Command (1982). Design Manual 7.02 - Foundations and Earth Structures.

5. Koerner, G.R. and D. Narejo (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces. GRI Report #30.
Steps:

1. Estimate subsurface conditions beneath the structural fill using soil boring logs provided by Buxton Environmental, Inc. (see Attachment A). Based
on the boring logs, the typical soil profile for the site consists of approximately 5' soil horizon consisting of medium silty and clayey soils underlain by
approximately 10' of stiff residuum. Hard partially weathered rock (PWR) underlies the residuum. For the purposes of global stability, it is assumed
that failure surfaces will not penetrate the PWR. The estimated intervals of the soil horizon, residuum, and PWR are shown in Attachment A.

2. Estimate the coal ash parameters for input into PCSTABL 5M using physical characterization testing information provided by Charah for samples
obtained at the Riverbend Steam Station. This testing information, performed by Geotrack Technologies, Inc., is provided in Attachment B. An
estimate of the compacted unit weight (y) of the ash was obtained based on the results of a standard Proctor test assuming the material would be
placed at maximum dry density and optimum moisture content. Total and effective stress strength properties of the coal ash were obtained from the
Triaxial Shear Test reports provided in Attachment B. The total stress parameters are applicable for undrained conditions when loading occurs over a
relatively short time which leads to the development of excess pore water pressures within the ash. The effective stress parameters are applicable for
drained conditions when loading occurs over a sufficient amount of time to allow excess pore water pressures to dissipate. Since typical hydraulic
conductivity values for fly ash generally range between 1x10-4 to 1x10-5 cm/sec, it is not clear whether undrained or drained conditions will develop
within the ash therefore both sets of parameters were analyzed. The assumed values for unit weight (y), friction angle (¢), and cohesion (c) for the ash
are provided below:

Compacted Ash (Total Stress): y = 83.8 pcf, @ =8°, c = 4,300 psf

Compacted Ash (Effective Stress): y = 83.8 pcf, ¢ =22°, ¢ = 2,600 psf

3. Estimate foundation soil parameters for input into PCSTABL 5M. Use Ref. 1 to correlate y based with soil type (see Attachment C). From
information provided in soil borings (Attachment A), which includes geotechnical laboratory classification data, use Attachments D and E to correlate
total and effective stress parameters for the soil horizon and residuum, respectively (see Ref. 2). Note that in Attachment D, c = 1/2 q, where q, is the
unconfined compressive strength of the soil. Since the PWR at the site is classified as "hard" with blowcounts generally in excess of 50/6in, it is
assumed that failure surfaces will not enter the PWR and therefore parameters were not assigned to this layer. Since the foundation soils are generally
fine grained at the site, it is not clear whether undrained or drained conditions will develop within the soils, therefore both sets of parameters were
analyzed. The assumed values for unit weight (y), friction angle (¢), and cohesion (c) for the foundation soils are provided below:

Soil Horizon (Total Stress): y = 120 pcf, ¢ =0° , c = 470 psf

Soil Horizon (Effective Stress): y =120 pcf, =31°,c=0

Residuum (Total Stress): y =130 pcf, ¢ =0° , c = 1,045 psf

Residuum (Effective Stress): y = 130 pcf, ¢ =32°, ¢ =0 psf

4. Estimate soil parameters for the compacted soil berm that will be constructed along the perimeter of the structural fill. Assume on site soils
consisting of predominantly clayey and silt soils will be used. Use Attachment F (Ref. 1) to obtain obtain estimated strength parameters and
Attachment C to estimate y as shown below:

Compacted Clayey Fill: y =125 pcf, ¢ =28°, c = 1,800 psf



| Job No. 453925-235691-018

HDR Computation
|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Slope Stability Analyses |Sheet: 2|0f: 3

5. Estimate soil parameters for the final cover soils. Since a variety of soils may be used for final cover and considering that a high degree of
compaction of the final cover probably can not be achieved without the risk of damaging the underlying geomembrane, conservatively assume the
following parameters:

Final Cover soils: y =120 pcf, @ =30°, ¢ =0 psf

6. Determine critical liner interface for sliding block analyses. A detail of the proposed liner system is provided below. Determine typical interface
strength parameters for each interface based on Attachment G (Ref. 5) for each interface as shown below. Use peak parameters which are appropriate
to use before failure initiates. Based on this information, the critical (i.e. lowest strength) interface is between the textured 60 mil HDPE geomembrane
and the saturated cohesive soil. Therefore, use these parameters for the critical interface.
o e o Geocomposite/Granular Soil Interface: ¢ =33°,¢c=0

- Critical > Geocomposite/Textured HDPE Interface: ¢ =26",c=0

A Textured HDPE/Saturated Reinforced GCL: ¢ =23°, ¢ =167 psf
& g Saturated Reinforced GCL/Saturated Cohesive Soil: ¢ =29°,c=0
*:J‘:"“_'-l.l-’

LINER SYSTEM £

e =

7. Determine most critical cross-section for stability analysis. Factors to consider include proposed ash height, liner slope, foundation conditions,
perimeter berm height, and water table location. Using this criteria, a critical stability section was selected along the northern side of the structural
fill. The location of this section is shown superimposed on the Basegrade Plan (Attachment H), the Proposed Final Closure Plan (Attachment 1), and a
groundwater contour map (Attachment J). This section (north slope) represents the greatest depth of waste that will be placed and therefore the
greatest amount of driving forces leading to potential failure. The section also represents an area where the perimeter berm will be constructed above
existing grade and therefore there will be less buttressing effect at the toe of the slope.

8. Determine the peak ground accelleration for the site for use in the seismic stability analyses. From Attachment K (Ref. 6), the estimated peak
ground acceleration for the site with a 2% probability of exceedance in 50 years (equivalent to 10% probability of exceedance in 250 years) is 0.09g.
This values was entered as a horizontal pseudo-static coefficient in the PCSTABL 5M seismic analyses.

9. Using the information developed in Steps 1 through 7, input the data into PCSTABL 5M using the STEDwin editor (Ref. 3). Evaluate the both the
global stability of the foundation soils beneath the structural fill as well as the stability of the ash slope and sliding block failure along the bottom liner
system.

Results/Conclusions

Plots showing the output results from the PCSTABL 5M analyses for the global, ash slope, and sliding block stability under both static and seismic
conditions are attached to this calculation. The minimum factors of safety are summarized in the table below. The most critical analysis was for the
sliding block failure along the bottom liner system under effective stress conditions with factors of safety of 4.33 and 3.03 for static and seismic
conditions, respectively. The generally accepted minimum static and seismic factors of safety for landfill stability are 1.5 and 1.0, respectively. Since
the calculated factors of safety exceed the minimum acceptable, the proposed structural fill is adequately stable.

Since the interface shear strength parameters for the liner system components can vary significantly based on soil and product properties, it is helpful
to determine the minimum ¢ value required for the interfaces to achieve an adequate factor of safety. The last two plots show the minimum ¢
required to achieve factors of safety of 1.5 and 1.0 for static and seismic analyses, respectively. The plots show that along the critical cross section,
very little friction is required along the bottom liner interfaces due to the buttressing effect of the perimeter berm. Due to variations of slope along the
structural fill liner system and temporary loading conditions during filling, however, it is recommended that a minimum bottom liner interface ¢ of 26
‘be required. This requirement should be confirmed by project specific interface shear strength testing.



| Job No. 453925-235691-018

HDR Computation
|Project: Charah Colon Mine |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Slope Stability Analyses |Sheet: 3|0f: 3
Analysis Static FS Seismic FS

Global/Static/Total Stress 4.72 3.21

Global/Static/Effective Stress 4.95 3.49

Ash Slope/Static/Total Stress 4.50 3.08

Ash Slope/Static/Effective Stress 5.20 3.69

Sliding Block/Static/Total Stress 5.02 3.55

Sliding Block/Static/Effective Stress 4.33 3.03 &Critical Analysis

Minimum ¢ Required for Static FS = 1.5 0°

Minimum ¢ Required for Seismic FS = 1.0 0°
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ATTALINMENT A

e

Buxton Environmental, Inc.

Congulting Services

1101 South Blvd., Suite 10(

Charlotte, North C arolina

Ph (704) 344-1450 Fax (704) 344-1451

buxtonenv@bellsouth.net

28203

Boring Log, PZ-1

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 7/15/14 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: L 7115/14 Drilling Method: 1 HSA; CME-45C
Sanford, North Carolina Drilling Company: Red Dog Drilling Top-ol-Casing Elev..  : 269.36'(Lawrence Survey)
Drillers Name: - Mark Seiler Ground Surface Elev.: : 266.78'(Lawrence Survey)
NC Drilter Certification: : 2789A Natural, Cut, Fill Grade: : Fill (road bed)
w Water Levels Sample Type
_ % %’ _W_ 1 Hour=18.17" bgs S8 = Split Spoon
28 = £ —~ | 7 24 Hours =8.89 bgs ST = Shelby Tube
o > ©® g | E
5 €[22 2| RC = Rock Core Well: PZ-1
é S g’ & “S BAG = Bag Sample TOC Elev.(:; 269.36
= 5 = over
= 3 —— — —5
§ u&j 2 § § Lithologic Description ’—
" | ot 2e678 6" Dia. .
0 | %qé ss | 14 | dry; very hard; red (2.5YR 4/6) with brown mottles; fine to carse /77 ;/ aoEi).'-.ag Hollow-Stem Auger
il sandy silty clay with brick gravel fragments; cohesive; medium
1 67 \plasticity; Fill Bag CL / /// ?
F, n 5_-_ 261.78 g ss | 1 | moist; very stiff; reddish brown (2.5 YR 4/3) with orange and // //
v : yellow mottles and black vertical stringers; quartz gravelly silty //
¢ 7 1 clay; high plasticity; cohesive; Fill L / / //
i /y/ ? Casing (2" Dia. Sch. 40 PVC)
. _'_ ss | 18 | moist; stiff, reddish yellow (5YR 6/6) with white and rust motties 1
“¢ | 10— 256.78 é and stringers; silly clay; medium plasticity; cohesive; Fill £y, y ? ;
N X
. 5 / /Grout
< v 1 — s¢/ar|_SS_| 10 | moist; very hard; yellowish red (5YR 4/6) with black stringers;
e ; horizontal fissle; very fine mica sandy silty clay with large quartz Bentonite Seal
Fivpl § \gravel; low plasticity; cohesive; Partially Weathered Rock /
20 -:_ 24678 507/4" SS,BAG| 8 | dry; very compact, red (2.5YR 4/6); clayey silty medium sand; no
: plasticity or cohesion; Partially Weathered Rock; (Lab Resuits:
i PZ-1 Bag (19-20'); USCS=5C, Gravel=12.1%; Sand=58.9%;
- Silt=22.7%; Clay=6.3%, Effective Porosity=26%; Atterberg Limits:
. PL=17, LL=29, PI=12) —{#2 Silica Sand Pack
5 5_-_ 24178 s¢/h» BS. BAG 10 | dry; very compact; weak red (2.5YR 4/6) with white mottles and HScreen (10' section
: specks; horizontal fissle; quartz gravelly clayeysilt; low plasticity; 1| of 2" Dia. Sch. 40 PVC)
y cohesive; Partially Weathered Rock; (Lab Résuils: PZ-1 Bag
E (24-25"); USCS=CL,; Sand=38.9%; Silt=47.1%; Clay=14.0%,
| Effective Porosity=15%; Atterberg Limits: PL=17, LL=30, PI=13)
30| 236,78 | 2% =" wet; weak red (10R 4/4); weathered mudstone with quariz and ~—{Total Depth (bgs.) = 20.55'
' \phyllite gravel; Partially Weathered Rock f
. Auger Refusal @ 30'
35— 231.78
40— 226.78
45—




FN
mir

Buxton Environmental, Inc.

Cousulung Services
1101 South Bivd.,

Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtoncnv@bellsouth.net

Suite 101

Boring Log, PZ-2s and 2

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 1711514 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1 7118/14 Drilling Method: ' HSA; CME-45C
Sanford, North Carolina Drilling Company: . Red Dog Drilling Top-of-Casing Elev.: :276.93'/276.84'
Driflers Name: - Mark Seiler Ground Surface Elev.: : 274.31'
NC Driller Gertification: : 2789A Natural, Cut, Fill Grade: : Fill {road bed)
" Water Levels Sample Type
_ - g _W_ 1 Hour = dry/16.10" bgs SS = Spiit Spoon
§' bis £ g | o | Sz 24Hours = diy11.84 bgs ST = Shelby Tube Well1: PZ-2s
3 g |8 > € RC = Rock Core Well2: PZ-2
& c a s |2 BAG = Bag Sample TOC Elev,;
= g g § g Zany Cover
gl 3 |&8|la|g Lithologic Description o
0—r 274.31 —6" Dia. Hollow-
| E sS | 21 | dry; compact; reddish yellow (7.5YR 6/8); horizontal fissle; Boring " Stem Auger
clayey silt with gravel and brick fragments; no plasticity or Grout
i ¥ cohesion; Fill M 1§
- ot |
i Bentonite Seal
5—+ 269.31 184 ss | 20 | maist; very stiff; brown (10YR 5/3) with gray and white u ;
‘ 18 mottles; quartz gravelly fine sandy clayey silt with roots and H
] v organic odor, low plasticily, cohesive; Fill ., jy. B
I | ~{#2 Silica Sand Pack
46 264 31 g S8, |20,24 moist; stiff; brownish yellow (10YR 6/6) with light gray and H Sscgﬁ‘-“’;‘{ﬂ:‘{,g)“"°" of 2" Dia.
' light orange mottles; coarse quariz sandy clayey silt; low ) = g ’
7 v plasticity; cohesive; Flood Plain; (Lab Results: PZ-2 UD (9-11'); (e 5 | = | S
e USCS=CH; Gravel=2.1%,; Sand=15.3%; Silt= 40.2%; “|—H[==+{Casing (2" Dia. Sch. 40 PVC)
- Clay=42.4%; Specific Gravity=2.66" Hydraulic Conductivity= o I | = |
| 6.23 x 10-5 cm/sec; Total Porosity=40.7%; Effective o i -
=29/ - 3 . - =6 Pl=" / = | E
ol BT som | ss |12 h‘ orosity=2%; Atterberg Limits: PL=25, LL=50; P|=25) —[Total Depth (bgs.) = 14.85
= dry; very hard; yellowish red (5YR 4/6) with black manganese '
= horizontal planes between fissle layers; clayey silt; low ;
J lasticity; cohesive; Partially Weathered Rock Borttonite:Seal
;_ ] ss | 16 | moist; hard; red (2.5YR 5/6) with yellow stringers; silty clay; (* ;
20— 254.31 2% low plasticity; cohesive; Residuum (L ) A
i % 5
] | ~{#2 Silica Sand Pack
L | ss | 18 | moist; hard; reddish brown (2.5YR 5/4) with light green gray 4|2 | R : , i
25— 249.31 §§ and black stringers; horizontal fissle; fine sandy clayey silt; H SScrﬁen (10" Section of 2" Dia.
. 5S¢ low plasticily, cohesive; Residuum 1) s ch. 40 PVC)
= vy =
7 7 . : — : = E
I} 55,8AG 14 | wet; very hard; red (2.5YR 4/8); silly clay; low plasticity; -]
30— 244.31 5%?2 cohesive; Partially Weathered Rock; (Lab Results: PZ-2 Bag Total Depth (bgs.) = 30.10
) (29-30.5"), USCS=CL,; Sand=2.2%; Silt=70.7%, Clay=27.1%;
- ffective Porosity=4; Atterberg Limits= PL=22, LL=43, PI=21)
: Auger Refusal @ 30.5'
35— 239.31
40— 234.31




Bux;oq Environmental, Inc.
6& Causulting Services Boring Log, PZ'BS and 3

(101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451

buxtonenv@betlsouth.net (Page 1of 1)

Sanford Mine Reclamation Site Date Started: 1716114 Logged By: : Ross Kiingman, P.G.
1303 Brickyard Road Date Completed: 1 7/16/14 Drilling Method: 1 HSA; CME-45C
Sanford, North Carolina Drilling Company: : Red Dog Drifling Top-of-Casing Elev.:  :299.12'/299.29'
Driflers Name: : Mark Seiler Ground Surface Elev.: :296.20'
NC Driller Certification: : 2789A Natural, Cut, Fill Grade:: slight cut
5 Water Levels Sample Type
. -’-‘; g _W_ 1 Hour = dry/36.11'bgs S5 = Split Spoon
@ % & | o | 2| = 20Hous=dymosrbgs ST = Shelby Tube Well1: PZ-3s
2l £ |2| 5|E RC = Rock Core Well2: PZ-3
£ kS é 5] 5 BAG = Bag Sample J1QC Elev™ Eolen
£ ® a >
B 5 z 3 . . L
gl & 2 § 8 Lithologic Description ]
S " [ o+ 2082 : . o 6" Dia. Hollow-
I é §8,ST [16,24] moist; stiff; yellowish red (SYR 5/6) with light gray and orange { Eorir'tg OliSH=SIEmATIgoT
\ yellow mottled; fine to coarse sandy gravelly clayey silt; low 4
‘o i ‘)} I plasticity; cohesive; Soil Horizon; (Lab Results: PZ-3 UD (0-2'); L
= L USCS=CL; Sand=6.7%; Silt=52.8%; Clay=40.5%, Specific C L
Gravity=2.67; Hydraulic Conductivity=2.42 x 10-6 cm/sec; q
d Grout

P, 5_-_ 2912 Z ss | 14 ||Total Porosity=39.3%; Effectuve Porosity=2%; Atterberg

E NN\
£l AN\

1]1, imits: PL=27, LL=48, PI=21)
b ] \ ]
- moist; very sliff; red (2.5YR 4/6) with white and brown ) 4
- specks; clayey fine to coarse sandy and gravelly silt; no mp ’
v d lasticity; cohesive; Residuum
M4 % | ss |14 : /
102862 | ] dry; hard; reddish brown (2.5YR 5/4) with light orange and /) } Bentonite Seal
. )~ aroon mottles; clayey silt; no plasticity; cohesive; Residuum /
| —1 Casing (2" Dia. Sch. 40 PVC)
:»---"—_"-l-_,« ET LV‘
15— 2812 é‘% ss | 18 | moist; very hard; red (10R 5/6) with maroon mottles and :
: < | 50" vertical manganese fracture planes; clayey silt; no plasticity; N
Por | cohesive; Partially Weathered Rock / -#2 Silica Sand Pack

{EH=—{screen (10" Section of 2" Dia.
{H - |'scn.a0Pve)

- 1 762 | [T dry; very hard; reddish brown (2.5YR 5/4) with olive green
: and white specks; fine to medium sandy silt with rock
fragments; no plasticily; cohesive; Partially Weathered Rock

i :
| . —Total Depth (bgs.) = 23.45
7 50/8" | 5% g : - =
L dry; very compact; reddish brown (2.6YR 5/4) with white and :
25— 271.2 green specks; medium horizontal fissle; silly fine to coarse Bentonite Seal
y sand with gravel; no plasticity or cohesion; Partially
- {Weathered Rock

30—} 2662 |7 [FE5——"—{ dry; very hard; weak red (10R 5/3); highly horizontal fissle;

: \fine mica sandy silt; no plasticity; cohesive; Partially / Bsil
Weathered Rock “ =J#2 Silica Sand Pack

Screen (10" Section of 2" Dia.

o n

. | sch. 40 PVC)
35 _:_ 261.2 SR FS HAQ_E 1 moist; weak red (10R 4/3) with green, yetlow and black .
’ specks and mottles; slightly clayey silty fine to coarse sand
T with phyliite gravel; no plasticity or cohesion; Partially : i
. Weathered Rock; (Lab Results: PZ-3 Bag (34-34.5'), is————Total Depth (bgs.) = 37.05

USCS=SM; Gravel=12.8%; Sand=59.7%; Silt and Clay=27.5%,
ffective Porosity=30%)

40— 256.2 Auger Refual @ 38'




Bux;on Environlnental, Inc.
% Gonguluog Seryices Borlng Log’ PZ_4

1101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451

buxtonchv@bellsouth.net (Page 1of 1)

“q Cover

Lithologic Description

Sanford Mine Reclamation Site Dale Started: : 7/16/14 Logged By : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 1711614 Drilling Method: : HSA; CME-45C
Sanford, North Carolina Drilling Company: : Red Dog Drilling Top-of-Casing Elev:  : 299.50'(Lawrence Survey)
Drillers Name: : Mark Seiler Ground Surface Elev.: : 296.82'(Lawrence Survey)
NC Driller Certification: . 2789A Natural, Cut, Fill Grade: : slight cut
" Water Levels Sample Type

Z £ W 1 Hour =dry §S = Split Spoon

. “'T"; 7 24 Hours = 33.22' bgs ST = Shelby Tube

g g RC = Rock Core Well: PZ-4

5 ] BAG = Bag Sample TOC Elev.: 299.50

2

B

w

Recovery (in.)

6" Dia. Hollow-Stem Auger
Boring

o |Depth (feet bgs.)

[ 296.82 moist; stiff; brownish yellow (10YR 6/8); fine to coarse sandy

clayey silt with gravel, low plasticily; cohesive; Soil Horizon  /V] H A

-
»

—. txnnd | Blow Co

p’!oisl: stiff; brownish yellow (10YR 6/8) with rust mottles; silty

lay; low plasticity, cohesive, Soil Horizon; (Lab Results: PZ-4 £l
%gg (4-5.5"), USCS=CH;, Sand=3.0%, Silt=50.9%; Clay=46.1%)" r
Effective Porosity=2%; Atterberg Limits: PL=27, LL=60, PI=33)

Casing (2" Dia. Sch. 40 PVC)

[l
-

o
[
E
&
w s
78 S 2o |Sampler Type
|
>

: Grout
10~} 286.82 8 ' 18 | moist; very stiff; red (2.5YR 4/8) with olive green, rust, light gray
) 12 and light purple mottled; gravelly clayey silt; no plasticity; cohesive;
1 i \Residuum Navt /
- L] E j 'lr-

3 5_'_ 28182 58| SS | 12 | dry; very hard; weak red (2.5YR 5/2) with light green specks;
: medium horizontal fissle; silt; no plasticity; cohesive; Partially /
Weathered Rock

75 1 276.82 s6%| SS | 12 | dry; very hard; weak red (2.5YR 5/2) with white stringers and
N : vertical black manganese fracture planes; silt; no plasticity;
= cohesive; Partially Weathered Rock /

Bentonite Seal

E _ NNNNNNNNNRNNNNNNNNNN
£ NNNRNNNNNNNNNNNNNNN

25— 271.82 5(‘%- 58, BAG 15 | moist; very hard; red (2.5YR 4/6); highly horizontal fissle;

' very slightly clayey silt; no plasticity; cohesive; Partially Weathered
. Rock; (Lab Resulls: PZ-4 Bag (24-24.5'), USCS=CL,
5 Sand=21.0%; Silt=61.6%, Clay=17.4%; Effeclive Porosity=11%;
tterberg Limits: PL=16, LL=31, PI=15)

I .| 88 |20 ist: : i i
| 266.82 58/42 moist; very hard; weak red (10R 4/2) with white, black and yellow 442 Sitica Sand Pack

30 specks and stringers; medium horizontal fissle; slightly clayey silt; 5
1 no plasticity; cohesive; Partially Weathered Rock = | S X .
= i-=—{Screen (10' section
- |i| | of 2" Dia. Sch. 40 PVC)
i b | = | B
] | 50/0" [—8S ) =
35| 261 82 \No Recovery —
I A Refusal @ 36.7" -
] uger Refusal @ Total Depth (bgs.) = 36.70

40— 256.82




Buxton Environmental, Inc.
Cousulting Serviges S
1101 South Blvd., Suite 101

Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-145|
buxtonenv@bellsouth.net

Boring Log, PZ-4D

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 7116/14 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 7/16/14 Drilling Method: : HSA; Geoprobe 8040DT
Sanford, North Carolina Drilling Company: Geaologic Exploration Top-of-Casing Elev.:  : 299.76'(Lawrence Survey)
Drillers Name: Johnny Burr Ground Surface Elev.: : 287 25'(Lawrence Survey)
NC Driller Certification: : 3098A Natural, Cut, Fill Grade: : slight cut
v Water Levels Sample Type
_ é £ _¥_ 1 Hour=dry $S = Split Spoon
ﬁ’ % E g |=| = = Hours = 35.00' bgs ST = Shelby Tube
| € [2] 2| RC = Rock Core Well: PZ-4D
= ® o 2
5. > 3 £ ; g . Cover
2 2 2l s d§: Lithologic Description f 1
0—-297.25 7 p—A10"Dia. H -
. Advance 10" diameter Hollow-Stem Augers from 0-35' / / boring';a CHOWSISMTGITT
5 See Boring Log PZ-4 for lithologic information from 0-36.5' / /
5—292.25 / , )
- / o Casing (2" Dia. Sch. 40 PVC)
10—} 287.25 / /]
I / ésmut
15— 282.25 ? /
20~} 277.25 ? ?
25— 272.25 ? ?
30—} 267.25 ? ?
35— 262.25 L £k 56 Dia. Mud Rotary Bore
g \Auger Refusal @ 35' A
] Advance 5 5/8" diameter mud-rotary drilling from 35-45',
4 (layered rock and soil from 35-42'; moderately competent rock Grout
40—} 257.25 from 42-45')
i 3 5/8" Dia. HQ Rock Core
i Bentonite Seal
45— 252,25 .
i Advance HQ rock core (3 5/8" outer diameter) from 45-55' | <-#2 Silica Sand Pack
by *1st Run from 45-50' (23.5" Recovery; RQD=39.2%; Rock Mass g Screen (5' secti
0124725 Quaility=Paor) T o D sotion PVC)
| = Total Depth (bgs.) = 52.00'
- Upper 8" core (blocky mudstone with healed 80 degree pth (bgs.)
551 242 25 fracture; grading downward to muddy coarse sandstone)
il Lower 14.5" core (muddy sandy conglomerate; consiting of
B horizontally oriented rounded phyllite discs and rounded quartz
60—} 237.25 gravel)
- *2nd Run (50-55") (45" Recovery; RQD=23.3%; Rock Mass
- Quality=Very Poor)
55‘:' 232.25 Broken conglomerate as above (4" total length); grading
- downward into blocky mudstone with horizontal fractures every
- 1.5 to 5" (37.5" total length); grading downward into muddy
70 ] coarse sandstone (3.5" length lotal)




1527411 33 | SS | 18

moist; very hard; red (2.5YR 4/6); medium horizontal fissle; clayey
silt; low plasticity, cohesive; Residuum ALl
'

Buxl_:on Environmental, Inec.
52 T%krlgltlﬁntﬁwé‘i?d. Suite 101 Bonng Log! PZ_5
Chartlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
hu‘xmncnv@belIsoutl:ﬁet (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 1TM7M4 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: (TNTM4 Drilling Method: : HSA; CME-45C
Sanford, North Carolina Drilling Company: * Red Dog Drilling Top-of-Casing Elev..  : 291.66'(Lawrence Survey)
Y,
Drillers Name: Mark Seiler Ground Surface Elev.: : 289.11'(Lawrence Survey)
NC Driller Certification: . 2789A Natural, Cut, Filt Grade: : slight cut
" Water Levels Sample Type
~ 7—&,‘\ g _W_ 1 Hour = 33.10' bgs SS = Split Spoon
B - “‘:; o | —~ | 52 24Hours =26.06' bgs ST = Shelby Tube
| € || 2|& RC = Rock Core Well: PZ-5
8| s 3l % |3 BAG = Bag Sample TOC Elev.c:: 291.66
< 5 = 2 over
a > z € | 8 . . — —
2 & 2l s |& Lithologic Description
0— 28D.11 6" Dia. -
_ 4 ss 16 | moist; stiff; yellow (10YR 7/8) with light orange mottles; siity clay; ‘e 7 // Eoﬁ;% Hollow-Stem Auger
L medium plasticity, cohesive; Soil Horizon y /
Cv IR s
1 |9 1 1
5—- 284.11 3 §s | 19 | wet; stiff, red (2.5YR 5/6) with yellow and light gray mottles; siity / /
1 5 clay, low plasticity; cohesive; Soil Horizon yi- A / L/ . .
. . 9 \ g / Casing (2" Dia. Sch. 40 PVC)
- ST 24 | moist; red (2.5YR 4/6); clayey silt and silty clay; low plasticity; Grout
| cohesive; Residuum; (Lab Results: PZ-5 UD (6-8"); USCS=CL,; . /
—_— i Sand=2.2%; Silt=62.1%; Clay=35.7%; Specific Gravity=2.69, Lk /]
18 [ s | 15 NHydraulic Conductivity=2.43 x 10-7 cmi/sec; Total Porosity=30.6%; ‘
10127911 57 Effective Porosity=2%; Atterberg Limits: PL=26, L1 =48, Pi=22) ?
" o B | /
A moist; very hard; red (2.5YR 4/6); medium horizontal fissle; clayey /
) gl ilt; low plasticity; cohesive; Residuum il
W\\ H’ L /

i

[ 20126941 40—

moist; very hard; weak red (10R 4/3) with dark gray mottles;
blocky horizontal fissle; silty clay; no plasticity; cohesive; Partially
Weathered Rock

Benlonite Seal

i ANNNNNNNNNNAY

50/6" S5 T4

moist; very hard; red (10R 4/6); highly horizontal fissle; slightly

25-Tr 264.11 \cfayey silt; no plasticity; cohesive; Partially Weathered Rock

30— 259.11

i | 50/8" |SSBAGI 8§
35— 254.11
40— 249.11

5= #2 Silica Sand Pack

—{Screen (10' seclion

50/2" |85 +]

moist; very hard; red (10R 4/6) with gray pods; highly horizontal
fissle; slightly clayey silt; no plasticity; cohesive; Partially
Wealhered Rock

- | of 2" Dia. Sch. 40 PVC)

'_lJ'Il'lhlll=||li]]l|llll

Tl -ITotal Depth (bgs.) = 33.80"

wet; very hard; red (10R 4/6) with gray pods; highly horizontal

fissle; slightly clayey silt; no plasticity; cohesive; Partially

Weathered Rock; (Lab Results; PZ-5 Bag (34-34.5'); USCS=CL;

Sand 13.7%; Silt=73.6; Clay=12.7%,; Effective Porosity=8;
tterberg Limits: PL=20, LL=32, PI=12)




Buxton Environmental, Inc.
Consulting Sgivices .
f 52 1101 South Bivd., Suis 101 Boring Log, PZ-6
Charlottc, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
bL::\‘toncnv(il)bcllsoulh.:(m(t 4 (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 717114 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 717114 Drilling Method: . HSA; CME-45C
Sanford, North Carolina Drilling Company: Red Dog Drilling Top-of-Casing Elev.:  : 286.13'(Lawrence Survey)
Drillers Name: Mark Seiler Ground Surface Elev.: : 283 48'(Lawrence Survey)
NC Driller Certification: : 2789A Natural, Cut, Fill Grade: : slight cut
” Water Levels Sample Type
. % %’ _W_ 1 Hour=dry SS = Split Spoon
é’, 5 E 9 || 2 24 Hours = 19.30' bgs ST = Shelby Tube
T = 2 = . RC = Rock Core Well: PZ-6
g g 8 E %‘ BAG = Bag Sample TOC Elev.: 286.13'
< 5 O a > ~ Cover
2| & [ 5| E |3 Lithologic Description )
S = w m ) (4
0-1 283.48 " Dia. -
™ | i §s/]| 10 [ moist, medium compact; yellow (10YR 7/6); horizontal fissle; 7 7gorﬂ!}ag Hollow-Stem Auger
— )33 : silt; no plasticity or cohesion: Soil Horizon e A1
- 914 /1 /]
5_-_ 278.48 3 ss 13 | moist; medium; pale yellow (2.5 Y 7/4) with light rust mottles; silty // //
: 5 A clay with roots; low plasticily; cohesive; Soil Horizon £y p / / Casing (2" Dia. Sch. 40 PVC)
. = asing ia. Sch.
ﬁ‘w . K / ,/— Grout
] ? ]
10—-- 273.48 171 SS 20 | moist; very stiff; dark reddish gray (2.5YR 4/1) with white and . / ?
- 15 1 —hyellow mottles; silty clay; low plasticity; cohesive; Residuum C'L / /,
E \ 7
] ab moist;, weak red (10R 4/4), clayey silt; no plasticity; cohesive; / /
& Residuum; (Lab Resuits: PZ-6 UD (10.5-11"); USCS=CL,; ‘v /
| Sand=11.3%, Silt=72.5%, Clay=16.2%; Specific Gravity=2.68; ,/
) ss | 24 )|Hydraulic Conductivity=6.01 x 10-6 cm/sec; Total Porosity=30.7%; / /
15— 268.48 | 585 Effective Porosity=8%; Alterberg Limits: PL=23, LL=37, Pl=14) Zh%
- — \ )
P Wik . moist; very hard; red (2.5YR 4/6); fine to coarse sandy clayey silt // /
| with gravel and rock fragments; no plasticity, cohesive; Partially /’ /
Weathered Rock
1 50/4" [SSBAG| 6 /
20— 263.48 dry; very hard; dark reddish brown (2.5YR 4/1); silty medium to i Bentonite Seal
i coarse sand with rounded phyllite gravel; no plasticity, cohesive; =
| Partially Weathered Rock; (Lab Results: PZ-6 Bag (19-19.5"); g
USCS=SC; Sand=59.9%; Sill=27.1%, Clay=13.0%, Effective :
y Porosity=16%; Alterberg Limits: PL=18, LL=33, PI=15)
5 50/1" | S8 T 1
25— 258.48 moist; very hard; reddish brown (2.5YR 4/4), horizontal fissle; -
] \weathered mudstone; Partially Weathered Rock g
. | =+{#2 Silica Sand Pack
- s0/.5'Fss—1 . Hi—Screen (10' section
30—} 25348 dry; very hard; weak red (2.5YR 5/2); horizontat fissle; sandy | | of 2" Dia. Sch. 40 PVC)
1725 mudstone; Partially Weathered Rock N1 B
| . Al ITotal Depth (bgs.) = 33.80°
351 2ag.ag [~ dry. very hard; weak red (2 5YR 5/2); weathered silty P (g )
. conglomerate, Partially Weathered Rock /
40— 243.48
45—




(onsulting Scrvices

%

Buxton Environmental, Inc.
1101 South Blvd., Suite 101 - BO!’IHQ LOQ, PZ-7
Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 1 TM714 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: STN7HM4 Drilling Method: T HSA
Sanford, North Carolina Drilling Company: - Red Dog Drifling Top-of-Casing Elev.:  : 290.57'(Lawrence Survey)
Drillers Name: * Mark Seiler Ground Surface Elev.: : 287.92'(Lawrence Survey)
NC Drilter Certification: : 2789A Natural, Cut, Fill Grade: : slight cut
5 Water Levels Sample Type
- % % _W_ 1 Hour = 17.20 bgs SS = Split Spoon
§, B 5 o | ~| 2 24Hours =669 bgs ST = Shelby Tube
| £ 2| B |€& RC = Rock Core Well: PZ-7
&£ 5 8’) 5 “>Z; BAG = Bag Sample TOC Elev.é 290.57
£ © a q over
g % 3 5 § Lithologic Description
Qa iw o w | g (]
0— 287. 8" Dia. -
24} H ] ' g ss | 1e | moist; medium; light yellowish brown (2.5Y 6/3); fine to coarse ! 7 7/.30%‘:39 Hollow-Stem Auger
—— 4 H’ g sandy clayey silt with roots; no plasticity; cohesive; Soil Horizon ml A /, /
q ) [1
1° / /-vGrout
1 | 8 [ ss |12 | moist; very stiff; reddish brown (%YR 5/4) with light gray mottles; /| I
5-T 282.92( 12 blocky; fine to coarse sandy silty clay; low plasticity; cohesive; Ce Casing (2" Dia. Sch. 40 PVC)
. ] i \Residuum j"
N : st | 24 |\ Bentonite Seal
| moist; reddish brown (5YR 5/4) with light gray mottles; blocky; fine =
i to coarse sandy silly clay; low plasticity; cohesive; Residuum; te i
1§ ss | 20 [(Lab Results: PZ-7 UD (6-8); USCS=CL; Sand=3.2%; Silt=67.5%;
10— 277.92 Clay=29.3%; Specific Gravily=2.74; Hydraulic Conductivity=1.76 x
# -9 10-6 cm/sec; Total Porosity=30.1; Effective Porosity=3; Atterberg
4 imits: PL=24, LL=40, Pi=16)
— i moistiwet; very stiff, reddish brown (5YR 5/4) with vertical black | -—1#2 Silica Sand Pack
) 7 50/6" |SS.BAG|_T5 _\Imanganese planes; silty clay; low plasticity; cohesive; Residuum G
V= | 15— 272,92 Screen (10' section
il moist/wet; very hard; red (2.5YR 5/8); highly horizontal | of 2" Dia. Sch. 40 PVC)
A fissle; clayey silt; no plasticily, cohesive; Partially :
Weathered Rock; (Lab Results: PZ-7 Bag (14-14.5); USCS=CL;
] Sand=0.4%; Silt=76.8%,; Clay=22.8%, Effective Porosity=4%; (' (_
] s50/1" =Y 7 tterberg Limits: PL=22, LL=41, PI=19) =I5
20— 267.92 \ - - - / ~'Total Depth (bgs.) = 20.00'
| wet; very hard; reddish brown (5YR 5/4); highly horizontal fissle;
| weathered sandy mud stone; Partially Weathered Rock
25— 262.92
30— 257.92
35— 252.92
40— 247.92
45—




[
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% Buxton Environmenctal, Inc.
Consylting Serviess ..
1 1O South Blvd,, Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-8

(Page 1 of 1)

i AN

Sanford Mine Reclamation Site Date Started: 172114 Logged By: - Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1 7/2114 Driling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: * Summit Engineering Top-of-Casing Elev.  : 304.85'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev.: : 302.56'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : slight cut
> Water Levels Sample Type
N by £ W 1Hour=dry S8 = Split Spoon
_§', % b g | = | Sz 24Hours =418 0gs ST = Shelby Tube
-G £ RC = Rock Core Well: PZ-8
£ 5 B 2 over
= z : . e —
g & 5 5 g Lithologic Description —
—302. 6" Di -
¢ i 302,56 ss | 1g | moist; stiff; strong brown (7.5Y 5/8) with white specks; silty clay; . 7 ’//EOE,% HellowStEmIATgsT
L medium plasticity; cohesive, Residuum CV p
- ] /// ///
. g ss | 14 | moist; stiff; red (2.5YR 4/6) with light orange mottles; silty eC /
55— 297.56 0 clay; low plasticily; cohesive; Residuum A / /
4 Casing (2" Dia. Sch. 40 PVC)
- 217
. é sS 15 | moist; stiff; red (2.5YR 4/6); silty clay; low plasticity, cohesive; // /
10— 29256 | { Residuum Cl_, y / /;4 Grout
4 ! /
il 1§ §S.BAG| 16 | moist; very stiff; red (2.5YR 4/6) with orange mottles and black /// ///
15— 287.56 - stringers; silty clay; low plasticity; cohesive; Residuum; (Lab
i * Results: PZ-8 Bag (13.5-15'); USCS=CL; Sand=3.1%, Silt=68.1%, _ / /
Clay=28.8%; Effective Parosity=3%; Atterberg Limits: PL=23, cL / //
I L=39, PI=16) / /
1 199 ss 14 | moist; very stiff; red (10R 4/8) with light gray and yellow mottles; / /
20— 282.56 clayey quartz and phyllite gravelly silt; no plasticity; cohesive; My / /
4 W \Residuum - % @i
- Bir 217
7 ? ) oo | moist; very stiff; red (10R 4/6) with light gray and yellow mottles;
25— 277.56 clayey quartz and phyillite gravelly silt; no plasticity; cohesive;
- 2 \Residuum r / Bentonite Seal
] 29 ss | 20 | moist; very hard; red (10R 4/8) with maroon mottles; silty clay; low
30—} 272.56 | 50/5" | plasticity; cohesive; Residuum CL A B |
- sob| SS | 15 | moist; very hard; red (10R 4/8) with maroon mottles; silty clay; low o .
35— 267.56 plasticity; cohesive; Residuum (f AL AH ~1#2 Silica Sand Pack
= | Screen (10' section
| = of 2" Dia. Sch. 40 PVC)
T S0/ 55 (12 dry; very compact; weak red (10R 4/4); clayey silty fine to coarse _ f ;
40— 262.56 sand; no plasticity or cohesion; Partially Weathered Rock pr a4 / -
] . T h
- ~—-=H=—Tolal Depth (bgs.) = 41.90'
7 sl iR 101 moist; very hard; red (10R 4/8); highly horizontal fissle; silty clay; (
45— low plasticity; cohesive; Partially Weathered Rock /




Buxton Environmental, Inc.

Cousuling Servises H
(101 South Blvd., Suite 101 Boring Log, PZ-9s and 9
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net (Page 1 of 1)

.2

e (1, | 20 Bentonite Seal

Sanford Mine Reclamation Site Date Started: 72114 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 712114 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: . Summit Engineering Top-of-Casing Elev.: :288.11'/288.11'
Drillers Name: : Robert Cassell Ground Surface Elev.: 28574
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : slight cut
= Water Levels Sample Type
. - %’ _W_ 1 Hour = dry/dry S8 = Split Spoon
§, e E g | = _S7_ 24 Hours = dry/36.03' bgs ST = Shelby Tube Welll: PZ-9s
E é 2 > £ RC = Rock Core Well2: PZ-9
c =1 — fesd . . N
pas % ] 3 g BAG = Bag Sample 'TOC EIev/2_IS% (1) \1Ier
a 2 . , s
8l &8 |3| & |8 Lithologic Description —
' 0} 285.74 : , . 6" Dia. Hollow-Stem A
i g gs | 16 moist; stiff; yellowish red (5YR 5/6) with rust mottles; silty 7 //’ Boring em Auger
o clay, low plasticity; cohesive; Soil Horizon ¢~ )
y é’ [155 16 | moist; stiff; light yellow brown (2.5 Y 6/3) with light orange /
d B 5—t 280.74 L mottles; silty clay; low plasticity; cohesive; Soil Horizon e // q // Grout
1 i . ¥ A & rou
- g ,/
= | = ° é Casing (2" Dia. Sch. 40 PVC)
. g ‘ﬁs 16 | moist; stiff; light yellowish brown (2.5Y 6/3) with rust and / "
10— 275.74 maroon mottles; silty clay; low plasticity; cohesive; Sail // /
i A\ Horizon ray f i i

1 ig 55,BAG 22 | dry; compact; weak red (10R 4/3) with white and gray
15— 270.74 specks; silty fine to coarse sand with phyllite gravel; no
| w7 plasticity or plasticity; Residuum; (Lab Results: PZ-9 Bag
\(“t 3.5-18"), USCS=8C, Gravel=0.4%; Sand=52.2; Silt=35.9;

5C

Clay=11.5%; Effeclive Porosily=17; Atterberg Limits: PL=20,
L=34, PI=14)

#2 Silica Sand Pack

i -{Screen (10' Section of 2" Dia.
"% Sch. 40 PVC)

= 50/5" [ TS5 B
| & Wi"\ 20—t 265.74 dry; very hard; weak red (10R 4/3); highly horizontal fissle;
' fine sandy silt; no plasticity; cohesive; Partially Weathered
i ock

—

5 58;‘11-- Ss 8 | dry; very compact; weak red (10R 4/3) with white and gray
25— 260.74 specks; silty fine to coarse sand with phyilite gravel; no
lasticity or cohesion; Partially Weathered Rock J

:' - Total Depth (bgs.) = 25.00"

Bentonite Seal

30— 255.74 gray specks; silty fine to coarse sand with phyllite gravel;

& 50/5" L S5 L 8 T gry: very compact; weak red (10R 4/3) with white and
o plasticity or cohesion; Partially Weathered Rock /

777 12 Silica Sand Pack
~~—dScreen (10' Section of 2" Dia.

iy 50/5" | S5 4 dry; very compact; weak red (10R 4/3) with white and gray

RUENAANIRENNENNRRENSSEEARANNNRRANA]

35—+ 250.74 specks; medium horizontal fissle; silty fine to coarse sand with Sch. 40 PVC)
1 phyllite gravel; no plasticity or cohesion; Partially Weathered 37
ock 22
1 S0 S5 B 1 gry: very hard; reddish brown (2.5YR 4/4); highly horizontal ~=i——=1Total Depth (bgs.) = 39.00'
40 —- 245.74 fissle; weathered mudstone; Partially Weathered Rock / o et




Buxton Environmental, Inc.

Consulting Seevices
1101 South Blvd., Suitc 101

Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-10

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 2712114 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 17121114 Drilling Method:; : HSA; CME-550x
y
Sanford, North Carolina Drilling Company: - Summit Engineering Top-of-Casing Elev.:  : 266.51'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev.. : 263 48'(Lawrence Survey)
NC Driller Certification: . 4143A Natural, Cut, Fill Grade: : slight cut
= Water Levels Sample Type
- % g _W_ 1 Hour =dry SS = Split Spoon °
&l 5 |8 | g || 2 2Hous=ay ST = Shelby Tube
D € 2 e . RC = Rock Core Well: PZ-10
g s |3al% |2 BAG = Bag Sample TOC Elev.: 266.51
sl & |S| 2|3
> . o Y
8| 2 |8 § g Lithologic Description )
0— 263/48 " Dia. H -
i g sS | 24 | moist; stiff; reddish yeliow (7.5YR 6/6) with light gray and rust 7 % goﬁ;ﬁq ollow-Stem Auger
L3 \ L moltles; silty clay, no plasticity, cohesive; Soil Harizon y
- -)1 ] ? ?
— 1 % ss | 14 | dry; very stiff; red (2.5YR 4/8) with maroon and light gray motties; // /7‘ Grout
5— 258.48 clayey fine sandy silt; no plasticity; cohesive; Residuum [ Aat ] /
1 7 - s Casing (2" Dia. Sch. 40 PVC)
N 5o |_SS | 12 [ dry; very hard; red (2.5YR 4/6) with black vertical planes; blacky; / /
10—} 253.48 \silly clay; no plasticity, cohesive; Partially Weathered Rock AP // /
E 80/ LSS5I 1 dry: very hard; red (2.5YR 4/6) with black vertical planes; highly ' .Bantonike Seal
15— 248 48 horizontal figsle; mica sandy silty clay; low plasticity; cohesive; s Bl e
| Partially Weathered Rock s St
. S0 LS5 2 {5 - very compact; weak red (10R 5/3); silty fine to coarse sand
20— 243.48 \‘.“flkith quartz %nd phyliite gravel; no plasticity or cohesion; Partially / i
eathered Rock -
- —#2 Silica Sand Pack
| H=—{Screen (10' section
i C| ] of 2" Dia. Sch. 40 PVC)
- 50/8" LS5 £ 121 gry: very hard; red (10R 4/6); highly horizontal fissle; silty clay; no H| o
25— 238.48 \plaslicity; cohesive; Partially Weathered Rock / ]
' “L.—{Total Depth (bgs.) = 27.15'
] ig 5S,BAG| 18 | moist; very hard; red (10R 4/6) with light orange mottles; highly
30—} 233.48 horizontal fissle; silty clay; no plasticily; cohesive; Residuum; (Lab
i Results: PZ-10 Bag (28.5-30"); USCS=CL; Sand=5.7%; Siit=74.0%;
Clay=20.3%,; Effeclive Porosity=5%; Atterberg Limits: PL=18,
1 LL=36; PI=18)
35— 228.48
40— 223.48
45




Buxton Environmental, lnc.
Consulupg Servicey R

1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv(@bellsouth.net

Boring Log, PZ-11

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 172214
1303 Brickyard Road Date Completed: 17122114
Sanford, North Carolina Drilling Company: Summit Engineering
Drillers Name: : Robert Cassall

Gt

NC Driller Certification. : 4143A

. Ross Klingman, P.G.

: HSA; CME-550x
Top-of-Casing Elev.:  : 262.30'(Lawrence Survey)
Ground Surface Elev.. : 259.66'(Lawrence Survey)
Natural, Cut, Fill Grade: : natural (drainage bottom)

Logged By:
Drilling Method:

x;f;(yl$qs

M

Bsi

r‘;.\i H.

ravel; no plasticity; cohesive; Partially Weathered Rock

Bentonite Seal

/

S F. \Water Levels Sample Type
_ =z g _W_ 1 Hour = dry SS = Split Spoon
é*, = 3 g | = | Sz 26Hours=19.5"bgs ST = Shelby Tube
g g 2| & | € RC = Rock Core Well: PZ-10
L 8 (3) 5 QS‘ BAG = Bag Sample TOC EIeve 266.51
5 ® a over
2 . . i I_C;
g § % 2 § g Lithologic Description —
—263.48 " Di -
0~ g Z s/} [ 20 [ moist; very stif;reddish yellow (7.5YR 6/8) with rust and light 7 7%0',?,'%‘ FioES: SIEMIETRSF
I gray mottles; quartz gravelly fine to coarse sandy clayey silt; no / / /
- ] I : ive: Soi .
i ] §\ X asticily; cohesive; Soil Horizon [} yt’}_!j / /_" Grout
1 254.54 z ssl/ | 17 | moist; stiff; yeliowish red (5YR 4/6) with light gray mottles; fine / /
65— 2584871 ° o mica sandy clayey sill, no plasticity; cohesive; Soil Horizon ™ ) }~ A // /
- ' (e H " N
] ST 6 {4y red (2.5YR 4/6), mica and quartz sandy silt, low plasticily; 2] 7|25 " Dia. Seh. 40 PVQ)
cohesive; Residuum; (Lab Results: PZ-11 UD (6-6.5'); USCS=5M; /’ /
T e}, Cravel=4.8%; Sand=65.5%,; Silt=22.6%; Clay=7.1%; Specific % 4
- 5o | 88 [ 12 |\Gravity=2,71; Hydraulic Conductivity=3.86 x 10-6 cm/sec; Total // /
10-1 263748 | orosity=19.7%, Effective Porosity=25%) /
1277 dry; very hard; weak red (10R 4/3); silty fine to coarse sand with '

- 248.48 5§6“ ST

Weathered Rock

moist; very hard; red (2.5YR 4/6) with black and purple mottles;
medium horizontal fissle; silty clay; no plasticity; cohesive; Partially

“4#2 Silica Sand Pack

5§ .| ss |20

- 243.48
\Weathered Rock

moist; very hard; red (2.5YR 4/6) with black and purple mottles;
highly horizontal fissle; silty clay; no plasticity; cohesive; Partially

—{Screen (10' section
3 of 2" Dia. Sch. 40 PVC)

%;8 s8.BAG| 16

- 238.48

wet; very stiff; red (2.5YR 4/6) with black and purple mottles;
highly horizonatl fissle; silty clay with rock and gravel layers; no
lasticity; cohesive; Residuum

TTTTT

~ITotal Depth (bgs.) = 24.75'

- 233.48

- 228.48

- 223.48
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Buxton Environmental, Inc.

Coansulling Services

1101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451

buxtonenv@bellsouth.net

Boring Log, PZ-12

(Page 1 of 1)

5
15— 269.32 sfar| S | 1°

20— 264.32

25— 259.32

30— 254.32
35— 249.32
40—~ 244.32

moist; very hard; red (2.5YR 4/6) with green and black specks;
medium horizontal fissle; mica sandy clayey silt; no plasticity;

\cohesive; Partially Weathered Rock

Bentonite Seal

1? SS.BAG| 21

Sanford Mine Reclamation Site Date Started: 17122114 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 17122114 Drilling Method: : HSA; CME-550x%
Sanford, North Carolina Drilling Company: : Summit Engineering Top-of-Casing Elev..  : 287.15'(Lawrence Survey)
Drillers Name: : Robert Cassell Ground Surface Elev.: :284.32'(Lawrence Survey)
NC Drilier Certification: : 4143A Natural, Cut, Fill Grade: : natural
2 Water Levels Sample Type
. Z g _W_ 1 Hour = dry S5 = Split Spoon 5
ﬁ', % £ g | o| = 2Hous=ay ST = Shelby Tube
z| € || & | RC = Rock Core Well; PZ-12
é S 3 5 g BAG = Bag Sample TOC Elev.: 287.15
- 'ﬁ O a >
54 2 3 g 3 Lithologic D inti
]
2 2 O_C; 3 S ithologic Description ’—
0—284.32 - - 8" Dia. Hollow-
| § gﬁ 16 | moist; medium; yellowish red (5YR 5/8) with brown mottles; 7 Bo,i,'-,ag RllowESISIAUgER
clayey, quartz gravelly silt and silty clay; low plasticity; C L
i 7 ’ b ﬁ, cohesive; Soil Horizon ///
- g lb 14 | moist; stiff; reddish yellow (7.5YR 6/8) with rust and light gray .. /
5— 279. ) mottles, silly clay; medium plasticity; cohesive; Soil Horizon C y /
I 'S 7 Casing (2" Dia. Sch. 40 PVC)
: /4 Grout
T ss | 13 | moist; stiff, red (2.5YR 4/6) with green and black specks; fine to /
10— 274.32 | 0 medium sandy clayey silt; low plasticity; cohesive; Residuum  pA | 4~ | /
1 5 //

moist; very stiff; red (2.5YR 4/6) with purple mottles; blocky; silty
clay; no plasticity; cohesive; Residuum; (Lab Resulls: PZ-12 Bag
(18.5-20"); USCS=CL; Sand=0.7%,; Silt=66.5%; Clay=32.8%;
Effective Porosity=2%; Atterberg Limits: PL=20, LL=42, PI=22)

E _ ANNNNNNNANANNNNN

50/3" [ S5 B

dry; very hard; red (2.5YR 5/6); horizontal fissle; weathered fine
sandy mudstone; Partially Weathered Rock

#2 silica Sand Pack

~{Screen (10' section
1] of 2" Dia. Sch. 40 PVC)

50/3" 58 10

dry; very hard; red (2.5YR 5/6); horizontal fissle; weathered fine
sandy mudstone; Partially Weathered Rock

INIEEENEN NN AN N AR

~'Total Depth (bgs.) = 30.60'




Buxton Environmental, Inc.
P><< 1701 South Bivd., Suite 101 Boring Log, PZ-13
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
bu‘xlonczw@bellsoull:::e(t (Page 1 of 1)
Sanford Mine Reclamation Site Date Started: 17122114 Logged By: : Ross Klingman, P.G
1303 Brickyard Road Date Completed: 7/22/14 Drilling Method: 1 HSA; CME-550x
Sanford, North Carolina Drilling Company: Summit Engineering Top-of-Casing Elev.:  : 296.59'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev : : 293.48'(Lawrence Survey)
NC Driller Certification: . 4143A Natural, Cut, Fill Grade: : natural
" Water Levels Sample Type
| 7 | 8 ¥ 1 Hour=dry S = Split Spoon
g b E g | = X7 24 Hours = dry ST = Shelby Tube
= @, |l 2 |E RC = Rock Core Well: PZ-12
..g_i 1 3 5 qa" BAG = Bag Sample TOC Elev.: 296.59
£1 8 5|28
a > . . _r
2 2 2l s Lithologic Description
0— 293.48 8" Dia. Hollow-
| § ‘llss.BaG| 10 | moist; medium compact; brownish yellow (10YR 6/6) with white 7 7/_ Borir'\?‘:; ollow-Stem Auger
S5 {3 — specks; clayey silty quartz sandy gravel; no plasticity or cohesion;
i :y‘,’ Soil Horizon; (Lab Results: PZ-13 Bag (0-1.5'), USCS=SC-SM; / /
- Gravel=36.1%, Sand=37.2%, Silt=19.4%; Clay=7.3%;, Effective // //
= H § ss D21 ‘\Porosity=25%; Alterberg Limits: PL=17, LL=21, PI=4) < S, // //
- i
5-1 288.48 1 moist; stiff, red (2.5YR 4/6); fine to medium sandy silt and / // 1 -
ML § ! T Jistty clay layers; low plasticity; cohesive; Residuum Pl / / % Casing (2" Dia. Sch. 40 PVC)
e PAEN / /
- oy Rl sdfs [_SS_| 6 [ moist; very hard; red (2.5YR 4/6); silty clay with large quartz _ 1 Grout
10—} 283.48 <ol gravel; no plasticity; cohesive; Residuum i 8 / / 7
GO
o] 2l
Gy o % /’5
. i} sS | 24 | moist; very hard; weak red (10R 5/3) with light green mottles; / //
15—| 278.48 | 50/6" medium horizontal fissle; silty clay; no plasticity; cohesive; o
= Suy \Rasiduum / 7/ ?
= i% sS 20 | moist; hard; pinkish gray (7.5YR 6/2) with black vertical and 45 / /
20— 273.48 degree planes; medium horizontal fissle; silty clay; no plasticity;
] 7 \cohesive; Residuum / Bentonils Seal
= 4 5 fa-u SS | 18 | moist; very hard; gray (7.5YR 5/1); medium horizontal fissle; silty E
r'w iﬂ\ 25— 268.48 clay; no plasticity, cohesive; Partially Weathered Rock 1=
L |Hf =+|#2 Silica Sand Pack
I ] é ss | 22 | moist; very hard; gray (7.5YR 5/1); medium horizontal o OREIPA(10 saction, o
30— 263 .48 | 50/5"  fissle; silly clay; no plasticily, cohesive; Residuum y | ' ’ )
b 50/1" [5S = dry; very hard; dark blueish gray (Gley 2 4/1); _ | Total Depth (bgs.) = 33.65'
35— 258.48 \wea{hered mudstone; Partially Weathered Rock /
: Auger Refusal @ 35'
40— 253.48




Buxton Environmental, Inc.
Consulting Services
1101 South Blvd., Suite 101

Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-14

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 17123114 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1 7/23/14 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: Summit Engineering Top-of-Casing Elev.:  : 322.15'(Lawrence Survey)
Drillers Name: Robert Cassell Ground Surface Elev.: : 319.44'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : natural
= Water Levels Sample Type
_ % g _W_ 1 Hour=dry SS = Split Spoon
-§, E E 8' —_ 7 24 Hours =dry ST = Shelby Tube
S| & 2| 2 |€ RC = Rock Core Well: PZ-14
g s 3l 5 |§ BAG = Bag Sample TOC Elev.: 322.15
= w a ES
- > z £ | 8 . : .
& 2 Sl s g Lithologic Description ’—
—_— 1 " A . x
o 3 [ ss [ 1o [ moit: st eddish yellow (7.5YR 6/8) with rust and ightgray (| [/ 7302@; FESRESSILAgRn
: moltles; gravelly silly clay, low plasticity, cohesive; Sail Horizon y
3 1> // /
C O g }‘-.\r / /
. g ss | 18 | maist; stiff, reddish yellow (7.5YR 6/8) with rust and light gray C // /
| _5— 314.44 mottles; gravelly silty clay; low plasticity; cohesive; Soil Horizon t ) / /
J i Casi A
el 1) ST_| 12 | moist; reddish yellow (7.5YR 6/8) with rust and light gray motties; 2| 7] o= ¢ Dia. Sch. 408ve)
[t large quartz gravelly silty clay, low plasticity, cohesive; Soil ' // /
—_— ] Horizon; (Lab Results: PZ-14 UD (6-7"); USCS=CH; Gravel=1 ,B%("q }
R g ss | 15 l1Sand=18.4%,; Silt=37.7; Clay=42.1%, Specific Gravity=2.67, / /
10— 300.44 Hydraulic Conductivity=1.35 x 10-7 cm/sec; Total Porosity=38.6%; / /4 Grout
A\ S| Effective Porosity=2%; Atterburg Limits: PI=28, LL=55, Pi=27) / //
1 1
5 moist; stiff, red (10R 4/8) with white specks; clayey quartz / /
o ¥ - gravelly fine to coarse sandy silt; no plasticity, cohesive; . / /
4 g ss | 18 \Residuum nl / / /
| 15—t 304.44| 10 e . - :
194 moist; very stiff; red (10R 4/6) with white specks; clayey quartz /" /
il { gravelly fine to coarse sandy silt; no plasticity; cohesive; ML /
b Residuum / ?
e & 191 | ss | 20 | moist; very sliff, red (10R 4/8), silty clay; low plasticity, L’j i // /
L cohesive; Residuum
20— 29944 1} 11/
P Ve J .Bentonlle Seal
g }j ss | 18 | moist; very hard; weak red (10R 5/3) with white and gray ot I
25— 294.44| 4 specks; fine to medium sandy silty clay; low plasticity; LL
= (551 cohesive; Residuum /
] i —{#2 Silica Sand Pack
= S0/8" |5s 10 dry; very hard; red (10R 4/6); medium horizontal fissle; clayey :
\ 30— 289.44 \ﬁne to medium sandy silt; no plasticity; cohesive; Partially / -l Screen (10' section
Pwipf ] Weathered Rock H| | of 2" Dia. Sch. 40 PVC)
. 0" (S5 L B | moist; very hard; weak red (10R 4/6); highly horizontal fissle; =l
35— 284.44 \weathered mudstone; Partially Weathered Rock / L {Total Depth (bgs.) = 35.00"
1 80/0" LS5 T moist; very hard; weak red (10R 4/3); highly horizontal fissle;
40— 279.44 \weathered mudstone; Partially Weathered Rock f
| Auger Refusal @ 39'
45—




Consulting Servives.

%

Buxton Environmental, Inc.

1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-15s and 15

(Page 1 of 1)

) S8 18
15— 285.63 lz

moist; hard; red (10R 4/6) with white specks; blocky; silty
clay, low plasticity, cohesive; Residuum

LF
L

0

- st | SS | 18

20— 280.63| -
Sv)

moist; very hard; red (2.5YR 4/6) with white specks; blocky,
\silty clay; low plasticity; cohesive; Residuum ro

50/8" Eh BAG 16

\
5— 275.63

wet; very hard; red (10R 4/6) with white specks; medium

harizontal fissle; silly clay; low plasticity; cohesive; Partially

USCS=CL; Gravel=0.7%; Sand=4.5%; Silt=52.8%; Clay=19.9%,
ffective Porosity=8; Atterberg Limits: PI=16, LL=32, PI=16)

\:fea{herad Rock; (Lab Results: PZ-15 Bag (23.5-24"):

~—{Casing (2" Dia. Sch. 40 PVC)

Sanford Mine Reclamation Site Date Started: : 7123/14 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1 7123114 Drilling Method: 1 HSA; CME-550x
Sanford, North Carolina Drilling Company: * Summit Engineering Top-of-Casing Elev:  : 303.117303.24'
Drillers Name: Robent Cassell Ground Surface Elev.: : 300.63'
NC Driller Certification: - 4143A Natural, Cut, Fill Grade: : natural
@ Water Levels Sample Type
- % W 1Hour = 13.48/15.34' bgs SS = Split Spoon
& z | & g | = | 2 24Hous=1365/1331bgs | ST=Sheloy Tue Well1: PZ-15s
§ é . = & RC = Rock Core Well2: PZ-15
5 3| = | & u TOC Elev;
2 5 o BAG = Bag Sample Cover
[=% ® . . . g
3| & 218l Lithologic Description —
e B ; i " D _
9 1 90063 18 | moist; medium; yellowish red (7.5YR 6/6); coarse quartz Ci i Eor.,'f_é, hioNow S MIATZST
{ sandy silty clay; medium plasticily; cohesive; Soil Horizon - 4 Grout
y q n | iaamonite Seal
- ? sﬁ 20 | moist; very stiff; yellow (10YR 7/6) with rust and orange 5 3
51 20563 11 mottles; coarse quartz sandy silty clay; low plasticity; C L = |
| 18 cohesive; Soil Horizon . -
|- ={#2 Silica Sand Pack
l . _ — H-—<IScreen (10' Section of 2" Dia.
. ; ss | 21 | moist; very stiff; red (2.5YR 4/6) with light gray and yellow c 14| Sch. 40 PVC)
10—t 290.63[ 18 mottles; silty clay; medium plasticity; cohesive; Residuum (= s | R
Y- -

: Total Depth (bgs.) = 14.00'
.Ben!oni:e Seal

5 =#2 Silica Sand Pack

—=Screen (1[}‘ Section of 2" Dia.
| Sch. 40 PVC)

- | 505" 55 178

30— 270.63

36— 265.63

40— 260.63

\

\Weathered Rock

wet; very hard; weak red (10R 5/4) with light gray specks;
highly horizontal fissle; weathered mudstone; Partially

ITotal Depth (bgs.) = 28.70'




Buxton Environmental, Inc.

Cousulling Serviees . _ . _ 1

1101 South Blvd., Suite 101 BOTInQ LOQ, PZ'16

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-145(

buxtonenv@bellsouth.net (Page 1of 1)

Sanford Mine Reclamation Site Date Started: 17123114 Logged By: . Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 1712314 Drilling Method: . HSA; CME-550x
Sanford, North Carolina Drilling Company: : Summit Engineering Top-of-Casing Elev.:  : 272.78'(Lawrence Survey)
Drilters Name: - Robert Cassell Ground Surface Elev.: :270.63'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : natural (drainage bottom)
- Water Levels Sample Type
_ ’_‘; %’ _W_ 1 Hour=22.35' bgs SS = Split Spoon
§, % 3 g | = | 2 24Hous=833bgs ST = Shelby Tube
x| € |2 2| RC = Rock Core Well: PZ-16
$| s 3| 5|3 BAG = Bag Sample TOC Elev, 27278
- >
2] 2 |=z| B |8 : _ - — v
] 2 21 8 |g Lithologic Description ]
= —t 270.63 - - " Dia. H -
Il Wl A é ss | 24 | moist; stiff, strong brown (7.5YR 5/6) with white specks; quartz 7 7gori ll-'f-lg ollow-Stem Auger
I | gravelly clayey silt; no plasticity, cohesive; Soil Horizon i y //
: {‘f y / é Grout
= g ss | 16 | moist; stiff, yellowish red (5YR 4/8) with light gray mottles; silty / /
e 5, 265.63 o clay; low plasticily; cohesive; Soil Horizon 29 » / /
L] =
4 / / Casing (2" Dia. Sch. 40 PVC)
A 4
Lt ] "Ny
b gg s8s | 14 | dry; very hard; dark red (10R 3/6); horizontal fissle; weathered / /
10— 260.63 . mudstone; Residuum y
Il > S0 Bentonite Seal
R 37 | ss | 16 | moist; very hard; red (10R 4/6) with purple mottles; mica sandy
C(/ 15— 255.63 | 50/5" silty clay; no plasticity; cohesive; Residuum et vy '
- CL
el {0 ek
1 ~4#2 Silica Sand Pack
———l
Pl . 58ft" [SSEAGITU T 1 it very hard; red (10R 4/6) with purple mottles; silty clay; no Screen (10’ section
W 20—+ 250.63 plasticity; cohesive; Partially Weathered Rock; (Lab Results: PZ-16 of 2" Dia. Sch. 40 PVC)
i Bag (18.5-20"): USCS=CL, Sand=3.1%; Silt=65.5%; Clay=31.4%;
i Effective Porosity=3; Atterberg Limits: PI=19, LL=38, PI=19)
. 508" IS5 81 \wet: very hard; red (10R 4/6) with purple mottles; highly —Total Depth (bgs.) = 24.00°

25— 24563 horizontal fissle; silty clay; no plasticity; cohesive; Partially
Weathered Rock

30— 240.63
4

35— 235.63

40— 230.63
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Buxton Environmental, Inc.

Consulling Seryices

1101 South Blvd., Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Boring Log, PZ-17s and 17

(Page 1 of 1)

Sanford Mine Reclamation Site Date Slarted: 1712314 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: (7123114 Drilling Method: : HSA; CME-550x
Sanford, North Carolina Drilling Company: Summit Engineering Top-of-Casing Elev.:  : 306.62'/306 56'
Drillers Name: : Robert Cassell Ground Surface Elev.: : 304.00'
NC Driller Certification: . 4143A Natural, Cut, Fill Grade: : natural
° Water Levels Sample Type
N W 1 Hour = dry/27.44" SS = Split Spoon
g, ot g g | = X7 24 Hours = dry/27.46" bgs ST = Shelby Tube Well1: PZ-17s
3 g | ¢ > | £ RC = Rock Core Well2: PZ-17
c 8 L ey = :
-o\_:-, % I ] g BAG = Bag Sample TOoC Ele‘f}-‘-» Cover
<t 2 . . . ¥ L
g uij 2 § 383 Lithologic Description 1
0—t 304 " Dia. B
) T | ss | 24 | moist: stif reddish brown (YR 4/4); silty clay; (" L~ 7 % Borey Hollow-Stem Auger
B medium plasticity; cohesive, Residuum y 1
. 2107
= 3 ss | 16 | moist: stiff; reddish brown (5YR 4/4); silty clay with . ] /
5— 299 mudstone rock fragments; medium plasticity; cohesive; g Grout
. e Residuum }J /] | 7] Srou
i ./ : /
- . / —H 7‘ Casing (2" Dia. Sch. 40 PVC)
= 504" ESSTTE L G- very hard; reddish brown (2.5YR 5/4); highly / 7 /
10— 294 264 horizontal fissle; weathered mudstone; Partially A
N Weathered Rock
- Bentonite Seal
- 50/6" LS5 L H 1 yqry: very hard; reddish brown (2.5YR 5/4); highly S
15— 289 horizontal fissle; weathered mudstone; Partially Weathered =
h Rock §
I | —{#2 Silica Sand Pack
= sG] SSs |12 dry; very hard; reddish brown (2.5YR 5/4); highly 51 ~IScreen (10' Section of 2" Dia.
20— 284 horizontal fissle; weathered mudstone; Partially i | Sch. 40 PVC) :
- Weathered Rock = | kit
* ég ss | 18 | dry; very hard; weak red (2.5YR 4/2); medium horizontal E :
25— 279 fissle; weathered mudstone; Residuum A 1 I._.._'.'_ Total Depth (bgs.) = 25.00'
i 56 |_SS | 12 | dry; very hard; weak red (2.5YR 4/2); medium horizontal :
30— 274 fissle; weathered mica sandy mudstone; Partially Befonite:Seal
- Weathered Rock
. 50/3" | S5 I dry; very hard; weak red (2.5YR 4/2); medium horizontal
35— 269 fissle; weathered mica sandy mudstone; Partially B
4 Weathered Rock £ | R
y £l 1#2 Silica Sand Pack
50/4" ["SSIH - . = | iSERE
1 very moist; very hard; weak red (2.5YR 4/2); blocky; fine = 1 X . .
40— 264 sandy clayey silt; no plasticity; cohesive; Partially E —~|Screen (10' Section of 2" Dia.
& Weathered Rock - Sch. 40 PVC)
1 s BS.BAG 14 | wet; very hard; reddish brown (2.5YR 4/4); medium horizontal ] : .
45—1- 259 fissle; weathered mudstone; Partially Weathered Rock; (Lab | Total Depth (bgs.) = 44.70
- Results: PZ-17 Bag (43.5-44.5'); USCS=CL; Sand=40.2%;
; Silt=48.9%; Clay=10.9%; Effective Porosity=16%; Alterberg
; imits: PL=19, LL=32, PI=13)
50—




Buxl:orll Environmental, Inc.
% Consulung Services . Borlng Log, PZ_18

1101 South Blvd., Suite 101
Charlotte, North Carolina 28203
Ph (704) 344-1450 Fax (704) 344-1451

buxtonenv@bellsouth.net (Page 1of 1)

Sanford Mine Reclamation Site Date Started: 7123/14 Logged By. : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 17123114 Drilling Method: - HSA; CME-550x
Sanford, North Carolina Drilling Company: . Summit Engineering Top-of-Casing Elev..  : 294.72(Lawrence Survey)
Drillers Name: : Robert Cassell Ground Surface Elev.. 292 27'(Lawrence Survey)
NC Driller Certification: : 4143A Natural, Cut, Fill Grade: : natural
I Water Levels Sample Type
. - % W 1 Hour =dry SS = Split Spoon
§ ) £ g |2 7 24 Hours = dry ST = Shelby Tube
S| & | ¢ R RC = Rock Core Well: PZ-18
.§_/ 5 § 5 g BAG = Bag Sample TOC Eleve294.72
ot = e > over
a 3 . . . —
2 L% 3 § g Lithologic Description —
¥ —12 7 " Dia. Hollow-
s P 2 ] sS | 22 | moist; medium, brownish yellow (10R 6/6), slightly clayey silt; A : 7 7 gonéag olow-Stem Auger
LS no plasticity; cohesive; Soil Horizon Al y / /
g ss | 18 | moist; stiff, reddish yellow (7.5YR 6/8) with tan and rust mottlies; // ?
5— silty clay; medium plasticity, cohesive; Soil Horizon <) A / /
[\,{/ J ¥ / // Casing (2" Dia. Sch. 40 PVC)
-1 I
I 9 ss | 15 | moist; very stiff; red (10R 4/8) with light green gray mottles; C, - / /
10—-282.27| 12 silty clay; low plasticity; cohesive; Residuum i’ / /
I 4 %
1 : // /45 Grout
———— b p‘ L;r!’ ] ,/ //
J 51 | 88 | 18 | moist; hard; red (1OR 4/8) with light green gray mottles; highly // /
M) 15— 277.27| 24 horizontal fissle; very fine sandy clayey silt; no plasticity; )4
2 | 48] cohesive; Residuum ; /
Ywp| 5% [6S.BAG| 12 | moist; very hard; red (10R 4/8) with light green gray mottles; highly L 1/
20— 272.27 horizontal fissle; very fine sandy clayey silt; no plasticity; / /
] cohesive; Partially Weathered Rock; (Lab Results: PZ-18 Bag
(18.5-19.5"); USCS=CL, Sand=24.4%, Silt=55.7%; Clay=19.9%; / /
i Effective Porosity=8%, Atterberg Limits: PL=17, LL=32, PI=15) / /
R s@a:| SS | 10 | moist; very hard; red (10R 4/8) with black horizontal planes; // //
25— 267.27 blocky and medium horizontal fissle; silty clay; no plasticity; ,// /
| \cohesive; Partially Weathered Rock / / /
] 50/6" 59 S moist; very hard; red (10R 4/8); highly horizontal fissle; weathered
30— 262.27 \mudstone; Partially Weathered Rock /
| Bentonite Seal

. 50/3" 93 £ dry; very hard; weak red (10R 4/3); highly horizontal fissle;
35— 257.27 fine mica sandy silt; no plasticity; cohesive; Partially
Weathered Rock

—.|#2 Silica Sand Pack

EENENERENNNRNNED]

. 503" 8515 1 moist; very hard, red (10R 4/8); highly horizontal fissle; weathered :' B * B S(;rze.ggig’osgﬁ‘cggnpvc)
40— 252.27 \mudslone; Partially Weathered Rock _/ s Rt

L
IREEEEEENNEEE)

1 0L S5 T4 { moist; very hard; red (10R 4/8) with purple mottles; blocky; Total Depth (bgs.) = 43.5
45— \weathared mudstone; Partially Weathered Rock /




1101 South Blvd., Suite tO1

Charlotte. North Carolina 28203

Pl (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

Buxton Environmental, Iac.
Conaulting Services

Boring Log, PZ-19

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: 1812014 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: 8/29/14 Drilling Method: - HSA; Geoprobe 7822
Sanford, North Carolina Drilling Company: : Environmental Drilling & Probing Top-of-Casing Elev..  : (Lawrence Survey)
Drillers Name: Tommy Bolyard Ground Surface Elev.: : 265.99'(Lawrence Survey)
NC Driller Certification: : 3307 Natural, Cut, Fill Grade: : slight cut
" Water Levels Sample Type
N - £ ¥ 1 Hour =11.00' bgs SS = Split Spoon
é’, g :5: g = SZ_ 24 Hours = 6.75' bgs ST = Shelby Tube
s €12 &2 |E RC = Rock Core Well: PZ-19
. 5; ) g 5 | 5 BAG = Bag Sample TOC Elev.:
< % ol > Cover
8| 8 [B]| E |8 Lithologic Description =
[a] i [ %] [i4
0—f 265.99 - 6" Dia. Hollow-Stem A
| 3 g SS | 24 | wet; medium: light brownish gray (10YR 6/2) with light orange 7 7 Bonns ollow-Stem Auger
moftles; silly clay, medium plasticity; cohesive; Soil Harizon C v A / /
L i S 4 / /Grout
4 d i ss | 18 | wet; soft; light brownish gray (10YR 6/2) with light orange " / /
P— 5— 26099 | mottles; silly clay, medium plasticily; cohesive; Soil Horizon C L A ;/ //
i / ,/ Casing (2" Dia. Sch. 40 PVC)
il %g ss | 17 | moist; hard; yellowish brown (10YR 5/4); medium horizontal / /
10—} 255.99 fissle; clayey silt; no plasticity; cohesive; Residuum Al .
) Yy I §7 7
[Ad | Bentonite Seal
A £B ss | 24 | moist; very hard; yellowish brown (10YR 5/4) with black :
— 15—} 250.99 | 50/4" manganese planes; medium horizontal fissle; clayey silt; no 5
| \plasticity; cohesive; Residuum - £
‘ A HI ~#2 Silica Sand Pack
W -
P 1 8% | S [ 10 | dry; very hard; brown (10YR 5/3); highly horizontal gl _1 o
20— 245.99 \fissle; weathered mudstone; Partially Weathered Rock E | g S&'SFBS Osgﬁcggnpvc)
. _53% ss | 12 | wet; very hard; reddish brown (5YR 4/3); medium horizontal o
26—+ 240.99 204" fissle; weathered mudstone; Partially Weathered Rock ) Total Depth (bgs.) = 24.70
30— 235.99
35—~ 230.99
40— 22599
45—




Buxton Environmental, Inc.
% Consitig Services Borlng Log' PZ_ZO

L1101 South Blvd,, Suite 101

Charlotte, North Carolina 28203

Ph (704) 344-1450 Fax (704) 344-1451
buxtonenv@bellsouth.net

(Page 1 of 1)

Sanford Mine Reclamation Site Date Started: :18/29/14 Logged By: : Ross Klingman, P.G.
1303 Brickyard Road Date Completed: . 8/29/14 Drllling Method: : HSA; Geoprobe 7822
Sanford, North Carolina Drilling Company: - Environmental Drilling & Probing Top-of-Casing Elev.:  : (Lawrence Survey)
Drillers Name: : Tommy Bolyard Ground Surface Elev.: : 206.51'(Lawrence Survey)
NC Driller Certification: - 3307 Natural, Cut, Fill Grade: : natural
" Water Levels Sample Type
Z |5 ¥ 1 Hour =24.00' bgs $S = Split Spoon
g % £ ~ | XZ_ 24 Hours = 12.44’' bgs ST = Shelby Tube
= £ % % E RC = Rock Core Well: PZ-20
é S 3 B g BAG = Bag Sample TOC Elev.:
< ] © s | 2 Cover
2| s |3| 5|8 Lithologic Descripti ' i
g b 2 3|8 ithologic Description u
1 6" Dia. Hollow-Stem Auger
00— 296.51 g ss | 24 | moist; medium; Red (2.5YR 4/6) with yellow motties; fine sandy A% 7 f/ Borin p g
4 silty clay; low plasticity; cohesive; Soil Horizon p / /
: © / /7 Grout
- g ss | 24 | moist; stiff; red (2.5YR 4/6) with yellow mottles; fine sandy silty /
5—- 291.51 clay; low plasticity; cohesive; Soil Horizon ‘L | // //
CL | Fdle Casing (2" Dia. Sch. 40 PVC)
A g ss | 20 | moist; stiff; red (2.5YR 4/6) with yellow mottles; mica sandy ‘e / //
10—} 286.51 silty clay; low plasticity; cohesive; Soil Horizon C )
1 L Bentonite Seal
y g ss | 18 | very moist; stiff, weak red (10R 4/4) with white and light gray Tl
15— 281.51 specks; phyllite and quartz gravelly sandy silty clay; no plasticity;
] = cohesive; Residuum /
S = #2 Silica Sand Pack
-—-—-—-—'_"‘_-_‘ | " o . .
. 90/3" S5 ——B{ dry; very hard; weak red (10R 4/4) with white and light gray Screen (10" section
Pwpe.| 20— 276.51 specks; weathered mudstone; Partially Weathered Rock / of 2" Dia. Sch. 40 PVC)
. 500" LSS L8 1 \wet; very hard; red (10R 4/6); highly horizontal fissle; mica = | _ ,
25—} 271.51 \sam:ly clayey silt; no plasticity; cohesive; Partially Weathered Rock Total Depth (bgs.) = 24.50

30— 266.51
35— 261.51
40— 256.51

—




ATTACHMEAT B

G EOTRACK

Technologies, Inc.

3620 Pciham Road, PMB #292 Phone: 864-329-0013
Greenville, SC 29615-5044 FAX:  864-329-0014

June 30, 2014

Charah, Inc
12601 Plantside Drive
Louisville, KY 40299

Attention: Mr. Norman E. Divers, II1

Re;  Physical Characterization Testing of Coal Combustion By-products
Riverbend Steam Station
Mount Holly, NC
GeoTrack Project No. 14-3425-N

Ladies and Gentlemen:

GeoTrack Technologies, Inc. has completed characterization testing of a sample from the
referenced plant, and we present the results herein. The work was performed as a preliminary
evaluation of whether the material is satisfactory for use as structural fill at the Charlotte-Douglas
Airport, Area C. This letter presents a brief summary of the procedures and presents the testing
results.

Project Description: The material in question includes coal combustion by-products that might
include a mixture of fly ash and bottom ash that are collected and discharged to holding ponds on
the power plant property. The combined combustion by-products (hereinafter referred to as
CCB’s) are proposed for use in an engineered fill. The engineered fill will be constructed by
excavating native soils, constructing a composite (membrane) liner, placing the CCB as compacted
fill, and covering the fill with a combination of a membrane cap and compacted soil. Subsequent
uses of the completed fill have not been finalized; we anticipate that the property could be
developed as part of nearby airport expansion, for commercial purposes (retail development, light
industrial, etc), or to reclaim land that was previously excavated for other purposes.

Sampling Procedures: GeoTrack visited the power plant on May 15, 2014 and collected CCB
samples. Grab samples were collected from the pond nearest the plant site (a wet pond). The
sample locations included the northern corner, at the primary effluent structure, and the diagonally
opposite corner, near the primary influent. Those locations were selected because they provided
access to the CCB. Most areas of the exposed CCB were saturated and soft to both vehicular and
pedestrian traffic.

Sampling was performed using procedures in general conformance with ASTM C 311 (ASTM D
75) for physical testing. The physical test sample was split in accordance with ASTM procedures



Physical CCB Characterization, Riverbend Steam Plant Geolrack Project No. 14-3425-N

and subjected to various laboratory tests. The physical (engineering) tests included classification
tests, strength tests, and consolidation tests.

Portions of the samples were also placed in laboratory-prepared containers in accordance with
applicable EPA SW846 procedures for the chemical analyses. The chemical analyses are reported
separately.

Physical (Engineering) Testing: Table 1 presents the physical (engineering) tests performed, the
applicable test methods, and the results. Where applicable, individual test reports are attached.

Detailed evaluation of the engineering charactetistics is beyond the scope of this report, and the
suitability of the various properties is dependent upon final site geometry and fill usage; however,
a few comments are offered based upon our preliminary review of the test results.

The grain s