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| Job No. 453925-235691-018

HDR Computation

|Project: Charah Colon Mine Structural Fill |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Slope Stability Analyses |Sheet: |Of: 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
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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.

Geocomposite/Granular Soil Interface: @=33°,c=0

Critical > Geocomposite/Textured HDPE Interface: ¢ =26°,c=0
Textured HDPE/Saturated Reinforced GCL: ¢ =23°, c= 167 psf
Saturated Reinforced GCL/Saturated Cohesive Soil: ¢ =29°,c=0

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 Structural Fill |Computed By: TMY |Date: 10/27/2014
|Subject: Permit Application |Checked By: KP |Date: 10/29/2014
|Task: Slope Stability Analyses |Sheet: |Of: 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°




















































































































































































HDR Computation JobNumber  453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed  TMY |Date 10/27/2014
|subject Permit Application |checked ~ KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 1) |sheet 1 |of 3

Objective:  Determine the smallest interface friction angle allowable to meet dynamic and static factors of
safety for final cover stability due to sliding for Option 1 final cover (see second page of calc.)

References:
1. Matasovic, N. (1991), "Selection of Method for Seismic Slope Stability Analysis," Proc. 2nd
International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, St. Louis, Vol. 2, pp. 1057-1062.
2. Koerner, G.R. and D. Narejo (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic
and Geosynthetic-to-Soil Interfaces. GRI Report #30.
Calculations:
Infinite slope:
FS = Resisting Moment (RM) Where:
Driving Moment (DM) FS = Factor of Safety
k; = seismic coefficient (=0 for static stability)
( ¢ > j+tan¢(1—yw Z_dwj—kg tan Stan ¢
Fs = 2E% A 2 Y = unit weight of cover soil
k, +tan g
¢ = cohesion of cover soil
Yw = unit weight of water
Given: z = depth to failure surface
v= 120 I/t dy = j(re;))th to seepage surface (=z if slope is
Yw = 62.4 Ib/ft? B = slope angle of cover
z= 4.0 ft ¢ = interface friction angle
Slope, M = 4 H:1V
c= 0.0 Ib/ft?
Assume lateral seepage is contained within lower 18" layer
Depth to Water = 2:50 ft of higher permeability soil in final cover.
USGS National Seismic Hazards Map - 2008
Ground surface acceleration = 0.09 (seismic coefficient) showing peak horizontal acceleration with a 2%
probability of exceedance in 50 years. See
Ground surface acceleration = 0 (static) Attachment A.

20141027 Final Cover Veneer Stability.xIsx HDR Option 1



HDR Computation

Job Number

453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/27/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 1) |sheet 2 |of 3
Solution:
B= 14.04 degrees
Dynamic Condition: (kg = 0.09)

Dynamic FS Against Sliding: (EPA Guidance Document EPA/600/R-95/051 - RCRA Subtitle D (258) Seismic Design
Guidelines for MSW Landfill Facilities page 102 requires a minimum factor of safety of

1.0)
FSmin = 1.0 Dynamic conditions
o (°) RM DM FS
5 0.068 0.340 0.20
10 0.138 0.340 0.41
15 0.210 0.340 0.62
20 0.285 0.340 0.84
234 0.339 0.340 1.00 < CRITICAL
30 0.452 0.340 1.33
35 0.548 0.340 1.61
Static Conditions (kg=0)
Static FS Against Sliding:
FSmin = 1.5 Static conditions
o (°) RM DM FS
5 0.070 0.250 0.28
10 0.142 0.250 0.57
15 0.216 0.250 0.86
20 0.293 0.250 1.17
25 0.375 0.250 1.50 < CRITICAL
30 0.465 0.250 1.86
35 0.564 0.250 2.25
20141027 Final Cover Veneer Stability.xIsx HDR Option 1



HDR Computation JobNumber  453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed  TMY |Date 10/27/2014
|subject Permit Application |checked ~ KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 1) |sheet 3 |of 3
Conclusion:

A minimum interface friction angle of 25 degrees between the components of the final cover system is
necessary for stability.

Determine if components of proposed final cover system are capable of achieving the minimum friction angle using typical
values of @ for each interface from Attachment B (Ref. 2).

6" TOPSOIL

SN NN NN NN
SO O OO O OO D OO
WO N NSNS . NN O ~
NANRN ~ 12" LOW PERMEABLE ™
OANS 5

~

12" UNCLASSIFIED

40 mil textured
HDPE

CCP STRUCTURAL FILL

Textured Geomembrane/Granular Soil: ¢ = 34", ¢ = 0 psf

From the typical values above, the proposed materials to be used for final cover construction are capable of achieving the
minimum required friction angle. This should be verified, however, with project specific lab testing.

20141027 Final Cover Veneer Stability.xIsx HDR Option 1
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HDR Computation JobNumber  453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed  TMY |Date 10/22/2014
|subject Permit Application |checked ~ KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 2) |sheet 1 |of 3

Objective:  Determine the smallest interface friction angle allowable to meet dynamic and static factors of
safety for final cover stability due to sliding for Option 2 final cover (see second page of calc.)

References:
1. Matasovic, N. (1991), "Selection of Method for Seismic Slope Stability Analysis," Proc. 2nd
International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, St. Louis, Vol. 2, pp. 1057-1062.
2. Koerner, G.R. and D. Narejo (2005). Direct Shear Database of Geosynthetic-to-Geosynthetic
and Geosynthetic-to-Soil Interfaces. GRI Report #30.
Calculations:
Infinite slope:
FS= Resisting Moment (RM) Where:
Driving Moment (DM) FS = Factor of Safety
k; = seismic coefficient (=0 for static stability)
(%} +tan ¢[1— Y ﬂj - kg tan Stan ¢
Fs = /2% p 7 Y = unit weight of cover soil
k, +tan B
¢ = cohesion of cover soil
Yw = unit weight of water
Given: z = depth to failure surface
v= 120 I/t dy = j(:f)th to seepage surface (=z if slope is
Yw = 62.4 Ib/ft? B = slope angle of cover
z= 4.0 ft ¢ = interface friction angle
Slope, M = 4 H:1V
c= 0.0 Ib/ft?
Depth to Water = 4.00 ft Assume lateral seepage is contained within geocomposite.
USGS National Seismic Hazards Map - 2008
Ground surface acceleration = 0.09 (seismic coefficient) showing peak horizontal acceleration with a 2%
probability of exceedance in 50 years. See
Ground surface acceleration = 0 (static) Attachment A.

20141027 Final Cover Veneer Stability.xIsx HDR Option 2



HDR Computation JobNumber  453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/22/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 2) |sheet 2 |of 3
Solution:
B= 14.04 degrees
Dynamic Condition: (kg = 0.09)

Dynamic FS Against Sliding: (EPA Guidance Document EPA/600/R-95/051 - RCRA Subtitle D (258) Seismic Design
Guidelines for MSW Landfill Facilities page 102 requires a minimum factor of safety of

1.0)
FSmin = 1.0 Dynamic conditions
o (°) RM DM FS
5 0.086 0.340 0.25
10 0.172 0.340 0.51
15 0.262 0.340 0.77
19.2 0.340 0.340 1.00 < CRITICAL
25 0.456 0.340 1.34
30 0.564 0.340 1.66
35 0.684 0.340 2.01
Static Conditions (kg=0)
Static FS Against Sliding:
FSmin = 1.5 Static conditions
o (°) RM DM FS
5 0.087 0.250 0.35
10 0.176 0.250 0.71
15 0.268 0.250 1.07
20.5 0.374 0.250 1.50 < CRITICAL
25 0.466 0.250 1.87
30 0.577 0.250 2.31
35 0.700 0.250 2.80

20141027 Final Cover Veneer Stability.xIsx HDR Option 2



HDR Computation JobNumber  453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed  TMY |Date 10/22/2014
|subject Permit Application |checked ~ KP |Date 10/29/2014
|Task Final Cover Veneer Stability (Option 2) |Sheet 3 |Of 3
Conclusion:

A minimum interface friction angle of 20.5 degrees between the components of the final cover system is
necessary for stability.

Determine if components of proposed final cover system are capable of achieving the minimum friction angle using typical
values of ¢ for each interface from Attachment B (Ref. 2).

4' SOIL COVER

<DOUBLE SIDED GEOCOMPOSITE

| &40 MILTEXT. HDPE

CCR

Textured Geomembrane/Granular Soil: ¢ = 34", ¢ = 0 psf
Textured Geomembrane/Geocomposite: ¢ = 26°, ¢ = 0 psf

Geocomposite/Soil Cover: ¢ = 30°, ¢ = 104 psf

From the typical values above, the proposed materials to be used for final cover construction are capable of achieving the
minimum required friction angle. This should be verified, however, with project specific lab testing.

20141027 Final Cover Veneer Stability.xIsx HDR Option 2
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HDR Computation

Job Number 453925-235691-018 No.

|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/1/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Operational Cover Stability |Sheet 1 |0f 3
Obijective: Determine the operational cover stability due to sliding for a 3H:1V slope.
References: 1. "Designing with Geosynthetics"; Robert M. Koerner

2. "Cover Soil Slope Stability Involving Geosynthetic Interfaces", GRI Report #18

3. Slope Stability Analyses, Charah Colon Mine Structural Fill Permit Application, HDR 2014
Calculations: Finite Slope Analysis

Active: Passive:
(L 1 tang h?
W, =] - W, = —
h sing 2 sin 2.3
ch
N, =W,cosf = —
sin g

20141001 Operational Cover Stability.xIsx

a=(W, — N, cos 3)cos 3

b

c=(N,tans+C,)sin? Stan ¢

_—b++vb®-4ac

2a

FS

HDR

—|(W, — N, cos B)sin ptan g+ (N, tan 5+ C, )sin Scos B +sin B(C +W, tan ¢)]

Operational Cover Stability



HDR Computation Job Number 453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/1/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Operational Cover Stability |Sheet 2 |0f 3
Where:
W, = total weight of active wedge
W, = total weight of passive wedge
N, = effective force normal to the failure plane of the active wedge
Y = unit weight of cover soil
h = thickness of cover soil
L = length of slope measured along the geosynthetic
B = soil slope angle beneath the geosynthetic
¢ = friction angle of cover soil
6 = minimum allowable interface friction angle between slope liner system components
¢, = minumum allowable adhesive force between slope liner system components
C = cohesive force along the failure plane of the passive wedge
¢ = cohesion of cover soil
Given: Slope, M = 3 H:1Vv
Max Structural Fill Depth, H = 34.0 ft (Measurement taken near southwest corner of main fill)
C,= 0 Ib/ft? (Conservatively assume = 0)
c= 0 Ib/ft? (Assume = 0 to account for potential development of tension cracks)
Solution: L= 107.5  ft
= 18.4 degrees
Operational Cover Soil Condition (Assume 24" of CCR will be placed over bottom liner prior to general filling)
Inputs h= 2 ft
Y= 83.8 Ib/ft3 (Fly ash wet density based on 100% standard Proctor compaction, See Ref. 3)
¢= 22.0 degrees (Based on triaxial tests on compacted fly ash, effective stress conditions, see Ref. 3)
6= 22.0 degrees (Adjust to obtain minimum allowable FS = 1.3, see Note below)
Outputs W,= 16,899.3 Ib/ft
Na= 16,035.3 Ib/ft
C, = 0.0 Ib/ft
Wp = 559.6 Ib/ft
C= 0.0 Ib/ft

a= 1,597.7 Ib/ft
b= -2,226.5 Ib/ft
c= 260.8 Ib/ft

| Fs= 13 |

Note: A minimum Factor of Safety of 1.3 is required as recommended by Reference 2

for temporary slopes in non-hazardous waste landfills.

20141001 Operational Cover Stability.xIsx HDR Operational Cover Stability



HDR Computation Job Number 453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/1/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Operational Cover Stability |Sheet 3 |0f 3

Conclusion:

Based on the inputs used, the operational cover soil consisting of 24" of fly ash will be acceptable as long as the geosynthetic
components of the bottom liner system achieve a minimum friction angle of 22 °(conservatively neglecting cohesion along the
interface). The slope stability calculations for the project (Ref. 3) indicate that the critical interface (Geocomposite/Textured HDPE)
friction angle for the proposed bottom liner design using typical values for similar materials is 26°. Therefore, the stability of
the operational cover over the proposed bottom liner design should not be an issue. The unit weight and friction angle of
the material placed on the sideslope as well as the frictional properties of the geosynthetic materials must be confirmed with the

assumptions in this calculation.

20141001 Operational Cover Stability.xlsx HDR Operational Cover Stability
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HDR Computation

Job Number

453925-235691-018 No.

|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Geosynthetic Stresses - Stress Due to Self Weight |Sheet |0f

Case 1: Stress Due to Self Weight
W=5SGy,t(1xH) Ref.1,Page 394
sinB

F = Wi cosptand  Ref. 1, Page 395

Whree:

oa= WsinB-F

1xt

Factor of Safety, FS = o, (allowable)

O1a

W = geomembrane weight

SG = specific gravity of geomembrane

Yw = unit wieght of water
ora = Applied Tensile Stress
B = slope
F = interface frictional strength between geomembrane and underlying material
t = geomembrane thickness
6 = interface friction angle between geomembrane and underlying material
H = slope height

Figure 8.12  Free-body diagram for geomembrane self-weight calculations,

Length of Slope, L =

pwater =

pwater =

SG=

Where:

W = pVa

Where:

\Y

Geomembrane Stresses.xlsx

H
sinB
34 feet
107.5 feet

1,000 kg/m’
1.0 g/cm’

psample

pwater

SG = Specific Gravity
Psample = Density of Sample
Pwater = Density of Water

W = Weight
p = Density
V = Volume

a = Acceleration

L(1xt)

HDR Engineering, Inc. of the Carolinas

Ref. 1, Page 394

62.4 Ib/ft’

Source of Figure 8.12:
Ref. 1, Page 395

Conversions
0.000001 m’/cm®
1000 g/kg
144 in’/ft’

9.81 m/s’

Self Weight



HDR Computation Job Number  453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Geosynthetic Stresses - Stress Due to Self Weight |Sheet |0f
Sideslope Angle, B = 18.43 °
Geocomposite*| Geomembrane| GCL** |Geotextile Geonet
Density, p (g/cm’) 0.94 0.94
Specific Gravity, SG (Unitless) 0.94 0.94
Weight, W (Ibs) 169.61 31.53 120.23 5.97 157.66
Thickness, t (ft) 0.03 0.005 0.03 0.03
Ollowable (PS) 294 2,100 133
*Weight of Geocomposite is equal to the weight of the geonet plus the weight of
the geotextiles on either side of the geonet.
**The weight of the GCL is determined from the weight of a roll (2,600 lbs) divided
by the surface area of the roll (2,325 ftz) to get a pound per ft’. The pound per ft?is
multiplied by a 1 foot wide by length of the slope strip to determine the weight of
the geotextile.
Interface Range of 6 (°) Source & Description Actual & (°)
5., ‘ 9 - 40 Ref 2 Figure 13a: Nonwoven, needle- 7 (not applicable for self weight
oil - Geocomposite punched Geotextile vs Granular Soil calcs.)
Ref 2 Figure 2i: Nonwoven, needle-
Bceacomposite - Geomembrane 15-33 punched Geotextile vs Textured HDPE 26
Ref 2 Figure 11a: Nonwoven, needle-
S Geomembrane - GCL 15-33 punched Geotextile (top of hydrated GCL) 23
vs Textured HDPE
Bect - soi L 15-28 Ref 2 Figure 9e: Woven geotextile 29
- Clay Soil Liner (bottom of GCL) vs Clay Soil

Geocomposite - Geomembrane Interface

Geocomposite thickness, tgr =

W= Wgeocomposite
W= 169.61 Ib
0.03 ft
6= 26 degrees
F= 78 Ib
Opctual = -877 Ib/ft?
Opctual = -6 psi
Onllowable = 294 psi
FS= No Stress |

Geomembrane - GCL Interface

Geomembrane thickness, tgy =

Geomembrane Stresses.xlsx

W = Wgeomembrane + Weeocomposite
W= 201.14 Ib
0.01 ft
6= 23 degrees
F= 81 Ib/ft
Opctwar = -3478  Io/ft?
Oactual = -24 psi
Ollowable = 2,100 psi
FS= No Stress |

HDR Engineering, Inc. of the Carolinas

Self Weight



HDR Computation JobNumber  453925-235691-018  |No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Geosynthetic Stresses - Stress Due to Self Weight |Sheet |0f

GCL - Clay Sail Liner Interface

W= Wgeomembrane + Wgeocomposite + WGCL

W = 321.38 Ib/ft
GCL thickness, tge = 0.03 ft
6= 29 degrees
F= 169 Ib/ft
O = 2,695 Ib/ft?
Opctual = -19 psi
Opliowable = 133 psi

FS= No Stress |

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Self Weight



HDR Computation Job Number 453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/2/2014
|Subject Permit Application |checked KP  |pate 10/29/2014
|Task Geosynthetic Stresses - Stress Due to Operational Cover |sheet |of

Case 2: Stress due to Operational Cover

Operational Cover Density, poc 84 |b/ft® (fly ash wet density based on 100% standard Proctor compaction, See Ref. 3)

Operational Cover Thickness, to¢ 24 in (assumes 2' protective layer of ash will be placed over liner prior to general filling)

Fp= Wsinf Driving Force
Fr = W cosP tand, (frictional force)
Tension = Fp - Fy Ib/ft 144 in’/ft’
Stress = Tension/t/144 psi 12 in/ft

Geocomposite - Geomembrane Interface

W = Weocomposite from Self Weight + Operational Cover over length of slope
170 Ib/ft Wgeocomposite from Self Weight
18,020 Ib/ft Operational Cover over length of slope
W = 18,190 Ib/ft
Geocomposite thickness, tgr= 0.03  ft
6= 26 degrees
Fp= 5,752 Ib/ft
Fr= 8,416 Ib/ft
Teeocomposite = 0 Ib/ft
Opcat = O psi
Opliowable = 294 psi
FS = No Stress |

Geomembrane - GCL Interface

W = Weocomposite T Waeomembrane from Self Weight + Operational Cover over length of slope
201 Ib/ft Waeocomposite + Wgeomembrane from Self Weight
18,020 Ib/ft Operational Cover over length of slope
W = 18,221 Ib/ft
Geomembrane thickness, tgy = 0.01 ft
6,= 23 degrees
Fp= 5,762 Ib/ft
Fr= 7,337 Ib/ft
Teomembrane= 0 Ib/ft
Opcat = O psi
Opllowable = 2,100 psi
FS = No Stress |

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Operational Cover



HDR Computation Job Number 453925-235691-018 |No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/2/2014
|Subject Permit Application |checked ~ KP  |Datel®/29/2014
|Task Geosynthetic Stresses - Stress Due to Operational Cover |sheet |of

GCL - Clay Soil Liner Interface

W = Weeocomposite ¥ Waeomembrane ¥ Wacr from Self Weight + Operational Cover over length of slope
321 Ib/ft Wgeocomposite + Weeomembrane + WL from Self Weight
18,020 Ib/ft Operational Cover over length of slope
W = 18,341 Ib/ft
GCL thickness, tgo, = 0.03  ft
6= 29 degrees
Fp= 5,800 Ib/ft
Fr= 9,645 Ib/ft
Tear= 0 Ib/ft
Opcal = O psi
Opliowable = 133 psi
FS = No Stress |

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Operational Cover



HDR Computation Job Number 453925-235691-018 [No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/2/2014
[subject Permit Application |checked KP  |pate 10/29/2014
|Task Geosynthetic Stresses - Stress Due to Structural Fill |Sheet |0f

Case 3: Stress due to Operational Cover and 10' Lift of Structural Fill

Ash Density, pash = 84 lb/ft? (ash wet density based on 100% standard Proctor compaction, See Ref. 3)
Ash Thickness, tash = 10 feet
Fo= WsinpB Driving Force
Fr= W cosp tan§, (frictional force)
Tension = Fp - Fg Ib/ft 144 in’/ft’
Stress = Tension/t/144 psi 12 in/ft

Geocomposite - Geomembrane Interface

W = Wgeocomposite from Self Weight + Operational Cover + 10' Ash over length of slope
18,190  Ib/ft Weeocomposite 3Nd Woperational cover
90,315 Ib/ft Ash over length of slope
W= 108,504 Ib/ft
Geocomposite thickness, tgr=  0.03  ft
6 = 26 degrees
Fo= 34,312 Ib/ft
Fr= 50,205 Ib/ft
Teeocomposite = 0 lb/ft
Opctual = 0 psi
Opllowable = 294 psi
FS = No Stress |

Geomembrane - GCL Interface

W = Waeocomposite T Waeomembrane from Self Weight + Operational Cover over length of slope
18,221  Ib/ft Weperatonal cover + Weocomposite + Wegeomembrane
90,315 Ib/ft Ash over length of slope
W= 108,536 Ib/ft
Geomembrane thickness, tgyy =  0.01  ft
6 = 23 degrees
Fo= 34,322 Ib/ft
Fr= 43,706 Ib/ft
TGeomembrane = 0 b/t
Oactual = 0 psi
Oallowable = 2,100 psi
FS = No Stress |

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Structural Fill



HDR Computation Job Number 453925-235691-018 [No.

|Project Charah Colon Mine Structural Fill |computed TMY |Date 10/2/2014
|Subject Permit Application |Chec§§d |Dat%:0/29/2014
|Task Geosynthetic Stresses - Stress Due to Structural Fill |Sheet |0f

GCL - Clay Soil Liner Interface

W = Weeocomposite T Weeomembrane + Wacr from Self Weight + Operational Cover over length of slope
18,341  Ib/ft Woperational cover + Waeocomposite + Waeomembrane + Wact
90,315 Ib/ft Asg over length of slope

W = 108,656 Ib/ft

GCL thickness, tgo,= 0.03  ft

6 = 29 degrees

Fo= 34,360 Ib/ft

Fr= 57,138 Ib/ft

TecL = 0 Ib/ft
Opctual = 0 pSI
Oallowable = 133 pSi

FS = No Stress |

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Structural Fill



HDR Computation

Job Number 453925-235691-018 ([No.
|Pr0ject Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Su bject Permit Application |Checked KP |Date 10/29/2014

|Task Geosynthetic Stresses - Stress Due to Operational Equipment |Sheet |0f

Case 4: Stress due to Operational Equipment

CAT D6R WH Waste Handler

OperatingWt.= 45370  Ib (Assumed to be typical of equipment
Ground Contact Area = 4,564 in” placing operation cover with contact
Contact pressure = 9.9 psi pressure less than 10 psi)
Fp= Wsinf Driving Force
Fr = W cosP tans, (frictional force) 144 in’/ft®
Tension = Fp - Fg Ib/ft 12 in/ft

Stress = Tension/t/144 psi

Geocomposite - Geomembrane Interface

W= Wgeocomposite + WOperationaI Cover + WAsh + WOperationaI Equipment
10&504 lb/ft WAsh + WGeocomposite + WOperationaI Cover

1;431 |b/ft, WOperationaI Equipment
W= 109,936 Ib/ft

Geocomposite thickness, tgr = 0.03 ft
6 = 26 degrees
F.= 34,765 Ib
F.= 50,868 Ib
Taeocomposite = 0 lb
Octual = 0 psi
Ollowable = 294 psi

FS = No Stress |

Geomembrane - GCL Interface

W= WGeomembrane + WGeocomposite + WOperationaI Cover + WAsh + WOperationaI Equipment
10&536 lb/ft WAsh + WCperatonaI Cover + WGeocomposite + Wgeomembrane

1;431 |b/ft, WOperationaI Equipment
W= 109,967 Ib/ft

Geomembrane thickness, tgy = 0.01 ft
o = 23 degrees
Fo= 34,775 Ib
Fb= 44283 b
Toeomembrane = 0 Ib
Oactual = 0 psi
Oallowable = 2,100 psi

FS = No Stress

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Operational Equipment



HDR Computation

Job Number 453925-235691-018 ([No.
|Pr0ject Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Su bject Permit Application |Checked KP |Date 10/29/2014

|Task Geosynthetic Stresses - Stress Due to Operational Equipment |Sheet |Of

GCL - Clay Soil Liner Interface

W= WGCL + WGeomembrane + WGeocomposite + WOperationaI Cover + WAsh + WOperationaI Equipment
10&656 lb/ft WAsh + WOperationaI Cover + WGeocomposite + WGeomembrane + WGCL

1;431 |b/ft, WOperationaI Equipment
W= 110,087 Ib/ft

GCL thickness, tge, = 0.03 ft
6, = 29 degrees
F.= 34,813 Ib
F.= 57,891 Ib
Tec = 0 Ib
Oactual = 0 psi
Ollowable = 133 psi

FS = No Stress

Geomembrane Stresses.xlsx HDR Engineering, Inc. of the Carolinas Operational Equipment















HDR Computation Job Number  453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Design Anchor Trench |Sheet |0f
Objective: Determine the maximum allowable anchor trench dimensions to allow geomembrane pullout before yield stress is
exceeded. Evaluate cases for runout only and also anchor trench.
Reference: 1. Koerner, G.R. and D. Nareho. "Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil

Interfaces", GRI Report #30, June 2005
2. Koerner, Robert M., "Designing with Geosynthetics," Prentice Hall, Upper Saddle River, New Jersey, 4th
edition, pp. 487-491.

Calculations:  Without Trench (Runout only): Ref. 2
Figure 5.30 is from Reference 2
Lro = Tawow(cos B - sin B tan &)
on(tan &y +tan §))
Where:
Tatow = allowable force in
geomembrane stress =
Opowt, Where
OaLow = allowable stress in geomembrane, and
= thickness of geomembrane;
= side slope angle;
oy = applied normal stress from cover soil;
6y = angle of shearing resistance between
geomembrane and upper material; and
8. = angle of shearing resistance between
geomembrane and underlying material;
and
Lgo = length of geomembrane runout.
thickness of cover soil = 24 in (assumed Max.) FS= 1.2 , desired FS
unit weight of cover soil = 120 Ib/fe (typical for silty clay) Oyt = 126 Ib/in (from specs - yield)
o= 240 Ib/ft? Oyt = 2,211 psi
6y = 0.0 B/c the geocomposite/soil moves along OaLlow = 1,842 psi
with the geomembrane as it deforms = 0.057 in
8§ = 23.0 SeeAttachmentA (Ref. 1). Conservatively Tawow = 1,260 Ib/ft
neglect cohesion at interface. Non-woven - 3 H:1V

ide of GCL against textured HDPE.
side o against texture _ 18.43 degrees

I Lro= 10.1 ft I This represents largest runout w/o anchor trench.

Anchor Trench.xlIsx HDR Anchor Trench



HDR Computation Job Number  453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Design Anchor Trench |Sheet |0f
With Runout Length & Trench:
Where:
Tatow = allowable force in geomembrane stress =
Oaowt, Where
Oaow = allowable stress in geomembrane, and
= thickness of geomembrane;
B = side slope angle;
Fus = shear force above geomembrane due to
cover soil
F.s = shear force below geomembrane due to
cover soil
F.r = shear force below geomembrane due to
vertical component of T ow
Pa = active each pressure against the backfill
side of the anchor trench
Pp = passive earth pressure against the in-situ
side of the anchor trench
Yar = unit weight of soil in anchor trench
dar = depth of anchor trench
oy = applied normal stress from cover soil;
Ka = coefficient of active earth pressure = tan’
(45-0/2)
Ky = coefficient of passive earth pressure =
tan® (45+¢/2)
® = angle of shearing resistance of respective

Taow€0s B = Fyg+ Fig+ Fir-Ppo+Pp

Pa = (0.5yardar + on)Kadar

Pp

FUG

Anchor Trench.xlIsx

(0.5Yardar + on)Kpdar

ontandy(Lgo)

0.0

I-RO

ontand, (Lgo)

101.9

Lro

HDR

soil

FLT = TALLOWSinB tan6|_

Yar =

169.1

120
240
30
0.3333
3.0000

Ib/ft
Ib/ft3

Ib/ft*
°, assumed

Anchor Trench



HDR Computation Job Number  453925-235691-018 No.
|Project Charah Colon Mine Structural Fill |Computed TMY |Date 10/2/2014
|Subject Permit Application |Checked KP |Date 10/29/2014
|Task Design Anchor Trench |Sheet |0f
TRY LRO = 2 ft
PA = ( 80.4 dAT + 240 ) X (KA X dAT)
Pp=( 80.4 dar + 240 ) X (Kp X da7)
Tawowcos B =  Fus+Fo+Fir-Pa+Pp
TaLowcos B = Fus+Fo+Fr-( 804 dar + 240 ) x(Kyxdap) +( 80.4 dar+ 240 ) x (Kp x da7)
1,195 = Fuo+Fo+Fir-  26.8 da’- 80  dy+ 241.2 da’+ 720 dg
1,195 = 372.9 - 2144  dy+ 640 dy
0 =  -8225 - 2144 da’+ 640 dar
0 = 0 When dar=] 0.970 ft (adjust dAT until right side of equation = 0)
dar = 1.0 ft Use dag = 1.0 ft and Lgg =2.0 ft. Since calcs are based on yield stress, extra FS is
Lro = 2 ft included.

Anchor Trench.xlIsx HDR Anchor Trench
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Computed by: K. Perera
Checked by: TMY 10/22/14

Design of Leachate Collection System

The HELP model Version 3.95D is used to design the leachate collection system for the Colon
Mine Site in Sanford, NC. This section presents the design assumptions, decisions, background
data, and calculations for the water balance model. The section outlines efforts to establish
leachate generation rates and maximum hydraulic heads on the liner. The leachate generation
rates established per acre should be used to design the leachate collection and removal system
(LCRS).

The structural fill liner will consist of the following components, from bottom to top:

* 18-inch compacted soil liner

« GCL

*  60-mil HDPE primary liner

» 300-mil biplanar drainage geocomposite

The final cover system of the structural fill is designed based on high permeable soil as a
drainage layer (Option 1) and an alternate final cover with geocomposite as a drainage layer
(Option 2). Charah will select the final cover for implementation during construction based on
material availability. Accordingly, the structural fill final cover will consist from bottom to top:

Final Cover Option 1
Top Deck
o 40 mil liner
« 2.5-feet drainage layer with 1.0x10™ cm/s (minimum) permeability
o 2-feet non-specified soil layer
« 1-foot low permeability soil layer with 3x10™" cm/s (maximum) permeability
* 6-inch top soil layer

Side Slopes

o 40 mil liner

« 1.5-feet drainage layer with 1.0x10™ cm/s (minimum) permeability

» 1-foot non-specified soil layer

« 1-foot low permeability soil layer with 3.5x10” cm/s (maximum) permeability
e 6-inch top soil layer

Final Cover Option 2
Top Deck
o 40 mil liner
» 250 mil GSE FabriNet HF or equal Geocomposite Drainage Layer
« 5.5-foot low permeability soil layer with 4x10™ cm/s (maximum) permeability
* 6-inch top soil layer

Side Slopes
e 40 mil liner
* 250 mil GSE FabriNet HF or equal Geocomposite Drainage Layer




3.5-foot low permeability soil layer with 4x10™° cm/s (maximum) permeability
6-inch top soil layer

HELP Model Scenarios and Input Data

Scenario 1 modeled a 20-foot depth of ash on the floor of prepared liner based on 5-year
simulation period. The purpose of this model was to demonstrate that the head on the
liner would be less than the thickness of the geocomposite when there was a relatively
shallow lift of waste.

Scenario 2 modeled two 20-foot lifts based on 5-year simulation period. The initial
moisture content of 1% lift was adjusted based on final moisture contents obtained from
Scenario 1. The purpose of this model was to demonstrate that the head on the liner
would be less than the thickness of the geocomposite after the second lift.

Scenario 3 modeled three 20-foot lifts based on 5-year simulation period. The initial
moisture content of 1% and 2" lifts were adjusted based on final moisture contents
obtained from Scenario 2. The purpose of this model was to demonstrate that the head on
the liner would be less than the thickness of the geocomposite after the final lift.

Scenario 4 modeled leachate production after closure below the top deck area of the
structural fill based on Closure Option 1. In addition, the model confirmed that the
capacity of drainage layer in the final cover was not exceeded.

Scenario 5 modeled leachate production after closure below the side slopes of the
structural fill based on Closure Option 1. In addition, the model confirmed that the
capacity of drainage layer in the final cover side slope was not exceeded.

Scenario 6 modeled leachate production after closure below the top deck area of the
structural fill based on Closure Option 2. HELP model confirmed that the drainage layer
capacity is exceeded. Accordingly it is appropriate to assume that the entire cover soil is
saturated on the top deck. This should not have a drastic impact as long as veneer
stability requirements are met.

Scenario 7 modeled leachate production after closure below the side slopes of the
structural fill based on Closure Option 2. In addition, the model confirmed that the
capacity of drainage layer in the final cover side slope was not exceeded.

Each scenario was modeled as a 1-acre area. A major goal for the modeling was to demonstrate
that the drainage layer capacity is not exceeded. The second aim of the modeling was to estimate
leachate production. The table provided in Attachment 1 summarizes the model input data, and
summarizes the results of the scenarios. HELP model output files for scenarios 1-5 are presented
in Attachment 2. Scenarios 6 and 7 are included separately in Attachment 5 for the alternate
cover option

Temperature and solar radiation data were synthetically generated using coefficients from
Raleigh, NC. Evapotranspiration data from Raleigh, NC was used in all scenarios. Sanford is
located approximately 35 miles southeast of Raleigh, NC and should be accurately represented
by weather data generated from Raleigh.



Material Properties and Structural Fill Geometry

Base grades for the Facility will slope to the leachate collection sumps at 2.0 percent (average)
on the floor of the cells. The maximum flow path for leachate in the leachate drainage layer
geocomposite will be 950 feet, at which point the leachate will enter an interceptor perforated
pipe surrounded by gravel trench for conveyance to the sumps.

Final grades for the Facility will slope at 2.0 percent (average) on the top deck and 25 percent on
the side slopes. The maximum flow path when the slope is at 2 percent should be 500 feet and at
25 percent should be 140 feet. Note that at 2 percent, the drainage layer thickness is 2.5 feet and
at 25 percent the drainage layer thickness is 1.5 feet for the closure Option 1. The same
geocomposite 250 mil thick is proposed for top deck and side slope for closure Option 2.

Material properties were set as follows:

 Initial moisture content for ash after placement at the cell is set at optimum moisture
content based on proctor test data. The moisture content was adjusted for existing ash
layers based on previous scenarios. Refer to Attachment 4 for physical properties of
material.

» Default model parameters were used for the final cover layers and subgrade. Note the
permeability for final cover layers was manually adjusted.

» Structural fill base liner was modeled as material texture 35, HDPE.

» Structural fill final cover liner was modeled as material texture 36, LLDPE

» Pinhole density for the membrane liners was set at 1 per acre.

* Installation defects were set at 1 per acre for the membrane liners, reflective of generally
good installation procedures.

* Membrane liner placement quality was assumed to be “good”.

» Structural fill base leachate drainage layer was modeled as material texture 34, except the
transmissivity was modified to reflect select material properties (Refer to Attachment 3).
Transmissivity of the geocomposite should be determined based on site-specific ash and
loading before selecting the material for installation.

A detailed calculation of the bottom liner geocomposite’s required hydraulic conductivity is
contained in Attachment 3. The maximum overburden pressure, based on100 pcf density and
approximately 50 foot ash/soil mixture is 5000 psf.

The select material for alternate final cover in Option 2 is included with model data and
supporting information in Attachment 5. It should be noted that overall thickness of the soil
above the liner material is the same as cover Option 1. A geocomposite is added instead of a soil
drainage layer.

Model Outputs and Conclusions
The table provided in Attachment 1 summarizes the model outputs for each of the scenarios

considered. The model demonstrates that the proposed design will comply with applicable design
standards. More specifically,



The peak head on HDPE bottom liner in any scenario is 0.253 inch, less than the retained
thickness of the geocomposite.

The peak head on the final cover HDPE is less than the thickness of the drainage layer.
Maximum leachate generated during filling is 539 cf/acre/day.

Maximum leachate generated after closure is 6.02 cf/acre/day (Option 1)

Average leachate generated after closure is 1221 cf/acre/year (Option 1)

Maximum leachate generated after closure is 16.347 cf/acre/day (Option 2)

Average leachate generated after closure is 26.6 cf/acre/year (Option 2)

Maximum drainage length in the bottom liner is 950 feet

Maximum drainage length on the top deck of the structural fill cover is 500 feet
Maximum drainage length on the side slope of the structural fill cover is 140 feet

All calculations associated with leachate generation are based on cover Option 1. If cover Option
2 is selected for implementation, then the subsequent analysis performed using leachate
generation rates for Option 1 could be considered conservative since average leachate generated
after closure is substantially less for Option 2 than Option 1.

Assumptions

Adjustment to basegrade slope due to subgrade settlement is neglected.
Ash properties based on available data to HDR from test data for similar material.
Dry density of ash approximately equal to density of water.



Attachment 1

Summary of Model Input Data and Results
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Attachment 1
HELP Model Results

Charah Colon Mine Site

Input Data

Parameter Scenario Scenario Scenario | Scenario | Scenario | Scenario | Scenario

1 2 3 4 5 6 7

SCS runoff curve number 91.21 91.21 91.21 89 89 89 89
fraction of area allowing runoff (%) 100 100 100 100 100 100 100
area simulated (acres) 1 1 1 1 1 1 1
Ash k (cm/sec) 1.6x10"-4 1.6x10"-4 1.6x10"-4[ 1.6x10"-4| 1.6x10"-4| 1.6x10"-4| 1.6x10"-4
subgrade thickness (inches) 18 18 18 18 18 18 18
geocomposite thickness (inches) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
geocomposite hydr. conductivity (cm/sec) 9.7 9.7 9.7 9.7 9.7 9.7 9.7
bottom liner drainage layer slope (%) 2 2 2 2 2 2 2
bottom liner drainage length (feet) 950 950 950 950 950 950 950
HDPE liner thickness (mils) 60 60 60 60 60 60 60
liner pinhole density (holes/acre) 1 1 1 1 1 1 1
liner installation defects (holes/acre) 1 1 1 1 1 1 1
liner placement quality good good good good good good good
recirculation? (amount recirculated) N N N N N N N
cap drainage layer thickness (inches) NA NA NA 30 18 0.25 0.25
cap drainage layer k (cm/sec) NA NA NA| 1.0x10"-4| 1.0x10"-4 4.76 2.76
cap liner thickness (mils) NA NA NA 40 40 40 40
cap liner pinhole density (holes/acre) NA NA NA 1 1 1 1
cap liner installation defects (holes/acre) NA NA NA 1 1 1 1
cap liner placement quality NA NA NA good good good good
number of years simulated 5 5 5 100 100 100 100
Output Data
average annual leachate collected in collection layer (ft*) 43,760 40,522 40,235 1,221 352 26.60 1
average annual head on primary base liner (inches) 2.90E-02 2.60E-02 2.60E-02| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00
peak day leachate collected in collection layer (ft%) 539 262 251 6 3 16.4 0
peak day head on primary base liner (inches) 2.53E-01 1.30E-01 1.24E-01| 4.00E-02| 4.00E-02| 4.00E-02 3.90E-02
peak day head on cap liner (inches) NA NA NA 29.864 17.732 45.5 0.077
waste final moisture content (%) - layer 1 0.2332 0.2332 0.2332 NA NA NA NA
waste final moisture content (%) - layer 2 NA 0.2518 0.2518 NA NA NA NA
waste final moisture content (%) - layer 3 NA NA 0.2534 NA NA NA NA
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Attachment 2

HELP Model Output Files (Scenarios 1-5)



This page intentionally left blank.



charah colon-first lift-rev

R R S R e R R R AR AR R R R R AR R R R R R R R R R R R AR AR R o R e S R R R R R AR R R R R R AR AR R R R e R R AR

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AKX

*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

*x

*x HELP Version 3.95 D (10 August 2012)

*x developed at

*x Institute of Soil Science, University of Hamburg, Germany

*x based on

*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)

*x DEVELOPED BY ENVIRONMENTAL LABORATORY

*x USAE WATERWAYS EXPERIMENT STATION

*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**

*x
AEEAIAAEAAAAAXAAXAAAAAXAAAAXAAAXAAAAXAXAXAAAAXAAXAAXAAXAXAAAXAXAAXAXAXAAXAXAXAAXAAXAXAAAXAXAAXAXAAA XX AXAAh*k
KEAEAIAAIAAAAXAAXAAAAAXAAAAAAAAAAAXAAXAAXAAAAAAIAAAXAAXAAAAAAAAkAhAkhkkhkhAkkhkhAkkhkhAkhkhAhkhkhkkhkhkhkhAhkAhkhhihkii
TIME: 13.33 DATE: 7.10.2014

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA F. 1:
SOIL AND DESIGN DATA FILE 1:
lift.d10

OUTPUT DATA FILE:
lift-rev.out

O 00000

:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
:\HDR_Projects\Sanford\HELP\Charah Sanford.d13
:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
:\HDR_Projects\Sanford\HELP\Charh Colon-first

:\HDR_Projects\Sanford\HELP\charah colon-first

AE A A AA A AAAAAA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAAK

TITLE: Coal Ash-First Lift (20-feet)

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAK

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

Page 1



charah colon-first lift-rev

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R o R e R R R R AR AR AR R R R R AR R R R R SRR SR R R R S e S e R R R S R R R AR R R R R AR R R R Rk R R R S R R e S e

LAYER DATA 1

VALID FOR 5 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.3100 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 2

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
EFFECTIVE SAT. HYD. CONDUCT.= 0.2000E-12 CM/SEC
Page 2



charah colon-first lift-rev
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 1.00 HOLES/ACRE
FML PLACEMENT QUALITY 3 - GOOD

LAYER 4

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AA A AR A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AR AK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 5 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 1000. FEET.

SCS RUNOFF CURVE NUMBER 91.21
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

18.0 INCHES
5.580 INCHES
9.738 INCHES
3.366 INCHES
0.846 INCHES

18.000 INCHES
0.000 INCHES
0.000 INCHES

82.089 INCHES

82.089 INCHES
0.00 INCHES/YEAR

AE A A AA A AAA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA A AAAAAK

EVAPOTRANSPIRATION DATA 1

VALID FOR 5 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA
STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
Page 3

35.87 DEGREES
4.50
86



charah colon-first lift-rev

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 [INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

AE A A AA A A AAAAA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AKX AXK

R R kR e R e R R AR R R R SRR R SR R R SR S e S S S e R R AR R R R e R AR R R R S R e R R R AR R R R R R A

FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1 ' 55.9666 " 0.2332

2 0.0105 0.0412

3 0.0000 0.0000

4 7.6860 0.4270
TOTAL WATER IN LAYERS 63.663
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 63.663

AE A A AA A AAAAAA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AL AK

R R e R e R R AR AR R R R R R AR R SR R R SR S R S S S e R R R AR AR R R R R AR R R R S R R R AR R R R R R R e R R R

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)

PRECIPITATION 5220 18948.600
RUNOFF 3.575 12975.5439
DRAINAGE COLLECTED FROM LAYER 2 0.14852 539.13129
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00058
AVERAGE HEAD ON TOP OF LAYER 3 0.128
MAXIMUM HEAD ON TOP OF LAYER 3 0.253
LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 12.8 FEET
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charah colon-first lift-rev

SNOW WATER 1.67 6061.1177
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3724
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470

***  Maximum heads are computed using McEnroe®s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp-. 262-270.

AE A A AA A A AA A AR A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A A A AKX

R o o R R AR R R o e R AR AR AR R ok R e R R R R R AR R R S e R AR AR R R R R AR R R R S R e Sk R R AR R R R R AR

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

TOTALS 3.26 2.82 4_37 2.63 3.53 5.42
4.57 6.26 2.81 3.77 2.52 2.90
STD. DEVIATIONS 2.96 0.95 1.30 1.89 2.64 1.99
2.29 5.93 1.69 2.69 1.66 1.28
RUNOFF
TOTALS 0.489 0.242 0.579 0.162 0.373 0.551
0.513 1.443 0.529 0.574 0.313 0.395
STD. DEVIATIONS 0.785 0.166 0.386 0.281 0.776 0.349
0.414 2.668 0.737 0.741 0.326 0.378
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.892 2.205 3.293 4.787 6.327 6.770
7.049 5.890 4.466 3.365 2.345 1.543
STD. DEVIATIONS 0.140 0.177 0.179 0.403 0.445 0.263
0.410 0.413 0.352 0.062 0.182 0.125
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.187 1.542 2.190 3.150 4.680 3.930
4.571 3.686 2.519 1.200 0.892 0.784
STD. DEVIATIONS 0.110 0.158 0.278 0.672 1.241 1.381
1.214 1.481 1.114 0.273 0.214 0.166
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 1.0808 0.9755 0.7979 1.0852 1.2494 1.2199
1.2469 1.1912 0.8960 0.8655 0.8652 0.5817
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charah colon-first lift-rev

STD. DEVIATIONS 1.3066 1.4152 0.8021 0.7541 0.8702 0.7798
0.4728 0.2582 0.2120 0.0940 0.3263 0.2376
LATERAL DRAINAGE RECIRCULATED FROM LAYER 2 INTO L. 1
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 3
AVERAGES 0.0301 0.0299 0.0222 0.0313 0.0348 0.0351
0.0348 0.0332 0.0258 0.0241 0.0249 0.0162
STD. DEVIATIONS 0.0364 0.0437 0.0224 0.0217 0.0243 0.0225
0.0132 0.0072 0.0061 0.0026 0.0094 0.0066

R o e R AR R R R R R R R AR R Rk R R S R R R R R R AR R R S SR S e S R S R R R AR AR R R R R S e S R R R

R e R AR AR R R R R R AR R R R R R S R R S SR R R R R T R AR R AR AR R AR AR R R R R AR R S R S R R SR AR R R R S R S R R

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECIPITATION 44 _86 ( 9.753) 162856.3 100.00
RUNOFF 6.163 ( 4.6070) 22371.77 13.737
POTENTIAL EVAPOTRANSPIRATION 49 _.932 ( 0.3704) 181254.19
ACTUAL EVAPOTRANSPIRATION 30.331 ( 1.0151) 110100.95 67.606
LATERAL DRAINAGE COLLECTED 12.05520 ( 6.28163) 43760.371 26.87054
FROM LAYER 2
DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000 0.00000
FROM LAYER 2 INTO L. 1
PERCOLATION/LEAKAGE THROUGH 0.00002 ( 0.00001) 0.058 0.00004
LAYER 4
AVERAGE HEAD ON TOP 0.029 ( 0.015)
OF LAYER 3
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charah colon-first lift-rev

CHANGE IN WATER STORAGE -3.685 ( 8.1517) -13376.83 -8.214

AEEAIAAEAAAAAAAXAXAAAAAAEAAAAAXAAAAXAXAXAXAAAXAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAAXAXAAAXAXAAXXAA*dX
AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAAA AKX
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Charah Colon-second lift

R R R e R R R R R AR AR R R R R R R R AR R R R R SRR R R S S S e R R e S R R R R R AR AR R R S R R R R R AR AR R SR R R e S e R

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AAAK

*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x **x
*x HELP Version 3.95 D (10 August 2012) *x
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
*x based on *x
*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
*x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
** **
*x **x
AEEAIAAXAAAAAXAAXAAAAAXAAAAXAAAXAAAAXAXAXAXAAAXAAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAA XX AXAXh*k
AEAEIAAXAAXAAXAAXAAAAAAAAAAAAAAAAAAXAAAAAXAAXAIAAAXAAXAAAXAAAkAAkAAkhAhkkhkhAkhkAkhkAkhkAhAhkkhAhkkhkhAhkAhkAhkAhihixi
TIME: 13.28 DATE: 7.10.2014

PRECIPITATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
TEMPERATURE DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
SOLAR RADIATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d13

EVAPOTRANSPIRATION DATA F. 1: C:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
SOIL AND DESIGN DATA FILE 1: C:\HDR_Projects\Sanford\HELP\Charh Colon-second

lift.d10

OUTPUT DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Colon-second

lift.out

AE A A AA A A A A A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAXK

TITLE: Charah Colon - Second Lift

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AKX

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/0OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
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Charah Colon-second lift

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R R R R R R R R AR R R R AR AR R R R R SRR R SR R S R S S S e R R e S R R R R AR R R R R AR R R AR R R AR R R R R R SRk

LAYER DATA 1

VALID FOR 5 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.3100 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.2332 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
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Charah Colon-second lift

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

0.0380
9.700
2.00

950.0

VOL/VOL

CM/SEC
PERCENT
FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.

MATERIAL TEXTURE NUMBER 35

0.06

INCHES

0.2000E-12 CM/SEC

FML PINHOLE DENSITY = 1.00
FML INSTALLATION DEFECTS = 1.00
FML PLACEMENT QUALITY = 3 - GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

18.00
0.4270
0.4180
0.3670
0.4270

HOLES/ACRE
HOLES/ACRE

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.1000E-06 CM/SEC

AE A A AA A A AA A A A A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAAAAK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 5 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 1000. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

Page 3

91.
100.
1.
18.
5.
9.
3.
0.
18.
0.
0.
138.
138.
0.

21

0 PERCENT
000 ACRES

0 INCHES
580 INCHES
738 INCHES
366 INCHES
846 INCHES
000 INCHES
000 INCHES
000 INCHES
064 INCHES
064 INCHES
00 INCHES/YEAR



Charah Colon-second 1

ift

R R R e R R R R R AR AR R R R R R R R AR R R R R SRR R R S S S e R R e S R R R R R AR AR R R S R R R R R AR AR R SR R R e S e R

EVAPOTRANSPIRATION DATA

VALID FOR 5 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAIN
RALEIGH NORTH CAROLI

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

ED FROM
NA
35.87
4.50
86
310
18.0
7.70
66.0
70.0
78.0
72.0

DEGREES

INCHES

AE A A AAAAAA A AR A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAA AR A A AAK

R R e R e R R R R AR R R R R R AR R R R R R R R S e R R R AR AR R R R S R R e S e R R R R AR R R R R R R e R R A

FINAL WATER STORAGE AT END OF YEAR 5
LAYER (INCHES) (VOL/VOL)
1 ' 55.9666 " 0.2332
2 60.4315 0.2518
3 0.0146 0.0570
4 0.0000 0.0000
5 7.6860 0.4270
TOTAL WATER IN LAYERS 124.099
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 124.099

AE A A AA A A AAAAA A A AA A A A A A AR A A AR A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA A A A AKX

R R o R e R e R R R R SR AR R R R R R AR R SRR R R R R R R SRR R R R S e S e e e R R R AR R R R Rk R e R R AR

PEAK DAILY VALUES FOR YEARS 1 THROUGH



Charah Colon-second lift

PRECIPITATION 5.22 18948.600
RUNOFF 3.575 12975.5439
DRAINAGE COLLECTED FROM LAYER 3 0.07225 262.26297
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00030
AVERAGE HEAD ON TOP OF LAYER 4 0.062
MAXIMUM HEAD ON TOP OF LAYER 4 0.130
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.67 6061.1177
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3724
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470

***  Maximum heads are computed using McEnroe®s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp- 262-270.

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAA A AR AK

R o o e R R AR R o e R R AR R Rk R R S SR R R R R T S R AR AR R AR AR R R R R R AR AR R R R R SR AR R SRR R R Sk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

TOTALS 3.26 2.82 4.37 2.63 3.53 5.42
4.57 6.26 2.81 3.77 2.52 2.90
STD. DEVIATIONS 2.96 0.95 1.30 1.89 2.64 1.99
2.29 5.93 1.69 2.69 1.66 1.28
RUNOFF
TOTALS 0.489 0.242 0.579 0.162 0.373 0.551
0.513 1.443 0.529 0.574 0.313 0.395
STD. DEVIATIONS 0.785 0.166 0.386 0.281 0.776 0.349
0.414 2.668 0.737 0.741 0.326 0.378
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.892 2.205 3.293 4.787 6.327 6.770
7.049 5.890 4.466 3.365 2.345 1.543



Charah Colon-second lift

STD. DEVIATIONS 0.140 0.177 0.179 0.403 0.445 0.263
0.410 0.413 0.352 0.062 0.182 0.125
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.187 1.542 2.190 3.150 4.680 3.930
4.571 3.686 2.519 1.200 0.892 0.784
STD. DEVIATIONS 0.110 0.158 0.278 0.672 1.241 1.381
1.214 1.481 1.114 0.273 0.214 0.166
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 1.1436  0.9410 0.9548 0.8997 0.5998 0.7245
0.8315 0.8484 0.9490 1.1838 0.9934 1.0936
STD. DEVIATIONS 0.4081 0.4523 0.5742 0.4406 0.3203 0.3806
0.6442 0.6530 0.6533 0.7719 0.5072 0.3708
LATERAL DRAINAGE RECIRCULATED FROM LAYER 3 INTO L. 1
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 5
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 4
AVERAGES 0.0319 0.0288 0.0266 0.0259 0.0167 0.0209
0.0232 0.0236 0.0273 0.0330 0.0286 0.0305
STD. DEVIATIONS 0.0114 0.0139 0.0160 0.0127 0.0089 0.0110
0.0180 0.0182 0.0188 0.0215 0.0146 0.0103

R o o R R R e R R S R R R AR (R R AR R SRR R R R R AR R R R R R R AR R R R R R R AR R S e ok R Sk R R R AR R R S e

R o o e R AR R R S e R R S R R AR (R SRR R SR R R e R R R AR AR e R R R R R AR R S R R SR R R AR R R S e S R R Sk

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECIPITATION 44 _86 C 9.753) 162856.3 100.00
RUNOFF 6.163 ( 4.6070) 22371.77 13.737
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Charah Colon-second lift

POTENTIAL EVAPOTRANSPIRATION 49.932 ( 0.3704) 181254.19

ACTUAL EVAPOTRANSPIRATION 30.331 ( 1.0151) 110100.95 67.606

LATERAL DRAINAGE COLLECTED 11.16312 ( 1.54445) 40522.133 24.88214
FROM LAYER 3

DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000 0.00000
FROM LAYER 3 INTO L. 1

PERCOLAT ION/LEAKAGE THROUGH 0.00002 ( 0.00000) 0.054 0.00003
LAYER 5

AVERAGE HEAD ON TOP 0.026 C 0.004)
OF LAYER 4

CHANGE IN WATER STORAGE -2.793 ( 6.0314) -10138.60 -6.225

AEEAIAAXAAAAAXAAAAAAAXAAAAXAAXAXAAAAXAXAXAXAAAXAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXXAAA*dX
AE A A AA A A A A A A A A A AR A A A A A A A A A A A A AR A A AA A AR A AAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX K
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Charah Colon-thrid lift

R R o R e R e R R AR AR R R R R R AR R AR R R SR R R R R R R R SRR R R R e S R R e R R R AR R R Rk R R S SR R e S e

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA A A A AAK

*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x *x
*x HELP Version 3.95 D (10 August 2012) *x
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
*x based on *x
*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
*x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
** **
*x **x
AEEAAXAAAAXAAXAAAAAXAAAAXAAXAXAAAAXAXAXAXAAAXAAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAAA XXX XAAh*k
AEAEAIAAXAAXAAXAAXAAAAAXAAAAAAAAAAAAAXAAAAAXAAXAIAAAXAAXAAAXAAAkAAkAAkAkhAkkhkhAkhkAkhkAkhkAhkhAhkkhAhhkAhkAhkAhihixi
TIME: 13.33 DATE: 7.10.2014

PRECIPITATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
TEMPERATURE DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
SOLAR RADIATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d13

EVAPOTRANSPIRATION DATA F. 1: C:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
SOIL AND DESIGN DATA FILE 1: C:\HDR_Projects\Sanford\HELP\Charah Colon-third

lift.d10

OUTPUT DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Colon-thrid

lift.out

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AKX AXK

TITLE: Charah Colon- Final Lift

AE A A AA A A AA A A A A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAA AR A AKX AAK

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
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Charah Colon-thrid lift

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R o o R R R e R R R AR AR R R R R R R SRR R SR R R R R R R R AR AR R R R R e S R R R R R AR R R R R R R AR AR R R R R R e R R R

LAYER DATA 1

VALID FOR 5 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.3100 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.2332 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]
= 240.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
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Charah Colon-thrid lift
INITIAL SOIL WATER CONTENT 0.2518 VOL/VOL
EFFECTIVE SAT. HYD. CONDUCT. 0.1600E-03 CM/SEC

LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0503 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

LAYER 5

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
= 0.06 INCHES
0.2000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAA AKX AAK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 5 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 1000. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
Page 3
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Charah Colon-thrid lift

AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH 18.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 5.580 INCHES

UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

9.738 INCHES
3.366 INCHES
0.846 INCHES
18.000 INCHES
0.000 INCHES
0.000 INCHES
198.499 INCHES
198.499 INCHES
0.00 INCHES/YEAR

FTEAEAEIAIEAEAITEAAITXAAXIXAAXAEAAXAAIAXAAXTXAAXTXAAXATXAAXATXAIAXA XXX AXTXIAITXxIAITdhIrdrhirdrhirdrhirdrhdrhirhddhiirhiihiiihiix

EVAPOTRANSPIRATION DATA 1

VALID FOR 5 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA

STATION LATITUDE 35.87 DEGREES

MAXIMUM LEAF AREA INDEX = 4.50

START OF GROWING SEASON (JULIAN DATE) = 86

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

AE A A AA A A AAAAA A A AR A A A A A AR A A AA A AR A A AA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAA AR LA AR XK

R o R e R e R R R AR AR R R R R AR R SR R R SR R o S S e e R R R AR A e R R AR R R R R R S R R e S e

FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1 ' 55.9666 " 0.2332

2 60.4315 0.2518

3 60.8212 0.2534

4 0.0237 0.0925

5 0.0000 0.0000

6 7.6860 0.4270
TOTAL WATER IN LAYERS 184.929
SNOW WATER 0.000
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Charah Colon-thrid lift
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 184.929

FTEAEEIAIEAEAITEAAITXAAXITXAAXAEAAXAAITXAAXTXAAXTAAITXAAXAXAIAXAXAXAXAAXTXIAITXxIAITdhIrdrhirdrhidrhrdrhdrdhirdhihdhiihiiihiix

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA A AXK

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

(INCHES) (CU. FT.)
PRECIPITATION 522 18948.600
RUNOFF 3.575 12975.5439
DRAINAGE COLLECTED FROM LAYER 4 0.06941 251.96625
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00029
AVERAGE HEAD ON TOP OF LAYER 5 0.060
MAXIMUM HEAD ON TOP OF LAYER 5 0.124
LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.67 6061.1177
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3724
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470

***  Maximum heads are computed using McEnroe®s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp- 262-270.

AE A A AA A A AA A AR A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAA AR A A AR XK

R o R AR R R S e R R S R AR R ACRAE SRR R R S S e R R AR AR R R R R AR R Sk R e Sk R R AR R R S

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

TOTALS 3.26 2.82 4_37 2.63 3.53 5.42



Charah Colon-thrid lift

STD. DEVIATIONS 2.96 0.95 1.30 1.89 2.64 1.99
2.29 5.93 1.69 2.69 1.66 1.28
RUNOFF
TOTALS 0.489 0.242 0.579 0.162 0.373 0.551
0.513 1.443 0.529 0.574 0.313 0.395
STD. DEVIATIONS 0.785 0.166 0.386 0.281 0.776 0.349
0.414 2.668 0.737 0.741 0.326 0.378
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.892 2.205 3.293 4.787 6.327 6.770
7.049 5.890 4_466 3.365 2.345 1.543
STD. DEVIATIONS 0.140 0.177 0.179 0.403 0.445 0.263
0.410 0.413 0.352 0.062 0.182 0.125
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.187 1.542 2.190 3.150 4.680 3.930
4.571 3.686 2.519 1.200 0.892 0.784
STD. DEVIATIONS 0.110 0.158 0.278 0.672 1.241 1.381
1.214 1.481 1.114 0.273 0.214 0.166
LATERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.8115 0.7209 0.9860 1.0041 1.1498 1.2343
1.1582 0.9416 0.8917 0.7623 0.6258 0.7979
STD. DEVIATIONS 0.3187 0.4343 0.2879 0.2251 0.4042 0.2733
0.5172 0.4840 0.5784 0.5968 0.5074 0.2368
LATERAL DRAINAGE RECIRCULATED FROM LAYER 4 INTO L. 1
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 5
AVERAGES 0.0226 0.0222 0.0275 0.0289 0.0321 0.0356

0.0323 0.0262 0.0257 0.0212 0.0180 0.0222

STD. DEVIATIONS 0.0089 0.0135 0.0080 0.0065 0.0113 0.0079
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Charah Colon-thrid lift
0.0144 0.0135 0.0167 0.0166 0.0146 0.0066

AE A A AA A A AA A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX

AE A A AA A A AA A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA A AL AAXK

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES CU. FEET PERCENT
PRECIPITATION 44 .86 ( 9.753) 162856.3 100.00
RUNOFF 6.163 ( 4.6070) 22371.77 13.737
POTENTIAL EVAPOTRANSPIRATION 49.932 ( 0.3704) 181254.19
ACTUAL EVAPOTRANSPIRATION 30.331 ( 1.0151) 110100.95 67.606
LATERAL DRAINAGE COLLECTED 11.08410 ( 4.20841) 40235.270 2470600
FROM LAYER 4
DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000 0.00000
FROM LAYER 4 INTO L. 1
PERCOLAT ION/LEAKAGE THROUGH 0.00001 ( 0.00000) 0.054 0.00003
LAYER 6
AVERAGE HEAD ON TOP 0.026 ( 0.010)
OF LAYER 5
CHANGE IN WATER STORAGE -2.714 ( 7.1433) -9851.73 -6.049

AEEAIAAEAAAAAXAAAAAAAXAAAAXAAXAXAAEAAXAXAXAXAAAXAAXAXAAAXAAAXAXAAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXXAAXXX
AE A A AA A A A A A A A A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAXAAAAAAAAAAAAAAAAAAKK
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Charah colon-final cover-top deck-revl

R R R o R S R R R R AR AR R AR R R R AR R R R R R SRR R R R R R R R AR R R S e R e R R R AR AR Rk R R R e R e R R SRk

AE A A AA A A A A A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA AAAK

*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x **x
*x HELP Version 3.95 D (10 August 2012) *x
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
*x based on *x
*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
*x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
** **
*x **x
AEEAAAXAAAAAAAXAAAAAXAAAAXAAXAXAAAAXTAXAXAXAAAXAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAA XX AXAXh*k
AEAEAIAAXAAXAAXAAXAAAAAXAAXAAAAAAAAAXAAXAAXAAAXAAAIAAAXAAXAAAXAAAkAAkAhAkAkhkkhkhAkhkAhAkhkAkhkAhAhkkhAhkkhAhAhkAhkAhkAhihii
TIME: 18.32 DATE: 7.10.2014

PRECIPITATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
TEMPERATURE DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
SOLAR RADIATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d13

EVAPOTRANSPIRATION DATA F. 1: C:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
SOIL AND DESIGN DATA FILE 1: C:\HDR_Projects\Sanford\HELP\Charah Colon-Final

Cover-top deck-rev1l.d10

OUTPUT DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah colon-final

cover-top deck-revl.out

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AXK

TITLE: Final Cover System-Top Deck Model

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AKX AKX

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/0OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
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Charah colon-final cover-top deck-revl

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R R o kR e R e R R R AR R R R R AR R SR R R R S e S S R R R AR R R R R R R AR R R S R R R R R R AR AR R R R R

LAYER DATA 1

VALID FOR 100 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9
= 6.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.4663 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1900E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

12.00 INCHES
0.4750 VOL/VOL
0.3780 VOL/VOL
0.2650 VOL/VOL
0.4070 VOL/VOL
0.3000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12
THICKNESS = 24._.00 INCHES
POROSITY = 0.4710 vOL/VOL
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Charah colon-final cover-top deck-revl
FIELD CAPACITY 0.3420 vOL/VOL
WILTING POINT 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3420 VvOL/VOL
EFFECTIVE SAT. HYD. CONDUCT. 0.4200E-04 CM/SEC

LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]

30.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
0.2440 VOL/VOL
0.1000E-03 CM/SEC
2.00 PERCENT

500.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
= 0.04 INCHES
0.4000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

720.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1870 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH
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Charah colon-final cover-top deck-revl

LAYER 8

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
= 0.06 INCHES
0.2000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 9

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

= 0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7470 VOL/VOL
0.3000E-08 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 10

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA AR AK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 100 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER 89.00
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH

18.0 INCHES
7.682 INCHES
8.706 INCHES
6.240 INCHES
3.990 INCHES

18.000 INCHES
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Charah colon-final cover-top deck-revl
INITIAL SNOW WATER 0.000 INCHES
INITIAL INTERCEPTION WATER 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS 165.726 INCHES
TOTAL INITIAL WATER 165.726 INCHES
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR

AE A A AA A A AAAAA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAXAAAAAAAAA AR A A AXK

EVAPOTRANSPIRATION DATA 1

VALID FOR 100 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA

STATION LATITUDE 35.87 DEGREES

MAXIMUM LEAF AREA INDEX = 4.50

START OF GROWING SEASON (JULIAN DATE) = 86

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

R R o R e R e R A R AR R R R R AR AR R SR R R R R R AR A R R AR R AR AR R R R R AR R R R S R R Rk R R AR

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA AR XK

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)
1 ~ 2.6508 ©0.4418
2 4.4217 0.3685
3 8.2079 0.3420
4 8.5919 0.2864
5 0.0000 0.0000
6 134.6400 0.1870
7 0.0031 0.0121
8 0.0000 0.0000
9 0.1867 0.7470
10 7.6860 0.4270

TOTAL WATER IN LAYERS 166.388
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Charah colon-final cover-top deck-revl

SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 166.388

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA LA AAAK

R R o R S R R R R AR AR R AR R R AR R R AR R SRR R SR R R AR R AR R R R R AR AR AR R R R R O R R R S R R Rk R e R R AR

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(INCHES) (CU. FT.)

PRECIPITATION 522 18948.600
RUNOFF 4.833 17545.1348
DRAINAGE COLLECTED FROM LAYER 4 0.00049 1.78363
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.001659 6.02173
AVERAGE HEAD ON TOP OF LAYER 5 21.677
MAXIMUM HEAD ON TOP OF LAYER 5 29.864
LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRAIN) 155.4 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00166 6.01989
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 8 0.001
MAXIMUM HEAD ON TOP OF LAYER 8 0.040
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 10 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 10 0.000
SNOW WATER 3.56 12918.0498
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4837
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2217

***  Maximum heads are computed using McEnroe®s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAAK
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AE A A AA A A A A A A A A A A A A A A A A A A A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAXAAAAAAAAAAAA AL AKX

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

TOTALS 3.66 3.21 3.90 3.07 3.53 3.90
4.28 4.91 3.41 2.84 2.99 2.98
STD. DEVIATIONS 1.92 1.63 1.42 1.34 1.84 2.01
1.90 2.75 2.13 1.73 1.84 1.56
RUNOFF
TOTALS 1.951 1.639 1.558 0.830 0.718 0.500
0.534 1.096 0.749 0.870 1.285 1.422
STD. DEVIATIONS 1.642 1.571 1.181 0.819 0.982 0.781
0.868 1.654 1.177 1.202 1.452 1.261
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.867 2.198 3.605 4.849 6.329 7.019
6.807 6.063 4.589 3.407 2.162 1.609
STD. DEVIATIONS 0.176 0.222 0.268 0.325 0.284 0.302
0.314 0.271 0.277 0.205 0.168 0.131
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.172 1.469 2.293 2.572 4.813 4.165
3.712 3.562 2.432 1.124 0.918 0.872
STD. DEVIATIONS 0.231 0.271 0.348 0.542 0.852 1.452
1.167 1.070 0.877 0.298 0.230 0.206
LATERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.0071 0.0064 0.0071 0.0072 0.0079 0.0080
0.0082 0.0080 0.0076 0.0076 0.0072 0.0073
STD. DEVIATIONS 0.0025 0.0023 0.0024 0.0024 0.0027 0.0026
0.0027 0.0026 0.0025 0.0025 0.0024 0.0025
LATERAL DRAINAGE RECIRCULATED FROM LAYER 4 INTO L. 1
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 5
TOTALS 0.0270 0.0244 0.0270 0.0271 0.0295 0.0295

0.0303 0.0297 0.0283 0.0287 0.0273 0.0277
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STD. DEVIATIONS 0.0081 0.0073 0.0078 0.0077 0.0083 0.0081
0.0084 0.0082 0.0078 0.0080 0.0076 0.0077
LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS 0.0270 0.0244 0.0270 0.0270 0.0295 0.0295
0.0303 0.0297 0.0283 0.0287 0.0273 0.0277
STD. DEVIATIONS 0.0081 0.0073 0.0078 0.0077 0.0083 0.0081
0.0084 0.0082 0.0078 0.0080 0.0076 0.0077
LATERAL DRAINAGE RECIRCULATED FROM LAYER 7 INTO L. 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 8
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 10
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 5
AVERAGES 10.1284 10.0229 10.1310 10.5554 11.2798 11.6938

11.6026 11.3571 11.1184 10.8841 10.6540 10.4281

STD. DEVIATIONS 3.5670 3.5107 3.4581 3.5694 3.7780 3.8541
3.8275 3.7561 3.6872 3.6195 3.5529 3.4874

DAILY AVERAGE HEAD ON TOP OF LAYER 8

AVERAGES 0.0008 0.0007 0.0008 0.0008 0.0008 0.0008
0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
STD. DEVIATIONS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

DAILY AVERAGE HEAD ON TOP OF LAYER 10
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.0000
0.0000

STD. DEVIATIONS 0.0000

0.0000

R o o R R AR R e o e R R AR AR R R Tk R R R R R R R R R AR AR R R R R R R AR AR AR R R R R AR R R SRk R R R R S e S R R

R o e R AR AR R R R e R R AR R R R R R R S R R R R R e R R AR R R e S R S R R AR AR R R R SRk R R R R S e e S S R S

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT

PRECIPITATION 42 .69 ( 6.985) 154963.6 100.00

RUNOFF 13.151 ( 5.1884) 47736.91 30.805

POTENTIAL EVAPOTRANSPIRATION 50.506 ( 0.9138) 183335.89

ACTUAL EVAPOTRANSPIRATION 29.106 ( 2.5840) 105656.12 68.181

LATERAL DRAINAGE COLLECTED 0.08963 ( 0.02930) 325.344  0.20995
FROM LAYER 4

DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000  0.00000
FROM LAYER 4 INTO L. 1

PERCOLAT ION/LEAKAGE THROUGH 0.33643 ( 0.09240) 1221.230 0.78808
LAYER 5

AVERAGE HEAD ON TOP 10.821 (  3.536)
OF LAYER 5

LATERAL DRAINAGE COLLECTED 0.33642 ( 0.09240) 1221.202  0.78806
FROM LAYER 7

DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000  0.00000
FROM LAYER 7 INTO L. 6

PERCOLAT ION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001
LAYER 8

AVERAGE HEAD ON TOP 0.001 (  0.000)
OF LAYER 8

PERCOLAT ION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001
LAYER 10

AVERAGE HEAD ON TOP 0.000 (  0.000)
OF LAYER 10

CHANGE IN WATER STORAGE 0.007 ( 0.8117) 24.05 0.016

AE A A AA A A AA A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAALAAAAAAAAAAAAAAAAAAAAAA AT A AKX X
AEEAIAAEAAAAAXAAAAAAXAAAAAXAAAXAAAAXAAXAXAXAAAXAXAXAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAAA XA XXX XA XXX X
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AEEAAAEAAAAAXAAXAAAAAXAAAAXAAXAXAAAAXAAXAXAXAAAXAAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAAA XX AXAAh*k
AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AL AAK

** **
*x **x
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x **x
*x HELP Version 3.95 D (10 August 2012) *x
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
*x based on *x
*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
*x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
** **
*x **x
AEEAIAAXAAAAAXAAXAAAAAXAAAAXAAXAXAAAAXAXAXAXAAAXAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAAXAXAAAXAXAAXAXAAA XX AXAAi*k
AEAEAIAIAIAAXAAXAAXAAAAAXAAXAAAAAAAAAXAAXAAXAAAXAAAIAAAXAAXAAAIAAAkAAkAAAAhkkhkhAkhkhAkhkhAkhkhAhkkhkhkkhkhAhkAhkAhkhAhihixi
TIME: 18.29 DATE: 7.10.2014

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA F. 1:
SOIL AND DESIGN DATA FILE 1:
Cover-side slope-rev2.d10
OUTPUT DATA FILE:
side slope-rev2.out

:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
:\HDR_Projects\Sanford\HELP\Charah Sanford.d13
:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
:\HDR_Projects\Sanford\HELP\Charah Colon-Final

O 00000

:\HDR_Projects\Sanford\HELP\charah colon final

AE A A AAAAAAAAA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A LXK

TITLE: Final Cover System-Side Slope

AEEAAA A A AA A AR A A AR A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAAK

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

Page 1
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charah colon final cover side slope-rev2

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R e o o e R e R R A o o R e R o o R R LR R o o o o S e R R AR O R R e R R R AR R R R R R R R R S e S e

LAYER DATA 1

VALID FOR 100 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9
= 6.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.4612 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1900E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

12.00 INCHES
0.4750 VOL/VOL
0.3780 VOL/VOL
0.2650 VOL/VOL
0.4281 VOL/VOL
0.3500E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12
THICKNESS = 12.00 INCHES
POROSITY = 0.4710 VvOL/VOL
Page 2



charah colon final cover side slope-rev2
FIELD CAPACITY 0.3420 VvOL/VOL
WILTING POINT 0.2100 VvOL/VOL
INITIAL SOIL WATER CONTENT 0.3420 VvOL/VOL
EFFECTIVE SAT. HYD. CONDUCT. 0.4200E-04 CM/SEC

LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]

18.00 INCHES
0.3980 VOL/VOL
0.2440 VOL/VOL
0.1360 VOL/VOL
0.2440 VOL/VOL
0.1000E-03 CM/SEC

25.00 PERCENT

140.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
= 0.04 INCHES
0.4000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

360.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1870 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH
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LAYER 8

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
= 0.06 INCHES
0.2000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 9

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

= 0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7470 VOL/VOL
0.3000E-08 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 10

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAA AR LA A AXK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 100 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER 89.00
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH

18.0 INCHES
7.905 INCHES
8.706 INCHES
6.240 INCHES
3.990 INCHES

18.000 INCHES
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INITIAL SNOW WATER 0.000 INCHES
INITIAL INTERCEPTION WATER 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS 91.596 INCHES
TOTAL INITIAL WATER 91.596 INCHES
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR

AEEAAA A A AAAAA A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AXK

EVAPOTRANSPIRATION DATA 1

VALID FOR 100 YEARS

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA

STATION LATITUDE 35.87 DEGREES

MAXIMUM LEAF AREA INDEX = 4.50

START OF GROWING SEASON (JULIAN DATE) = 86

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

R R R e R R R AR AR R AR R R R R AR R R R R SRR R SR R R R S S S e o R e S R R R R R AR R S R Rk R e R AR O R

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA A AL AAK

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)
1  2.6102 ©0.4350
2 4.5800 0.3817
3 4.1039 0.3420
4 4.4983 0.2499
5 0.0000 0.0000
6 67.3200 0.1870
7 0.0026 0.0103
8 0.0000 0.0000
9 0.1867 0.7470
10 7.6860 0.4270

TOTAL WATER IN LAYERS 90.988
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SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 90.988

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA A AAAAXK

R R R R e R R R R AR AR R R R R R AR AR R R R R SRR SR S R o S S S e e R R AR AR R Sk R R R AR R S S

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(INCHES) (CU. FT.)

PRECIPITATION 522 18948.600
RUNOFF 4.806 174466719
DRAINAGE COLLECTED FROM LAYER 4 0.00943 34.22776
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000862 3.12959
AVERAGE HEAD ON TOP OF LAYER 5 9.896
MAXIMUM HEAD ON TOP OF LAYER 5 17.732
LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRAIN) 6.7 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00086 3.12944
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 8 0.001
MAXIMUM HEAD ON TOP OF LAYER 8 0.040
LOCATION OF MAXIMUM HEAD IN LAYER 7

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 10 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 10 0.000
SNOW WATER 3.56 12918.0498
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4837
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2217

***  Maximum heads are computed using McEnroe®s equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AXK

Page 6



charah colon final cover side slope-rev2

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AR A AAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

TOTALS 3.66 3.21 3.90 3.07 3.53 3.90
4.28 4.91 3.41 2.84 2.99 2.98
STD. DEVIATIONS 1.92 1.63 1.42 1.34 1.84 2.01
1.90 2.75 2.13 1.73 1.84 1.56
RUNOFF
TOTALS 1.853 1.556 1.462 0.775 0.728 0.492
0.525 1.077 0.731 0.825 1.206 1.324
STD. DEVIATIONS 1.603 1.548 1.152 0.790 0.970 0.766
0.871 1.627 1.161 1.166 1.399 1.226
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.867 2.198 3.605 4.849 6.329 7.019
6.807 6.063 4.589 3.407 2.162 1.609
STD. DEVIATIONS 0.176 0.222 0.268 0.325 0.284 0.302
0.314 0.271 0.277 0.205 0.168 0.131
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.183 1.473 2.295 2.565 4.698 4.302
3.738 3.566 2.440 1.142 0.932 0.885
STD. DEVIATIONS 0.236 0.275 0.361 0.505 0.822 1.496
1.197 1.086 0.887 0.308 0.238 0.211
LATERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.0275 0.0447 0.0901 0.1126 0.1179 0.1038
0.0880 0.0710 0.0556 0.0464 0.0362 0.0302
STD. DEVIATIONS 0.0139 0.0320 0.0555 0.0597 0.0586 0.0493
0.0421 0.0341 0.0268 0.0225 0.0176 0.0147
LATERAL DRAINAGE RECIRCULATED FROM LAYER 4 INTO L. 1
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 5
TOTALS 0.0041  0.0057 0.0101 0.0121 0.0126 0.0114

0.0101 0.0085 0.0070 0.0061 0.0050 0.0044
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STD. DEVIATIONS 0.0017 0.0032 0.0052 0.0054 0.0054 0.0046
0.0041 0.0035 0.0028 0.0025 0.0021 0.0018
LATERAL DRAINAGE COLLECTED FROM LAYER 7
TOTALS 0.0041 0.0056 0.0101 0.0120 0.0127 0.0114
0.0101 0.0085 0.0070 0.0061 0.0050 0.0044
STD. DEVIATIONS 0.0017 0.0031 0.0051 0.0054 0.0054 0.0046
0.0041 0.0035 0.0029 0.0025 0.0021 0.0018
LATERAL DRAINAGE RECIRCULATED FROM LAYER 7 INTO L. 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 8
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 10
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 5
AVERAGES 0.9299 1.6609 3.0516 3.9395 3.9916 3.6306
2.9788 2.4039 1.9443 1.5712 1.2678 1.0224
STD. DEVIATIONS 0.4721 1.1815 1.8796 2.0889 1.9856 1.7258
1.4251 1.1541 0.9369 0.7601 0.6159 0.4988
DAILY AVERAGE HEAD ON TOP OF LAYER 8
AVERAGES 0.0001 0.0002 0.0003 0.0003 0.0004 0.0003
0.0003 0.0002 0.0002 0.0002 0.0001 0.0001
STD. DEVIATIONS 0.0000 0.0001 0.0001 0.0002 0.0001 0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
DAILY AVERAGE HEAD ON TOP OF LAYER 10
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.0000
0.0000

STD. DEVIATIONS 0.0000

0.0000

R o R A R R R R AR R kR e ok R ek S R R R AR R R R R AR AR R R AR R AR AR R AR AR R R AR R R SRk R R R R S e R R R R

R o o O e o e o o R R AR R R R S T e S b e S b e e b e S S e e e o S AR R SR AR Sk ok R R R AR o S S

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT

PRECIPITATION 42 .69 ( 6.985) 154963 .6 100.00

RUNOFF 12.555 ( 5.1002) 45572.88 29.409

POTENTIAL EVAPOTRANSPIRATION 50.506 ( 0.9138) 183335.89

ACTUAL EVAPOTRANSPIRATION 29.220 ( 2.6210) 106069.01 68.448

LATERAL DRAINAGE COLLECTED 0.82403 ( 0.40705) 2991.227 1.93028
FROM LAYER 4

DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000  0.00000
FROM LAYER 4 INTO L. 1

PERCOLAT ION/LEAKAGE THROUGH 0.09713 ( 0.04005) 352.576 0.22752
LAYER 5

AVERAGE HEAD ON TOP 2.366 (  1.169)
OF LAYER 5

LATERAL DRAINAGE COLLECTED 0.09713 ( 0.04002) 352.564  0.22751
FROM LAYER 7

DRAINAGE RECIRCULATED 0.00000 ( 0.00000) 0.000  0.00000
FROM LAYER 7 INTO L. 6

PERCOLAT ION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001
LAYER 8

AVERAGE HEAD ON TOP 0.000 (  0.000)
OF LAYER 8

PERCOLAT ION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001
LAYER 10

AVERAGE HEAD ON TOP 0.000 (  0.000)
OF LAYER 10

CHANGE IN WATER STORAGE -0.006 ( 0.9656) -22.07 -0.014

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AR A AAALAAAAAAALAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX K
AEEAIAAEAAAAAXAAXAAAAAXAAAAXAAXAXAAAAXAXAXAXAAAXAAXAXAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAAA*XX
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19103 Gundle Road
Houston, Texas 77073
281.443.8564
281.875.6010
800.435.2008

October 1, 2014

Kanishka Perera, Ph.D., P.E.
HDR

200 W. Forsyth Street
Jacksonwville, Florida 32202

RE: CoalDrain FabriNet Geocomposite Transmissivity (ASTM D 4716) Results
Duke Energy Landfill Cell Construction, North Carolina

Dear Mr. Perera,

As requested, GSE Environmental, LLC has summarized transmissivity test results for
300 mil CoalDrain FabriNet Geocomposite. CoalDrain Geocomposite is specifically
designed to minimize clogging, piping and the intrusion of non-cohesive fine-grained
material into the landfill leachate collection system. It is a 300 mil thick biplanar geonet
structure with an innovative composite fabric to serve as a filter against fine material
such as fly ash and gypsum. Testing was conducted in accordance with ASTM D 4716
Standard Test Method for Determining the (In-plane) Flow Rate per Unit Width and
Hydraulic Transmissivity of a Geosynthetic Using a Constant Head.

Please note that the following Transmissivity test results are based on these boundary
conditions: 100-hours at a Gradient of 0.02 using water at 20°C (68°F) between Fly
Ash/Geocomposite/Geomembrane boundaries.

Normal Load Transmissivity Thickness Retained Creep Reduction
(psf) (m?/s) (%) Factor
5,000 3.3x10 95 1.06

Thickness Retained and Creep Reduction Factor are based on conventional 10,000-
hour geonet creep data. The maximum recommended design load on 300 mil biplanar
CoalDrain FabriNet Geocomposite is about 15,000 psf.

Please contact me at (502) 209-0325 should you wish to discuss or have questions.

Respectfully,

Steven M. Mayes, P.E.
Senior Technical Manager, North America

SMM2013001



PRODUCT DATA SHEET

GSE CoalDrain 300 mil Geocomposite (Double-Sided)

GSE CoalDrain geocomposite consists of a 300 mil thick GSE HyperNet geonet heat- [*]

laminated with a non-woven geotextile on the bottom side and an innovative composite

fabric on the top side. The top geotextile serves as filter against fine materials like
coal ash and FGD gypsum while the core serves the drainage function. The innovative
geocomposite has been tested extensively in the laboratory and the field and has

been proven to meet the performance requirements of an effective filter against coal

combustion residuals.

Product Specifications

AT THE CORE:

A high flow
geocomposite that
effectively filters coal
combustion residuals.

Tested Property Test Method m Minimum Average Roll Value®™

Geocomposite

Transmissivity®, gal/min/ft (m?/sec)
Ply Adhesion, Ib/in

Geonet Core®® - GSE HyperNet 300
Geonet Core Thickness, mil

Density, g/cm?

Tensile Strength (MD), Ib/in

Carbon Black Content, %

Compressive Strength, psf

Top Composite Geotextile®®
Structure

Mass per Unit Area, oz/yd?

Grab Tensile Strength, Ib

Puncture Strength, Ib

Trapezoidal Tear Strength, Ib

AQOS, US Sieve (mm)

Permittivity, (sec™)

Water Flow Rate, gpm/ft2

UV Resistance, % retained

Field Basin Tests

| DURABILITY RUNS DEEP |

ASTM D 4716

ASTM D 7005

ASTM D 5199
ASTM D 1505
ASTM D 7179
ASTM D 4218
ASTM D 6364

Hybrid monolithic woven-nonwoven needlepunched

ASTM D 5261
ASTM D 4632
ASTM D 4833
ASTM D 4533
ASTM D 4751
ASTM D 4491
ASTM D 4491

ASTM D 4355
(after 500 hours)

1/540,000 ft?

1/50,000 ft?

1/50,000 ft?
1/50,000 ft2
1/50,000 ft2
1/50,000 ft?
1/540,000 ft2

1/90,000 ft2
1/90,000 ft?
1/90,000 ft?
1/90,000 ft2
1/540,000 ft2
1/500,000 ft?
1/500,000 ft?

per formulation

per formulation

4.35 (9 X104

0.5

300
0.94
75

20
25,000

200

100

85

170 (0.088)
0.3

20

70

see note®

[Product specifications continued on back]

o’

ENVIRONMENTAL™



[*]

AT THE CORE:

A high flow
geocomposite that
effectively filters coal
combustion residuals.

ProductSpecifications[continued]

Tested Property ‘ Test Method ‘ Frequency ‘ imum Average Roll Value®™

Bottom Geotextile

Mass per Unit Area, oz/yd? ASTM D 5261 1/90,000 ft2 6
Grab Tensile Strength, Ib ASTM D 4632 1/90,000 ft? 160
Grab Elongation ASTM D 4632 1/90,000 ft2 50%
CBR Puncture Strength, Ib ASTM D 6241 1/90,000 ft? 435
Trapezoidal Tear Strength, Ib ASTM D 4533 1/90,000 ft2 65
AOS, US Sieve (mm) ASTM D 4751 1/540,000 ft? 70 (0.212)
Permittivity, (sec™) ASTM D 4491 1/540,000 ft2 1.5
Water Flow Rate, gpm/ft? ASTM D 4491 1/540,000 ft2 10
UV Resistance, % retained ASTM D 4355 per formulation 70
(after 500 hours)
TYPICAL ROLL DIMENSIONS®
Roll Width, ft 15.0
Roll Length, ft 160
Roll Area, ft? 2,400
NOTES:

« WAl geotextile are minimum average roll values except AOS which is maximum average roll value and UV resistance is typical value. Geonet core thickness is

nominal value.

« @Gradient of 0.1, normal load of 10,000 psf, water at 70° F between steel plates for 15 minutes. Contact GSE for performance transmissivity value for use in design.

« ®Component properties prior to lamination.
* @WRoll widths and lengths have a tolerance of £1%.
* OFjlter compatibility with a minimum of three types of CCP materials (fly ash, stabilized FGD, and FGD gypsum) under simulated field conditions.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ IIIIIIAIIILITY IIIINS nEEP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Environmental, LLC in the United States and certain foreign
countries. REV 290CT2013
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charah colon final cover top deck-rev7

AEEAAAEAAAAAXAAXAAAAAXAAAAXAAAXAAAAXTAXAXAXAAAXAAXAAXAAXAXAAAXAXAAAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAAA XXX XXXh*k
AE A A AA A A A A A AA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA AAAK

** **
*x **x
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
*x **x
*x HELP Version 3.95 D (10 August 2012) *x
*x developed at *x
*x Institute of Soil Science, University of Hamburg, Germany *x
*x based on *x
*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
*x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
** **
*x **x
AEEAAAXAAAAAAAXAAAAAXAAAAXAAXAXAAAAXTAXAXAXAAAXAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAXAA XX AXAXh*k
AEAEAIAAXAAXAAXAAXAAAAAXAAXAAAAAAAAAXAAXAAXAAAXAAAIAAAXAAXAAAXAAAkAAkAhAkAkhkkhkhAkhkAhAkhkAkhkAhAhkkhAhkkhAhAhkAhkAhkAhihii
TIME: 14.09 DATE: 16.10.2014

PRECIPITATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
TEMPERATURE DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
SOLAR RADIATION DATA FILE: C:\HDR_Projects\Sanford\HELP\Charah Sanford.d13

EVAPOTRANSPIRATION DATA F. 1: C:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
SOIL AND DESIGN DATA FILE 1: C:\HDR_Projects\Sanford\HELP\charah colon final
cover-top deck rev7.d10

OUTPUT DATA FILE: C:\HDR_Projects\Sanford\HELP\charah colon final
top deck-rev7.out

AE A A AA A A AA A AA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AXK

TITLE: Final Cover Side Slope- Top Soil and Subsoil Option

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AKX AKX

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/0OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

Page 1
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charah colon final cover top deck-rev7

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R R o kR e R e R R R AR R R R R AR R SR R R R S e S S R R R AR R R R R R R AR R R S R R R R R R AR AR R R R R

LAYER DATA 1

VALID FOR 100 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9
= 6.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2864 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1900E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

66.00 INCHES
0.4710 VOL/VOL
0.3420 VOL/VOL
0.2100 VOL/VOL
0.3962 VOL/VOL
0.4000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0
THICKNESS = 0.21 INCHES
POROSITY = 0.8500 VOL/VOL
Page 2



charah colon final cover top deck-rev7
FIELD CAPACITY 0.0100 VOL/VOL
WILTING POINT 0.0050 VvOL/VOL
INITIAL SOIL WATER CONTENT 0.2366 VOL/VOL
EFFECTIVE SAT. HYD. CONDUCT. 4.760 CM/SEC
SLOPE 2.00 PERCENT
DRAINAGE LENGTH 500.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
= 0.04 INCHES
0.4000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

720.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1870 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
= 0.06 INCHES
0.2000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

Page 3
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LAYER 8

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

= 0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7470 VOL/VOL
0.3000E-08 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 9

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A A AA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA A AAK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 100 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER 89.00
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

18.0 INCHES
6.047 INCHES
8.658 INCHES
5.808 INCHES
3.330 INCHES

18.000 INCHES
0.000 INCHES
0.000 INCHES

170.434 INCHES
170.434 INCHES
0.00 INCHES/YEAR

R R o R e R e R R AR R AR R R R R AR R R AR R SRR R SR R R R S S S e R R R O R R S R AR R R R R R S R R e R R R

EVAPOTRANSPIRATION DATA 1

VALID FOR 100 YEARS
Page 4
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NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA

STATION LATITUDE 35.87 DEGREES

MAXIMUM LEAF AREA INDEX = 4.50

START OF GROWING SEASON (JULIAN DATE) = 86

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

R R R R R S R R R R AR R AR R R R AR AR R R AR R SRR SR R R S S R R R AR R R R R AR R S R S R R Rk R e R R R ARk

AE A A AA A A AAAAA A A AR A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A AXK

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)

1 © 1.6981 0.2830

2 25.2440 0.3825

3 0.0505 0.2404

4 0.0000 0.0000

5 134.6400 0.1870

6 0.0026 0.0101

7 0.0000 0.0000

8 0.1867 0.7470

9 7.6860 0.4270
TOTAL WATER IN LAYERS 169.508
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 169.508

R R R R e R e R R R AR R R R AR R AR AR R R AR R SRR R R o R R R AR R AR AR R R R R AR R R R ek R R R R R AR AR R e S e

AE A A AA A A AAAAA A A AR A A A A A AR A A AA A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAA AR A AKX LXK

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100
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(INCHES) (CU. FT.)

PRECIPITATION 522 18948.600
RUNOFF 3.036 11019.6533
DRAINAGE COLLECTED FROM LAYER 3 0.23231 843.27509
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.003584 13.00886
AVERAGE HEAD ON TOP OF LAYER 4 36.103
MAXIMUM HEAD ON TOP OF LAYER 4 45.513
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 192.0 FEET
DRAINAGE COLLECTED FROM LAYER 6 0.00450 16.34715
PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 7 0.004
MAXIMUM HEAD ON TOP OF LAYER 7 0.040
LOCATION OF MAXIMUM HEAD IN LAYER 6

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00003
AVERAGE HEAD ON TOP OF LAYER 9 0.000
SNOW WATER 3.56 12918.0498
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4229
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1850

***  Maximum heads are computed using McEnroe®s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA A A A AXK

R o o R R AR R e o e R R AR AR R R Tk R R R R R R R R R AR AR R R R R R R AR AR AR R R R R AR R R SRk R R R R S e S R R

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

TOTALS 3.66 3.21 3.90 3.07 3.53 3.90
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STD. DEVIATIONS 1.92
1.90
RUNOFF
TOTALS 0.404
0.301
STD. DEVIATIONS 0.494
0.405

POTENTIAL EVAPOTRANSPIRATION

TOTALS 1.867
6.807
STD. DEVIATIONS 0.176
0.314
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.126
3.856
STD. DEVIATIONS 0.223
1.389

1.63
2.75

0.309
0.592

0.441
0.773

2.198
6.063

0.222
0.271

1.432
3.727

0.258
1.305

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 1.7591
0.1506
STD. DEVIATIONS 1.0680
0.2059
PERCOLATION/LEAKAGE THROUGH LAYER
TOTALS 0.0013
0.0001
STD. DEVIATIONS 0.0023
0.0001

LATERAL DRAINAGE COLLECTED FROM LAYER 6

TOTALS 0.0011
0.0001
STD. DEVIATIONS 0.0019
0.0001

PERCOLAT ION/LEAKAGE THROUGH LAYER
TOTALS 0.0000
0.0000
STD. DEVIATIONS 0.0000
0.0000

PERCOLATION/LEAKAGE THROUGH LAYER
TOTALS 0.0000
0.0000

0.0000
0.0000
Page 7

1.42
2.13

0.281
0.389

0.290
0.535

3.605
4.589

0.268
0.277

2.315
2.573

0.346
1.047

1.6542
0.1801

0.9776
0.5424

0.0008
0.0003

0.0011
0.0021

0.0012
0.0003

0.0038
0.0021

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

1.34
1.73

0.126
0.271

0.173
0.375

4.849
3.407

0.325
0.205

3.407
1.138

0.593
0.316

1.2669
0.2473

0.7343
0.4872

0.0005
0.0001

0.0005
0.0002

0.0005
0.0001

0.0006
0.0002

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

B

O OO O OO O OO Oorr OhM O NO O OO

O OO

(@)

.84
.84

.222
.312

.366
.408

.329
-162

.284
.168

.019
-890

.288
.222

.8305
-4566

-3596
.6767

.0003
-0002

-0001
.0004

.0003
-0002

-0001
.0004

.0000
-0000

-0000
.0000

-0000

0.0000

O OO O OO RO RO Oor OWw oo kPN OO OO =N

O OO

o

.01
.56

.257
.267

-359
.325

.019
-609

-302
-131

.563
.842

.442
.212

-4630
-1402

.2408
.1167

.0002
-0008

-0001
.0018

.0002
-0008

-0001
.0018

.0000
-0000

-0000
.0000

-0000

0.0000
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STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.2629 0.7898 0.1304 0.0592 0.0248 0.0143
0.0045 0.0029 0.0695 0.0097 0.0257 0.1590
STD. DEVIATIONS 0.6663 2.6631 0.2749 0.1407 0.0108 0.0074
0.0062 0.0071 0.6525 0.0347 0.0846 0.5056

DAILY AVERAGE HEAD ON TOP OF LAYER 7
AVERAGES 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000
0.0000 0.0000 0.0001 0.0000 0.0000 0.0001

DAILY AVERAGE HEAD ON TOP OF LAYER 9
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AE A A AA A A A A A A A A A A A A A A A A A A A A A A A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AKX X

AE A A AA A A A A A A A A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX K

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT
PRECIPITATION 42 .69 ( 6.985) 154963.6 100.00
RUNOFF 3.730 C 1.7277) 13541.61 8.739
POTENTIAL EVAPOTRANSPIRATION 50.506 ( 0.9138) 183335.89
ACTUAL EVAPOTRANSPIRATION 28.888 ( 3.1727) 104864 .87 67.671
LATERAL DRAINAGE COLLECTED 10.07277 ( 3.63240) 36564.148 23.59531
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.00733 ( 0.01028) 26.610 0.01717
LAYER 4
AVERAGE HEAD ON TOP 0.129 ( 0.277)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 0.00733 ( 0.01028) 26.603 0.01717
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charah colon final cover top deck-rev7

FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000)
LAYER 7

AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 7

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000)
LAYER 9

AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 9

CHANGE IN WATER STORAGE -0.009 ( 1.6409)

0.007 0.00000
0.007 0.00000
-33.62 -0.022

AE A A AA A A AA A A A A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA AL AKX X

R o e R R AR R e R R R AR R R R R R R R SRR R R R AR R AR AR R R R R AR (R AR AR R R R R AR R AR R R AR R R R R AR R R R e S e
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charah colon final cover-side slope rev7

R R R R R R R R R AR AR R R R R AR R R AR R R AR R SRR R SR R R R R S S e R e S R R R AR R R S R e R R R R e R R AR

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AL AAK

*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

*x

*x HELP Version 3.95 D (10 August 2012)

*x developed at

*x Institute of Soil Science, University of Hamburg, Germany

*x based on

*x US HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)

*x DEVELOPED BY ENVIRONMENTAL LABORATORY

*x USAE WATERWAYS EXPERIMENT STATION

*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**

*x
AEEAIAAXAAAAAXAAXAAAAAXAAAAXAAXAXAAAAXAXAXAXAAAXAXAAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAAXAXAAAXAXAAXAXAAA XX AXAAi*k
AEAEAIAIAIAAXAAXAAXAAAAAXAAXAAAAAAAAAXAAXAAXAAAXAAAIAAAXAAXAAAIAAAkAAkAAAAhkkhkhAkhkhAkhkhAkhkhAhkkhkhkkhkhAhkAhkAhkhAhihixi
TIME: 14.11 DATE: 16.10.2014

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA F. 1:
SOIL AND DESIGN DATA FILE 1:
cover-side slope rev7.d10
OUTPUT DATA FILE:
cover-side slope rev7.out

O 00000

:\HDR_Projects\Sanford\HELP\Charah Sanford.d4
:\HDR_Projects\Sanford\HELP\Charah Sanford.d7
:\HDR_Projects\Sanford\HELP\Charah Sanford.d13
:\HDR_Projects\Sanford\HELP\Charah Sanford.dll
:\HDR_Projects\Sanford\HELP\charah colon final

:\HDR_Projects\Sanford\HELP\charah colon final

AE A A AAAAAAAAA A A AR A A A A A AR A A AA A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA A LXK

TITLE: Final Cover Side Slope- Top Soil and Subsoil Option

AEEAAA A A AA A AR A A AR A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AAAAAK

WEATHER DATA SOURCES

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.55 3.43 3.69 2.91 3.67 3.66
4.38 4._44 3.29 2.73 2.87 3.14

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

Page 1



charah colon final cover-side slope rev7

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.60 41.60 49.30 59.50 67.20 73.90
77.70 77.00 71.00 59.70 50.00 42.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CAROLINA
AND STATION LATITUDE = 35.87 DEGREES

R e o o e R e R R A o o R e R o o R R LR R o o o o S e R R AR O R R e R R R AR R R R R R R R R S e S e

LAYER DATA 1

VALID FOR 100 YEARS

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9
= 6.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT 0.2868 VOL/VOL

EFFECTIVE SAT. HYD. CONDUCT. 0.1900E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

42.00 INCHES
0.4710 VOL/VOL
0.3420 VOL/VOL
0.2100 VOL/VOL
0.3923 VOL/VOL
0.4000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0
THICKNESS = 0.21 INCHES
POROSITY = 0.8500 VOL/VOL
Page 2



charah colon final cover-side slope rev7
FIELD CAPACITY 0.0100 VOL/VOL
WILTING POINT 0.0050 VvOL/VOL
INITIAL SOIL WATER CONTENT 0.0345 VvVOL/VOL
EFFECTIVE SAT. HYD. CONDUCT. 2.760 CM/SEC
SLOPE 25.00 PERCENT
DRAINAGE LENGTH 140.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
= 0.04 INCHES
0.4000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 5

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0]

360.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1870 VOL/VOL
0.1600E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0]
= 0.26 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0100 VOL/VOL
9.700 CM/SEC
2.00 PERCENT
950.0 FEET

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
= 0.06 INCHES
0.2000E-12 CM/SEC
1.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GOOD

THICKNESS
EFFECTIVE SAT. HYD. CONDUCT.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY
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charah colon final cover-side slope rev7

LAYER 8

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 17

= 0.25 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7470 VOL/VOL
0.3000E-08 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

LAYER 9

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16

18.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL
0.1000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONDUCT.

AE A A AA A A AAAAA A A AR A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAAAAA LA AAAXK

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 1

VALID FOR 100 YEARS

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER 89.00
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
FIELD CAPACITY OF EVAPORATIVE ZONE
LOWER LIMIT OF EVAPORATIVE STORAGE
SOIL EVAPORATION ZONE DEPTH
INITIAL SNOW WATER

INITIAL INTERCEPTION WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

18.0 INCHES
6.074 INCHES
8.658 INCHES
5.808 INCHES
3.330 INCHES

18.000 INCHES
0.000 INCHES
0.000 INCHES

93.398 INCHES

93.398 INCHES
0.00 INCHES/YEAR

R R o R e R e R R AR AR AR R R R R AR R R R R R R R R R R AR R R R R R R S R R R R R AR R R R AR AR R R R R AR AR R R

EVAPOTRANSPIRATION DATA 1

VALID FOR 100 YEARS
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charah colon final cover-side slope rev7

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RALEIGH NORTH CAROLINA

STATION LATITUDE 35.87 DEGREES

MAXIMUM LEAF AREA INDEX = 4.50

START OF GROWING SEASON (JULIAN DATE) = 86

END OF GROWING SEASON (JULIAN DATE) = 310
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.70 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.0 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.0 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.0 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.0 %

R R S R e R e R R R R AR R R R R R R R SRR R SR R R R S S R R AR R R R R R SRR Rk R R R R R R e R SRk

AE A A AA A A AAAAA A A AA A A A A A AR A A AA A AR A A AA A AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA A AAAAXK

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOL)

1 © 1.6985 0.2831

2 15.8912 0.3784

3 0.0045 0.0215

4 0.0000 0.0000

5 67.3200 0.1870

6 0.0026 0.0100

7 0.0000 0.0000

8 0.1867 0.7470

9 7.6860 0.4270
TOTAL WATER IN LAYERS 92.790
SNOW WATER 0.000
INTERCEPTION WATER 0.000
TOTAL FINAL WATER 92.790

FTEAEIIAITEAEAITEAEAITEAAXAXAAXAEAAXAAXAXAAXXAAXTXAAXTXAAXAXAIAXAXAXAXAAXIAXAITXxIAITdxIrITdhirdrhirdrhirdrhdrdxihdrhihihiihiiiiix

AE A A AA A A AA A AA A A AR A A A A A AR A A A A A AR A AAA A AAAAAALAAAAAAAAAAXAAAAAAAAAAAAAAAA AR A AL LXK

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100



charah colon final cover-side slope rev7

(INCHES) (CU. FT.)

PRECIPITATION 522 18948.600
RUNOFF 3.211 11655 .5000
DRAINAGE COLLECTED FROM LAYER 3 0.74226 269439526
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000012 0.04331
AVERAGE HEAD ON TOP OF LAYER 4 0.028
MAXIMUM HEAD ON TOP OF LAYER 4 0.077
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED FROM LAYER 6 0.00001 0.03708
PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 7 0.000
MAXIMUM HEAD ON TOP OF LAYER 7 0.039
LOCATION OF MAXIMUM HEAD IN LAYER 6

(DISTANCE FROM DRAIN) 0.0 FEET
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 9 0.000
SNOW WATER 3.56 12918.0498
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4338
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1850

***  Maximum heads are computed using McEnroe®s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp- 262-270.

AE A A AA A A AA A AR A A AA A A A A A AR A A A A A AR A AAA LA AAAAAALAAAAAAAAAAAAAAAAAXAAAAAAAAAAAA LA A LXK

R o e R R AR R e R R AR R R R R R S SRR R R R T SR R R AR AR R AR AR R AR AR AR R R R R R SRR R R SRk R R R R S e R R R

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

TOTALS 3.66 3.21 3.90 3.07 3.53 3.90



charah colon final cover-side slope rev7

STD. DEVIATIONS 1.92 1.63 1.42 1.34 1.84 2.01
1.90 2.75 2.13 1.73 1.84 1.56
RUNOFF
TOTALS 0.428 0.332 0.302 0.135 0.226 0.261
0.309 0.606 0.401 0.283 0.333 0.281
STD. DEVIATIONS 0.520 0.474 0.314 0.189 0.376 0.367
0.419 0.806 0.558 0.395 0.441 0.341
POTENTIAL EVAPOTRANSPIRATION
TOTALS 1.867 2.198 3.605 4.849 6.329 7.019
6.807 6.063 4.589 3.407 2.162 1.609
STD. DEVIATIONS 0.176 0.222 0.268 0.325 0.284 0.302
0.314 0.271 0.277 0.205 0.168 0.131
ACTUAL EVAPOTRANSPIRATION
TOTALS 1.126 1.432 2.314 3.413 4._.090 3.579
3.866 3.734 2.580 1.135 0.887 0.841
STD. DEVIATIONS 0.223 0.258 0.348 0.588 1.287 1.451
1.395 1.310 1.047 0.314 0.221 0.212
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 1.9347 1.7383 1.6107 1.0547 0.5151 0.1299
0.0548 0.0987 0.1975 0.2796 0.7483 1.4381
STD. DEVIATIONS 1.0786 1.2296 0.9777 0.6318 0.3415 0.2339
0.1718 0.3064 0.5136 0.5977 0.9110 1.1331
PERCOLATION/LEAKAGE THROUGH LAYER 4
TOTALS 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LATERAL DRAINAGE COLLECTED FROM LAYER 6
TOTALS 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 7
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 9
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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charah colon final cover-side slope rev7

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.0024 0.0023 0.0020 0.0013 0.0006 0.0002
0.0001 0.0001 0.0003 0.0003 0.0009 0.0018
STD. DEVIATIONS 0.0013 0.0016 0.0012 0.0008 0.0004 0.0003
0.0002 0.0004 0.0007 0.0007 0.0012 0.0014

DAILY AVERAGE HEAD ON TOP OF LAYER 7
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

DAILY AVERAGE HEAD ON TOP OF LAYER 9
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AE A A AA A A A A A A A A A A A A A A A A A A A A A A A AR A AAA A AAAAAALAAAAAAALAAAXAAAAAAAAAAAAAAAAAAA AL AKX

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAALAAAAAAALAAAXAAAAAAAAAAAAAAAAAAAAAA A AKX

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT
PRECIPITATION 42 .69 ( 6.985) 154963.6 100.00
RUNOFF 3.899 ( 1.8278) 14152 .28 9.133
POTENTIAL EVAPOTRANSPIRATION 50.506 ( 0.9138) 183335.89
ACTUAL EVAPOTRANSPIRATION 28.996 ( 3.2020) 105256.68 67.923
LATERAL DRAINAGE COLLECTED 9.80048 ( 3.58097) 35575.734 22.95748
FROM LAYER 3
PERCOLAT ION/LEAKAGE THROUGH 0.00028 ( 0.00009) 1.019 0.00066
LAYER 4
AVERAGE HEAD ON TOP 0.001 ( 0.000)
OF LAYER 4
LATERAL DRAINAGE COLLECTED 0.00028 ( 0.00009) 1.014 0.00065
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FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.005 0.00000
LAYER 7

AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 7

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.005 0.00000
LAYER 9

AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 9

CHANGE IN WATER STORAGE -0.006 ( 1.3059) -22.09 -0.014

AE A A A A A A A A A A A A A A A A A A A A AR A A A A A AR A AAA A AR A AAALAAAAAAALAAAAAAAAAAAAAAAAAAAAAA AR A AAAX
AEEAIAAEAAAAAXAAXAAAAAXAAEAAXAAAXAAAAXAXAXAXAAAXAAXAXAXAAXAXAAAXAXAAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAA XA XAAXAXAAAXX
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Job No |No

HDR Engineering, Inc. I_D"

IProjecl Sanford Mine Final Cover Compuied K. Perera 10/16/2014
Irask Hvdraulic Conductivity and Drainage Layer Capacity te
Problem

Determine the hydraulic conductivity and drainage capacity of the geocomposite drainage layer in the final cover top deck

Transmissivity Calculations

Final cover liner from bottom to

top 40-mil LLPE - Double-sided Geocomposite - 5.5 Ft low permeability soil- 6-

inch top soil

Determine 100-hour transmissivity (© 100)

Use GSE 250-mil GSE FabriNet HF or equivalent (see attached cut sheet with product
specifications).

e 100

Q) =
allow
CR cC BC

O tow = ®req ES, where,
Qaiow = minimum allowable transmissivity of geocomposite (cmzls)
® — kb ©rq = required transmissivity for site (cm?/s)
FSp = overall factor of safety for drainage
O100 = transmissivity after 100 hrs. under expected load (cmzls)
RFcr = reduction factor for creep deformation
RFece = reduction factor for chemical clogging
RFec = reduction factor for biological clogging
k = saturated hydraulic conductivity (cm/s)
b = thickness of geonet (cm)

Information based on product data for GSE FabriNet HF 250mil. Site specific testing is recommended before selecting the material for installation to
confirm minimum transmissivity.

Geocomposite (250-mil)

Parameters @ 1,000 psf (1,
Slope 0.25
FSp®? 2.0
RFcr® 1.02
RFcc @ 1.1
RFge @ 1.4
100 (M?/s) 0.00095
Oatow (CM7/s) 605
Oreq (cM?/s) 3.02
Manufactured Thickness (mils) 250
Manufactured Thickness (cm) 0.64
Design Hydraulic Conductivity (cm/s) 4.76
Retained Final Thickness (mils) 213.8

Notes:
1. psf = pounds per square foot
2. Reduction factors based on HDR experience and information provided by GSE
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HDR Engineering, Inc.

|Projecl Sanford Mine Final Cover
|Task Hydraulic Conductivity and Drainage Layer Capacity

Drainage Capacity Calculations:

Selected Geocomposite:

i=sin (tan™ (=X=))
100

=sin g
L 1520 m
B=1.1
hcs (Depth of Cover 1829 mm
h 4 (Depth of Drainage 54
kcs 4.0E-05
kq 4.76E+00
P, Rainfall Intensity  208.03 mm/hr

RC, Runoff Coefficient = ¢ 1

hcs

ha
i=0.0200
L{cosB)= 15197
hes = 18290
hy = 00054

hesthy = 18344

kcs = 4 0E-07
kq= 4 8E-02

i, Percolation through cover soil = 1 44

(q; =kcs X 60 s/min x 60 min/hr x 10 mm/cm)

Actual runoff = 206 59

FLUXaclual =% L(COSB) =0219
FLUX ajow = Kgx hg x sinB = 0 019

Drainage Layer Capacity (FLUX ayow / FLUX aotyay = 0.0850

Conclusions:

- The saturated hydraulic conductivity of the geocomposite is calculated to be 4.76 cm/s.

IJob No No

R

Compuled K Perera Dale 10/16/2014

Checked ite

or Similar

kcs.
=7
vg

m Where:

L = Max drainage length of slope measured along

geomembrane (calculated from drawings)
m
m B = Side Slope angle (maximum value)
m k = Hydraulic Conductivity

P = Rainfall Intensity (From FDOT Drainage Manual)
m/s RC = Runoff Coefficient (conservative assumption)
m/s
mm/hr [ Keover. if P(1-RC) 2 K cover

9=\ B(1-RC). if P(1-RC) < K over

mm/hr (Rainfall Intensity - Percolation through cover)
m?/hr

m2inr

- The drainage layer capacity is sufficient for the geocomposite in the final cover for 25-year storm event.
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Job No No

HDR Engineering, Inc. I_D'{

[roiect  Sanford Mine Final Cover [computed K. Perera Date 10/14/2014
[rask  Hvdraulic Conductivity and Drainage Capacity |checked T Date (¢
Problem

Determine the hydraulic conductivity and drainage capacity of the geocomposite drainage layer in the final cover side slope

Transmissivity Calculations

Final cover liner from bottom to

top 40-mil LLPE - Double-sided Geocomposite - 3.5-ft low permeability soil- 6-

inch top soil

Determine 100-hour transmissivity (© 10,)

Use GSE 250-mil GSE Fabrinet HF or equivalent (see attached cut sheet with product
specifications).

®

® =
allow
CR cC BC

®allow = ®req : FSD
where,
©aiow = minimum allowable transmissivity of geocomposite (cmzls)
® I k- b Oreq = required transmissivity for site (cmzls)
FSp = overall factor of safety for drainage
©100 = transmissivity after 100 hrs. under expected load (cm2/s)
RFcr = reduction factor for creep deformation
RFce = reduction factor for chemical clogging
RFsc = reduction factor for biological clogging
k = saturated hydraulic conductivity (cm/s)
b = thickness of geonet (cm)

Information based on product data for GSE FabriNet HF 250 mil. Site specific testing is recommended before selecting the material for installation to
confirm minimum transmissivity.

Geocomposite (250-mil)

Parameters @ 1,000 psf

Slope 0.25

FSp® 20

RFcr® 1.02

RFcc @ 1.1

RFge @ 1.4

©100 (M%) 0 00055

Oaiow (CM7/s) 3.50

Oreq (CM?5) 1.75

Manufactured Thickness (mils) 250
Manufactured Thickness (cm) 0.64
Design Hydraulic Conductivity (cm/s) 276
Retained Final Thickness (mils) 213.8

Notes:
1. psf = pounds per square foot
2. Reduction factors based on HDR experience and information provided by GSE.
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HDR Engineering, Inc.

[proiect  Sanford Mine Final Cover

[ ask Hvdraulic Conductivity and Drainage Layer Capacity

Drainage Capacity Calculations:

Selected Geocomposite:

X
100
i= sin (tan™ (=X=))
100
= S
L 426 m
B 14.0

h¢s (Depth of Cover Soil)= 1219 mm
h4 (Depth of Drainage Layer)= 5.4 mm
kcs (Specification)= 4 0E-05 cm/s
k4= 2.76E+00 cm/s
P, Rainfall intensity = 208 03 mm/hr

RC, Runoff Coefficient = 0.1

q;, Percolation through cover soil =

|Job No

|Computed

IChecked

|No

R
K Perera 10/14/2014
7V oy

250-mil double-sided GSE FabriNet HF or Similar

hcs

i = 02425
L(cosB)= 4129

hcAs_ = 12192
ha = 00054
hesthy = 12246

kcs = 4 0E-07
kq= 2 8E-02
144

(q; =kcs x 60 s/min x 60 min/hr x 10 mm/cm)

Actual runoff = 206 59

FLUXacIuaI =% L(COSB) = 0059
FLUX apow = kgxhgxsinB= 0130

Drainage Layer Capacity (FLUX so / FLUX gopuay= 2.1857

Conclusions:

3

m/s

m/s

P

kc.s.

ka

mm/hr

Where:
L = Max drainage length of slope measured along
geomembrane (calculated from drawings)

B = Side Slope angle (maximum value)

k = Hydraulic Conductivity

P = Rainfall Intensity (From FDOT Drainage Manual)
RC = Runoff Coefficient (conservative assumption)

mm/hr (Rainfall Intensity - Percolation through cover)
2
m*/hr

m?/hr

- The saturated hydraulic conductivity of the geocomposite is calculated to be 2.76 cm/s.

- The drainage layer capacity is sufficient for the geocomposite in the final cover for 25-year storm event
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The GSE Drainage Design Manual, Second Edition Appendix A

250 mil Double-sided Composite with 6 or 8 oz. Geotextile
Boundary Conditions = Geomembrane/Geocomposite/Geomembrane

1.0E-03
Test Time = 100 hours
\

~~

3 \ \
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& \

g/ 1,000 psf
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Figure A-5. Performance Transmissivity of a 250 mil GSE HyperNet HF geonet between Plates

250 mil Double-sided Composite with 6 or 8 oz. Geotextile
Boundary Conditions = Soil/Geocomposite/Geomembrane

1.0E-02
Test Time = 100 hours
~
Q
5
“ \
1,000 psf
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—
o 10,000 psf
15,000 psf
1.0E-05
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Gradient
Figure A-6. Performance Transmissivity of a 250 mil GSE FabriNet HF geocomposite under

Sand.
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The GSE Drainage Design Manual, Second Edition Appendix B
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Figure B-3. Creep Curves for a 300 mil GSE HyperNet UF geonet.

Table B-3. Creep Reduction Factors for a 300 mil GSE HyperNet UF geonet from 100 hours to

50 Years use .02
Stress (psf) Creep Redyction Eacfor
1,000 (1.00° 7Y
5,000 T~
15,000 1.19



Design of Lateral Drainage Systems for Landfills

The long term performance of a lateral drain requires a larger initial transmissivity, 6,75, than that obtained
from the design equations, 6, This process was initially quantified by Koerner (1998) as follows:

Fs=Jums Eq. 3.2

ereq'd

e — emeasured
Y " RF,-RF, -RF, -RF, Eg. 3.3

where FS is the overall safety factor for drainage, ;7 is the long-term-in-soil hydraulic transmissivity of the
drainage geocomposite, B, is the required transmissivity (e.g., for MTG= 3*10"° m%sec-m), O easureqis the
transmissivity measured in accordance with ASTM D4716, and RF are service reduction factors described as
follows:

RF}; = reduction factor for elastic deformation, or intrusion of the adjacent geotextiles into the
drainage channel.

RF. = reduction factor for creep deformation of the drainage core and/or adjacent geotextile into the
drainage channel.

RF,. = reduction factor for chemical clogging and/or precipitation of chemicals in the drainage core
space.
RFy. = reduction factor for biological clogging in the drainage core space.

Suggested empirical default values of the reduction factors are listed in Table 3.1 (Koerner, 1998). Currently,
laboratory testing can be performed to evaluate RF;, and RF,on a site and drainage composite specific basis.
Such testing is discussed in this chapter.

Table 3.1 Recommended preliminary reduction factor values for determining allowable flow
rate or transmissivity of geonets (Koerner, 1998)

Application area RF, RF,. RF, RF,.
Surface water drains for covers

1.3-15 1.1-14 1.0-1.2 1.2-15
Leachate Collection and
Removal Systems (LCRS) 1.5-2.0 14-20 1.5-2.0 1.5-2.0
Leachate Detection Systems
(LDS) 1.5-2.0 14-20 1.5-20 1.5-2.0

While the above total safety factors may appear to be very conservative there may be long-term service
reduction factors not accounted for. For instance, Figure 3.1 shows extensive root penetration into a geonet
that was recovered from a failed landfill cover. The root penetration was so dense that the transmissivity of the
geonet drainage core was essentially reduced to zero. The authors feel that root penetration in cover lateral
drains can be minimized only by using high capacity drainage composites that quickly remove water from the
drain so that roots are not attracted within the core.

;:‘e‘:‘,w(;m q.’U. 5 @Y\Wp{ 3'" ,0 23 a.\y, 2hap A\ Cz_aaas
i ‘”j%rb\'(‘cm,& ?(Oavﬂ}/( ;L.,# Systems Por L,;,...,(A';(g‘



Equation 2.2 Composite C

223 Rainfall Intensity

Intensity used when

It is often desirable to develop a composite runoff coefficient based on
the percentage of different types of surfaces in the drainage areas.
Composites can be made with the values from Table 2.2 by using
percentages of different land uses, as illustrated in Equation 2.2. In
addition, more detailed composites can be made with coefficients for
different surface types such as roofs, asphalt, and concrete streets,
drives and walks. The composite procedure can be applied to an entire
drainage area or to typical "sample" blocks as a guide to the selection
of reasonable values of the coefficient for an entire area.

Composite C = C1*Al1 + C2*A2 + ... Cx*AX
Al + A2 + ... Ax

The rainfall intensity (I) is the average rainfall rate in in./hr for a duration
equal to the time of concentration for a selected return period. Once a
particular return period has been selected for design and a time of
concentration calculated for the drainage area, the rainfall intensity can
be determined from the intensity-duration-frequency (IDF) data for the
City of Raleigh given in Table 2.3.

Table 2.3 Intensity — Duration - Frequency Table

City of Raleigh, NC

(Developed by Dr. H.R. Malcom, North Carolina State University, Dept. of
Civil Engineering, and the authors based on NOAA HYDRO-35 and USWB
TP-40)

determining drainage ———_|
layer capacity Frequency (Yrs)
Duratio 5 10 25 50 100
n —

5 mins 5.76 6.58 7223 ( 819D 896 9.72

10 4.76 5.54 6.13 7.01 7.71 8.40

15 4.04 4.74 5.25 6.03 6.64 7.24

20 3.47 412 4.64 5.42 5.93 6.47

30 2.70 3.28 3.71 4.32 4.80 5.28

40 2.28 2.77 3.15 3.70 4.08 4.48

50 1.94 2.38 2.71 3.19 3.53 3.88

60 1.70 2.12 241 2.84 3.17 3.50

90 1.22 1.52 1.74 2.06 2.29 2.53

2 hr 0.95 1.20 1.37 1.62 1.81 2.00

3 0.71 0.89 1.02 1.21 1.35 1.50

6 0.44 0.56 0.65 0.77 0.86 0.96

12 0.26 0.33 0.39 0.46 0.52 0.57

24 0.15 0.19 0.22 0.27 0.30 0.33

City of Raleigh January 2002
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HDR Computation Job Number  453925-235691-018 No.
Project Charah Colon Mine Site Computed MDP Date 10/4/2014
|Subject Permit Application Checked KP Date 11/6/2014
Task Leachate Pipe Sizing Sheet 1 of 2

Objective:

Determine the required leachate collection pipe sizing.

References:

1. "Waste Containment Systems, Waste Stabilization, and Landfills; Design and Evaluation"; Hari Sharma and Sangeeta Lewis; p.
466.

2. "Elements of Urban Stormwater Design"; H. Rooney Malcom; p. I-10

Calculations:

3
Dreo = 16[32}8 (Ref. 2) Where:
Dreap = theoretical pipe diamter (in.) for just-full flow
Volume (ft3) = Peak Daily Volume (ft3/acre) x Area (acre) n = Manning roughness coefficient (dimensionless
Peak Daily Volume is from the HELP Model runs s = longitudinal slope (ft/ft)

Q = Required flow volume to drain in 24 hrs. (cfs)
Q = Volume/time (convert to ft*/sec)

Inputs:
Peak Daily
Volume* = >39 ft* leachate collected over 1 acre in 24 hours 12 in/foot
n= 0.009 Ref. 1, Table 9.3, p. 472 (HDPE) 43,560 square feet/acre
* Peak Daily Volume from HELP model run for 20' ash with 24 hours/day
geocomposite as lateral drainage feature. 60 min/hour
60 sec/min

11/19/2014 HDR Engineering, Inc. of the Carolinas Leachate Pipe Sizing.xIsx



HDR Computation Job Number ~ 453925-235691-018 No.
Project Charah Colon Mine Site Computed MDP Date 10/4/2014
|Subject Permit Application Checked KP Date 11/6/2014
Task Leachate Pipe Sizing Sheet 2 of 2
Outputs:
Area | Volume Q Minimum
Pipe Use D (in)| Dpcr(in) | Check
p (AC)** (ft3) (fta/sec)*** Slope REQD ACT
Cell 1 Header 28.9 15,577 0.180 0.50% 3.9 8 ok

Subcell 1A Header 8.0 4,312 0.050 0.50% 2.4 8 ok

Subcell 3A Header 8.0 4,312 0.050 1.50% 2.0 8 ok

Subcell 3B Header 21.6 11,642 0.135 2.00% 2.7 8 ok

Subcell 4C Header 5.1 2,749 0.032 0.80% 1.9 8 ok

Subcell 4D Header 13.7 7,384 0.085 3.30% 2.1 8 ok

Subcell 4A Header 10.5 5,660 0.066 1.60% 2.1 8 ok

Subcell 4B Header 18.8 10,133 0.117 2.00% 2.5 8 ok

Subcell 5A Header 8.6 4,635 0.054 0.50% 2.5 8 ok

Subcell 5B Header 18.8 10,133 0.117 0.50% 33 8 ok

Subcell 5C Header 29.5 15,901 0.184 1.00% 3.4 8 ok

** Denotes maximum drainage area for all laterals.

*** Assumes the entire area will be drained in a 24 hour period

Conclusion:
An 8-inch pipe is adequate for the expected pipe slopes.

11/19/2014 HDR Engineering, Inc. of the Carolinas

Leachate Pipe Sizing.xIsx



HDR Computation Number No

Charah Colon Mine Site Computed #7AC Date ¢/
Calculations Checked iz P Date /1 /
sk Leachate Stresses Sheet 1 of 1

Obijective:  Determine the leachate collection pipe stresses due to static (overburden) and dynamic (equipmeni

References: 1. "Polyethylene Piping Systems Manual” by Driscopipe
2. "Waste Containment Systems, Waste Stabilization, and Landfills: Design and
Evaluation" by Hari D. Sharma and Sangeeta P. Lewis, 1994
3. "An Introduction to Geotechnical Engineering" by Holtz & Kovacs
Calculations:

STATIC LOADS
Where:
Wail Crushing Sa = Actual compressive stress (psi)
Sa= P (SDR-1) Ref. 1 SDR = Standard Dimension Ratio
2 Pr = Total external pressure on the top of the pipe (psi

1,500 psi = Compressive yield strength of HDPE pipe
FS= 1 psi Ref. 1

Sa
Goal FS>1.8
Thickness Unit Weight
Overburden: (ft) (Ib/it®)
CCR 90 75 Riverbend (56.6 pcf)
Vegetative Cover Layer 120
Maximum Vertical Stress, Py = 52 psi
SDR Sa (psi) FS Comment
26.0 648.4 2.31 Okay
21.0 518.8 2.89 Okay
17.0 415.0 3.61 Okay
11.0 259.4 5.78 Okay
Wall Buckling
2 1E Where:
P, :W Ref. 1 P¢ = Hydrostatic, critical-collapse differential pressure (psi)
E = Stress and time dependent tensile modulus of elasticity (psi
(approximately 35,000 psi)
Fop =08/ E™F, Ref. 1 Pcs = Critical buckling soil pressure at the top of the pipe (psi)
E' = Soil Modulus (psi)
Fs= "o Ref. 1
P ’
Goal FS=>2.0 Ref. 2
SDR E (psi) Pc (psi) E' Pcr (psi) FS Comment
260 35,000 4.62 1,500 66.60 1.28  Below criteria
21.0 35,000 8.77 1,500 91.75 1.77 criteria
17.0 35,000 16.53 1,500  125.96 2.43  Okay
11.0 35,000 61.01 1,500  242.01 4.67  Okay
SDR 17 meets the minimum static load criteria
Charah CM Site Leachate calcs.xlsx HDR Engineering, Inc. of the Carolinas

Static Pipe Loads



HDR Computation Job Number No.
P Charah Colon Mine Site Com uted Date s ¥
Subject Drainage Calculations Checked /7 Date
Task Leachate Pipe Stresses Sheet 1 Of 1
Calculations:
Use SDR 11 from crushing and buckling analysis
DYNAMIC LOADS (Minimum Factor of Safety = 1.4)
Point Loads
swz?® Ref.1 Where:
P omz® Pp = Point Load (psi)
W = 1.5 x Superimposed surface load (Ib)
Minimum Cover Soil = 8 ft Z = |oad to top of pipe (ft)
Weight Numberof  Pp Sa
ment Ibs Tires FS Comment
950 Wheel Loader 48,628 4 136.0 680.2 2.21  Okay
627F Scraper 128,550 4 359.6 1798.2 0.83 No Good
621 Scraper 118,700 4 332.1 1660.4 0.90 No Good
815B Compactor 44,175 4 123.6 617.9 243 Okay
825C Compactor 71,429 4 199.8 999.2 1.50 Okay
Line Loads:
oWZ? Ref. 3 Where:
P, 7" PL = Line Load (psi)
W = 1.5 x Superimposed surface load (Ib)
Minimum Cover Soil = 1.75 ft Z = |oad to top of pipe (ft)
Weight rack PL Sa
u ment FS Comment
D4H LGP (lll) Bulldozer 27,500 8.58 72.9 364.4 4.12 Okay
D6H LGP (ll) Bulldozer 45,400 10.67 96.7 483.7 3.10 Okay
D9R Bulldozer 106,538 11.50 210.6 1053.2 1.42  Okay
953 Track Loader 37,560 7.50 113.9 569.3 2.63 Okay
963 Track Loader 48,914 8.08 137.6 688.2 2.18  Okay
Charah CM Site Leachate calcs.xlsx HDR Engineering, Inc. of the Carolinas Dynamic Pipe Loads
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run consisting of 20 ft coal combustion product (CCP). The following parameters
were also entered into the HELP model:
e No recirculation;
e Open cell conditions;
e The initial moisture content at 31%. ;
e The drainage length entered into the model was 950 feet with an average
slope of 2%. The leachate collection system has been designed to meet
this requirement;

The results of the HELP run predict that the peak daily drainage discharging from
CCP is 539 cf/acre (2.80 gpm per acre). The largest area draining to a leachate
collection pipe consist combined Cells 1 & 2 with 36.9 acres. Using a maximum
generation rate of 2.80 gpm per acre and an area of 36.9 acres, the total flow rate
to a collection pipe is 103.32 gpm.

Qpeak day avg = 103.32gpm

The following analysis illustrates the capacity of both the 6-inch and 8-inch
leachate collection lines.

Manning’s coefficient for HDPE pipe (n) is 0.009

The spreadsheet below calculates flow capacity in gpm based on Manning’s
Equation for HDPE pipes:

Qp = (1.49/n) A(RH")S*®

where:

Qp = pipe capacity (gpm)

n = Manning’s roughness coefficient
R = hydraulic radius

A = pipe cross-sectional area

S =slope of the pipe



All pipe segments within the fill area will maintain a minimum 0.5% slope. As shown in
the above table, an HDPE SDR-11, 6-inch pipe with an average inner diameter equal to
5.349-inch at a minimum slope of 0.5% has a capacity of 190 gpm. Therefore, a 6-inch
pipe can accommodate the maximum leachate generation rate from a maximum drainage
area of 36.9 acres.

Analysis based on Leachate/Stormwater Collection:

For initial stormwater/leachate drainage, assuming 5.28 inch depth in 24 hr 10 year storm
event for Raleigh, NC, approximately 19,166 cf/ac/day of stormwater is collected. Total
volume of stormwater/leachate collected within a 14.8 acre subcell is 283,662 cf. The
subcell has a storage capacity of 590,000 cf.

An 8-inch diameter pipe with 0.5% slope can convey 383 gpm. Considering a FS of 2,
the pipe capacity is 191.5 gpm. Accordingly, a 283,662 cf of storage volume will be
emptied in approximately 7.7 days assuming no other rain events during that period.

Accordingly 8-inch leachate collection pipe is required to accommodate
leachate/stormwater based on a 14.8 acre open cell considering 7.7 day storage period.

Analysis for solid wall leachate conveyance pipe:

The header is designed based on the leachate generated from largest cell, Cell 5. The
Area of Cell 5 is approximately 30 acres. At 539 cf/day generation rate, the header should
be designed based on 16,170 cf/day (84 gal/min). Considering a FS of 2, would yield a
design flow rate 168 gpm. This is less than storm drainage collected in an active cell and
the dimensions of the conveyance pipe is governed by initial stormwater/leachate
collection.



For the Raleigh area the design rainfall depths and runoff depths for the

24 hour design storm are as follows:

Table 2-5 Runoff Depth for Raleigh (in)

24 hours storm with la = 0.2*S

Frequency,yr | 2 5 10 25 50 100
Rainfall, in 3.60 4,56 5.28 6.48 7.2 8.0
CN 60 0.58 1.05 1.47 2.24 2.75 3.33
65 0.81 1.37 1.84 2.71 3.26 3.89
70 1.07 1.72 2.25 3.19 3.79 4.46
75 1.37 2.10 2.68 3.69 4.33 5.04
80 1.72 2.51 3.14 4.22 4.88 5.63
85 2.10 2.96 3.63 476 5.44 6.21
90 2.54 3.45 4.15 5.31 6.02 6.81
95 3.04 3.98 4.70 5.89 6.60 7.40
98 3.37 4.32 5.04 6.24 6.96 7.76
The CN is used to determine the initial abstraction, la, in Table 2-6.
la/P is then computed using Figure 2.6.
City of Raleigh January 2002
Stormwater Design Manual Page 53




PERFORMANCE ADVANTAGES OF DRISCOPLEX® 4000/4100 PIPE

Stripes

Stripes allow easy field identification of pipe. DriscoPlex® 4000 (DIPS) pipe comes standard with three
pairs of blue stripe, but lavender, green, and no stripes is optional. The standard DriscoPlex® 4100
(IPS) is black, but blue, lavender and green striping is optional with 4 single stripes at 90 degrees apart.

Flow

DriscoPlex® 4000/4100 pipes are characterized as hydraulically
smooth and typically have an absolute surface roughness (g) of
0.000005 ft. The Hazen-Williams Friction Factor (C) equals 150 to
155 for polyethylene pipes. Even though the inside diameter of
polyethylene pipe may be smaller for the same nominal size as
metallic or concrete pipes, flow is often equal or greater through
polyethylene pipe. For example, an 8" DR17 DriscoPlex® 4000 pipe
has a lower pressure drop per given flow rate than an 8" CL350
concrete li i ; f ; -factor
i the Manning equation is typically taken as 0.009 for clear water
and 0.010 for sanitary sewer. For design information, see the
Han hylene Pipe, Chapter 6.

7

Surge Pressure

When it comes to surges, polyethylene has two advantages over
most piping materials. 1) As Table 3 shows, it has the capacity to
handle surge pressures significantly in excess of its pressure rating.
2) It also has the lowest surge pressure of all common water pipes.
For example, a 5 ft/sec velocity change in a DR17 Polyethylene
pipe will produce a 56 psi surge, in a DR18 PVC pipe the surge is
88 psi, and in a Class 50 DI pipe the surge is 268 psi. Thus, with polyethylene pipe there are lower
surge pressures and less wear and tear on valves, hydrants, and other system components and, when
surges occur, HDPE pipes may be quite capable of handling them with a lower Pressure Class (PC)
than required for other materials.

Fatigue

Repeated surges will cause fatigue stress in pipelines. This is particularly significant in certain
thermoplastic pipes, excluding polyethylene. Fortunately, polyethylene has an excellent resistance to
fatigue. The projected design life for DriscoPlex® 4000/4100 pipes exceeds 100 years for pipe
operating at a velocity of 4 fps with a surge frequency of 4 times per hour continuously. See Bulletin
PP-402, Working Pressure Rating and Fatigue Life.

Comparison with Other Piping Products

Polyethylene’s superior performance is due to its fused joint, toughness, and flexibility. Comparisons of
polyethylene to other piping materials based on PC alone can lead to costly over-designs, since the
definition of “Pressure Class” varies from material to material (see AWWA C906, C905, etc). When
correctly incorporating HDPE's lower surge magnitudes, higher surge allowances, and greater fatigue
strength into the design, the PC required for HDPE may be much lower than the PC required for other
pipe materials.

Bulletin PP 501 | July 2012 Page 8 of 18 ©2012 Chevron Phillips Chemical Company LP
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Determination of storage capacity based on 2-year, 24-hr rain event:

Depth of 2-year, 24-hr rain event = 3.6 inches
Based on 14.8 acre subcell, total leachate/stormwater collected = 193,406 cf
=1,446,677 gal

Since the leachate storage tank capacity is 100,000 gal, the storage provided may not be
sufficient to handle stormwater/leachate generated during the initial stages of filling of a
subcell.

Storage area within a subcell =590,000 cf
=4,413,200 gal

Since the subcell storage capacity is greater than leachate/stormwater collected, storage
capacity of the tanks is governed by average leachate generation rates based on HELP
model. It is recommended to begin ash fill within a subcell at the perforated leachate
collection pipe. This will slow down the process of collecting initial leachate/stormwater
at the sump area. The ash fill within a cell should be progressed to provided 100% runoff
away from the cell. Depending on the methods of filling, leachate pumping from a
subcell may be needed to empty the active cells to facilitate filling. A temporary rain
cover may be needed to avoid stormwater getting contact with ash.
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HDR Computation

Job Number 453925-235691-018 No.
|Project Charah Colon Mine Site |Computed MDP |Date 10/7/2014
|Subject Permit Application |Checked EAW |Date 11/6/2014
|Task Subcell Divider Berms |Sheet |Of

Objective: Determine Available Volume given subcell berm height
*Assumes a pyramid shape

Vv

= 1—hwl
3

Where:

Subcell 1A

base
top

Subcell 1B

base
top

Subcell 2

base
top

V = Volume of pyramid (ft®)
h = Height of the pyramid (ft)

wl = width times length to get the Area of the bottom of the pyramid (ftz)

Berm Height = 4 ft
Elevation Area Area Volume
(ft) (ac) (ft) (ft%)

0 0.0 0
4 2.19 95,360 127,146

Total Available Volume for 1A= 127,146

Berm Height = 3 ft
Elevation Area Area Volume
(ft) (ac) (ft) (ft%)

0 0.0 0
3 6.63 288,595 288,595

Total Available Volume for 1B= 288,595

Berm Height = 5 ft
Elevation Area Area Volume
(ft) (ac) (ft) (ft%)

0 0.0 0
5 6.41 279,164 465,273

Total Available Volume for 2= 465,273



HDR Computation Job Number ~453925-235691-018  |No.
|Project Charah Colon Mine Site |Computed MDP |Date 10/7/2014
|Subject Permit Application |Checked EAW |Date 11/6/2014
|Task Subcell Divider Berms |Sheet |Of

Subcell 3A Berm Height = 7.5 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 7.5 3.83 166,645 416,613
Total Available Volume for 3A= 416,613
Subcell 3B Berm Height = 6 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 6 0.87 37,946 75,891
Total Available Volume for 3B = 75,891
Subcell 4A Berm Height = 6 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 6 1.77 77,041 154,083
Total Available Volume for 4A = 154,083
Subcell 4B Berm Height = 6 ft
Elevation Area Area Volume
(ft) (ac) (ft?) (ft%)
base 0 0.0 0
top 6 2.04 88,871 177,742
Total Available Volume for4B= 177,742
Subcell 4C Berm Height = 4 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 4 3.89 169,256 225,675

Total Available Volume for 4C =

225,675



HDR Computation Job Number ~453925-235691-018  |No.
|Project Charah Colon Mine Site |Computed MDP |Date 10/7/2014
|Subject Permit Application |Checked EAW |Date 11/6/2014
|Task Subcell Divider Berms |Sheet |Of

Subcell 4D Berm Height = 6 ft
Elevation Area Area Volume
(ft) (ac) (ft?) (ft®)
base 0 0.0 0
top 6 1.49 64,806 129,611
Total Available Volume for4D = 129,611
Subcell 5A Berm Height = 6 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 6 2.14 93,244 186,488
Total Available Volume for 5A= 186,488
Subcell 5B Berm Height = 8 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft®)
base 0 0.0 0
top 8 3.43 149,544 398,783
Total Available Volume for 5B = 398,783
Subcell 5C Berm Height = 8 ft
Elevation Area Area Volume
(ft) (ac) (ft%) (ft%)
base 0 0.0 0
top 8 1.66 72,321 192,855

Total Available Volume for 5C =

192,855
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HDR Computation Job Number

453925-235691-018 No.

|Project Charah Colon Mine Site |computed  MDP  |pate  11/5/2014

|subject Permit Application |checked  EAW lpate  11/6/2014

|Task Stormwater Pipe Perforation & Size Calcs |Sheet

|of

Objective: Determine if the leachate pipes and perforations are large enough to handle the 10 year 24 hour storm event.

References:

1. Malcom, H. Rooney (1989). Elements of Urban Stormwater Design . Raleigh: NC State Univ.

2. Sharma, H. D., & Lewis, S. P. (1994). Waste Containment Systems, Waste Stabilization, and Landfills: Design and
Evaluation . New York: John Wiley & Sons, Inc.

Calculations:

Eq. 1 Q:CdA,lzgh Reference 1

Where: Q = Flow Rate (cfs)
C4 = Coefficient of Discharge (dimensionless)
A = Cross-sectional Area of Orifice
g = gravity (ft/s?)

h = head (ft)

7.48 gal/cf 12 in/ft
60 s/min 43,560 sf/acre
60 min/hr
24 hr/day

Determine the actual Flow Rate per Acre based on HELP model runs

Intensity 1oy 24, = 5.62 inches
Maximum Subcell Size = 14.8 acres
Storm Event Qg = 301,929 cf/acre/day
Qgpm = 1568.46 gal/acre/min
Maximum Drainage distance = 950 feet
Area of Drainage per foot of pipe = 950 sf
Area of Drainage per foot of pipe = 0.022 ac

Required Drainage per foot of pipe = 34.207 gpm (actual flow rate per acre for the drainage area of the pipe)

Stormwater Pipe Perforation Calc.xlsx



HDR Computation JobNumber  453925-235691-018  [No.
|Project Charah Colon Mine Site |computed  MDP  |pate  11/5/2014
|subject Permit Application |checked  EAW lpate  11/6/2014
|Task Stormwater Pipe Perforation & Size Calcs |Sheet |0f

Determine the maximum allowable flow in the pipe based on the perforations into the pipe and a maximum head

Diameter of perforation, dperoration =

d perforation —

2
d
A=1x —
Eq. 2 (2j

Aperforation =

0.375 in

0.03125 ft

0.00077 ft*

Using Equation 1, determine the flow in the pipe

Cd=

Aperforation
g =

>
"

Qper‘foration =

Qper‘foration =
Number of Perforations per foot of pipe =

Qper foot of pipe =

Required Flow Rate

gpm
34.207

0.6 typical default value (Ref. 1)

0.00077 ft*
32.2 ft/s’
8 in The pipe is 8 inches in diameter. The head was
assumed to be from the center of the pipe to
0.67 ft 12 inches above the liner.
0.003 cfs

1.35 gpm per perforation
30 perforations per foot of pipe
40.60 gpm

Allowable Flow Rate

gpm
40.60

Conclusion:

the orifices.

The allowable flow rate is greater than the required flow rate. Therefore the allowable flow rate based on pipe
perforations will be sufficient to meet the actual expected flow rate. Sufficient volume can get into the pipe through

Stormwater Pipe Perforation Calc.xlsx




HDR Computation JobNumber  453925-235691-018  [No.
|Project Charah Colon Mine Site |computed  MDP  |pate  11/5/2014
|subject Permit Application |checked  EAW lpate  11/6/2014
|Task Stormwater Pipe Perforation & Size Calcs |Sheet |0f

Determine the maximum allowable flow in the pipe based on the pipe size and flowing full

Eq.3 0 =

8
D \3 /s

Reference 1

16 n
Where: Q = Flow Rate (cfs)

D = Theoretical Pipe Diameter (in) for just-full flow

n = Manning roughness coefficient (dimensionless)

s = Longitudinal slope (ft/ft)

= 8 in
n= 0.009 Reference 2, page 472
Allowable Allowable
Slope Q (cfs) Q (gpm) Check
0.10% 0.55 248 Allowable Q is greater than Required Q
0.25% 0.87 393 Allowable Q is greater than Required Q
0.50% 1.24 555 Allowable Q is greater than Required Q
0.75% 1.52 680 Allowable Q is greater than Required Q
1.00% 1.75 785 Allowable Q is greater than Required Q
1.25% 1.96 878 Allowable Q is greater than Required Q
1.50% 2.14 962 Allowable Q is greater than Required Q
1.75% 2.31 1,039 Allowable Q is greater than Required Q
2.00% 2.47 1,111 Allowable Q is greater than Required Q
2.25% 2.62 1,178 Allowable Q is greater than Required Q
2.50% 2.77 1,242 Allowable Q is greater than Required Q
2.75% 2.90 1,302 Allowable Q is greater than Required Q
3.00% 3.03 1,360 Allowable Q is greater than Required Q
3.25% 3.15 1,416 Allowable Q is greater than Required Q
3.50% 3.27 1,469 Allowable Q is greater than Required Q
3.75% 3.39 1,521 Allowable Q is greater than Required Q
Conclusion:

The allowable flow rate is greater than the required flow rate for slopes 0.1% and above. Smaller pipe slopes were not
run, but it is assumed that the bottom slope will not be smaller than 2% accounting for settlement. Therefore the
allowable flow based on pipe size will be sufficient to meet the actual expected flow rate.

Stormwater Pipe Perforation Calc.xlsx
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HDR Computation

ect:
Subject:
Task:

Objective

References

Equations

I Job No. 453925-235691-018 |

Sanford Mine Computed  PAW 11/3/1
Permit Application Checked S
Drainage - Time of Concentration Sheet

Determine the Time of Concentration based on the proposed top of fill grades.

1. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E

Time of Concentration, (t.) is the longest time of flow from points on the watershed ridge to the
outlet of the watershed.

(= [LS/H]0.385

C

128
Time of Concentration, (min) = t,
Hydraulic length of watershed, (ft) = L
Elevation change along length, (ft) = H

Cells 2-5
Flow Path 1 Hydraulic length of watershed L (ft)= 1,371
Peak Elevation of watershed (ft) = 330
Low Elevation of watershed (ft) = 260
Elevation change along length H (ft) = 70
t, (min) = 6.4
Flow Path 2 Hydraulic length of watershed L (ft)= 3,449
Peak Elevation of watershed (ft) = 328
Low Elevation of watershed (ft) = 268
Elevation change along length H (ft) = 60
t,(min)=  19.7
Flow Path 3 Hydraulic length of watershed L (ft)= 2,657
Peak Elevation of watershed (ft) = 330
Low Elevation of watershed (ft) = 245
Elevation change along length H (ft) = 85
t,(min)= 12,7
Cell 1
Flow Path 1 Hydraulic length of watershed L (ft)= 1,660
Peak Elevation of watershed (ft) = 322
Low Elevation of watershed (ft) = 270
Elevation change along length H (ft) = 52
t, (min) = 8.9
CONCLUSION
Most of the drainage ara is within the Flow Path 1 and 3 areas
Use a Time of Concentration of 10-Minutes
Tc Drainage.xisx
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HDR Computation

Project:

Subject:
Task:

Objective Design the stormwater channels around the perimeter of the structural fill for the 25-yr storm.

References

Sanford Mine
Permit Application
Drainage - Perimeter Channels

| Job No. 453925-235691-018 |

Checked
Sheet

PAW
; lLler

11/03/74

|Date 1/ /
Ic

Assume sideslope swales and/or sloe drains are installed as fill progresses. This will minimize the drainage area.

. NC Erosion and Sediment Control Planning and Design Manual.

. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
. NCDOT Standard Specifications for Roads and Structures

. North American Green Product Brochure version 4.11

. Maccaferri
. Green Armor Systems

1
2
3
4
5. East Coast Erosion Blankets (ECS-1)
6
7
8

. NOAA Atlas 14, Volume 2, Version 3 (Sanford, NC)

Equations
Normal Depth Procedure (Manning's Eqn) Ref2
Z.,— AR?? Area (A)=bd +z &*
Zpeq=Qn/ 1495 R = Area / (b+2d(z*+1)")
AR=Qn/ 1.49s"° Avg Shear Stress (T) = d*s*unit weight of water
Q (cfs)=CIA Zoy=Zyeq

Channel Design

Min Channel Freeboard = 0.2 ft

Inside Channel Side Slope = 2 (enter X for X:1)
Outside Channel Side Slope = 2 (enter X for X:1)
Bottom Width, b= 4 ft

Runoff Coeff (initial)= 0.60  Agland, smooth
Runoff Coeff (permanent)= 0.25 Pasture, Sandy
I(inhr)=  6.76  25-yr, 10-min Design Storm (Sanford, NC)

Various Lining Types
Lining
Type
A

DOZER=—~IOQOHOoUOw

*Depth of Flow is not specified for Manning's' n

Lining Description

Jute Net (HEC-15)

Erosion Control Blanket Single Net (Curlex 1)

Erosion Control Blanket, Straw w/ Single Net (Ref 4)*
Erosion Control Blanket Double Net (Curlex HV)
Ordinary Firm Loam (Ref 2)

Grass Lined (Ref 1)*

6" Rip Rap (Ref 2, Ref 1)

GreenArmor 7010 (vegetated)

Unvegetated Turf Reinforcement Mat (TRM) (NAG C350)
Class D Phase 2 (Partially vegetated) TRM (NAG C350)
12" Rip Rap (Ref 2, Ref 1)

Class B Phase 3 (Fully vegetated) TRM (NAG C350)
Reno Mattress (6-inch, unvegetated) Ref 6

Reno Mattress (6-inch, vegetated) Ref 6

Smart Ditch (Pre-formed HDPE channel)

Concrete (HEC-15, EPA 832-F-99-002)

Manning's n
depths of depths of
0-0.5 ft 0.5-2.0 ft Vp (ft/sec) (psf)

0.015
0.034
0.025
0.026
0.020
0.030
0.069
0.034
0.025
0.048
0.078
0.048
0.0277
0.050
0.022
0.013

Ref'l
Ref'l
Ref 8

2.0
5.0
6.7
10.0
3.5
5.0
9.0
16.0
9.5
14.0
12.5
18.0
13.8
13.8

25.0

Drainage Area is measured in plan view and does not account slope. Refer to sheet "Channels" for drainage areas.
Select Lining System for each channel slope that will handle the design flow when vegetated and when initially placed

Perimeter Channels

Allowable
Shear Stress

0.45
1.55
1.50
1.65
2.0
20
2.0
8.0
225
3.34
4.0
5.7
43
8.35

10.0

Drainage.xlsx



HDR Computation

Project:  Sanford Mine
Subject:  Permit Application
Task:

Node

DI #1
DI #2
DI #3W
DI #3E
DI #5W
DI #5S
DI#6 N
DI#6W a
DI#6 W b
Cell 1N
DI#7E
DI #7W

Channel
Location
Initial Lining
DI#1
DI #2
DI #3W
DI #3E
DI #5W
DI #58
DI#6 N
DI#6 W a
DI#6 Wb
Cell 1N
DI#7E
DI #7W

Temp Lining
DI #1
DI #2
DI#3W
DI #3E
DI #5W
DI #58
DI#6 N
DI#6 W a
DI#6 Wb
Cell 1N
DI #7E
DI #7W

Perimeter Channels

Drainage

Area
(acres)

0.96
29
5.2
23
32
3.8
3.1
8.2
12.4
5.3

38.6
4.1

Drainage - Perimeter Channels

elev 2

324
288
280
270
280
282
297
322
294
290
278
276

Flow Q Lining

(cfs)

3.9
11.8
21.1

93
13.0
15.4
12.6
333
50.3
21.5

156.6

16.6

3.9
11.8
21.1

93
13.0
154
12.6
333
50.3
21.5

156.6

16.6

Type

eslleslesMesiesMesMesiieslieslesMvsiies!

oNoNONONONONO RO NO RO RONY]

elev 1

294
279
269
269
259
259
288
296
288
284
272
271

Zrea

0.22
1.51
2.83
2.88
0.96
1.07
1.38
2.82
7.17
2.78
22.80
2.08

0.27
1.89
3.54
3.60
1.21
1.34
1.72
3.52
8.96
3.48
28.49
2.60

(ft)

529
823
1,100
530
643
614
600
1,034
676
558
706
434

Flow
Depth
d (ft)

0.17
0.53
0.75
0.76
0.41
0.44
0.50
0.75
1.24
0.75
2.22
0.64

0.20
0.60
0.85
0.86
047
0.50
0.57
0.85
1.38
0.84
247
0.72

Channel
Slove

5.7%
1.1%
1.0%
0.2%
3.3%
3.7%
1.5%
2.5%
0.9%
1.1%
0.8%
1.2%

Cross
Sectional
Area (sf)

0.75
2.69
4.15
4.20
1.98
2.13
2.53
4.14
8.04
4.10
18.72
3.35

0.86
3.14
4.86
4.92
231
248
2.94
4.84
9.37
4.80
22.07
391

I Job No. 453925-235691-018 |

ISheet
Channel Side Slope
Bottom
Inside Outside Width, b
(X:1 (X:1) (ft)
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
2 2 4
Velocity
R Z . (ft/sec)
0.16 0.22 52
0.42 1.51 44
0.56 2.83 5.1
0.57 2.88 2.2
0.34 0.96 6.6
0.36 1.07 7.3
0.40 1.38 5.0
0.56 2.82 8.0
0.84 7.17 6.3
0.56 2.78 52
1.34 22.80 8.4
0.49 2.08 5.0
0.18 0.27 4.5
0.47 1.89 3.8
0.62 3.54 43
0.63 3.60 1.9
0.38 1.21 5.6
0.40 1.34 6.2
0.45 1.72 4.3
0.62 3.52 6.9
0.92 8.86 54
0.62 348 4.5
1.47 28.49 7.1
0.54 2.60 43

PAW Date Z
;04/ Date ///
of
Avg Shear
Stress
(Ib/sf) Comment
0.6 Need Liner
0.4 Need Liner
0.5 Need Liner
0.1 OK
0.8 Need Liner
1.0 Need Liner
0.5 Need Liner
1.2 Need Liner
0.7 Need Liner
0.5 Need Liner
1.2 Need Liner
0.5 Need Liner
0.7 OK
04 OK
0.5 OK
0.1 OK
1.0 OK
1.2 OK
0.5 OK
1.3 Need Diff Liner
0.8 OK
0.6 OK
1.3 Need Liner
0.5 OK

Drainage.xlsx



HDR Computation I Job No. 453925-235691-018 |

ect:  Sanford Mine Computed PAW 11/03/14
Permit Checked St
Task: Drainage - Perimeter Channels Sheet
Flow Cross Avg Shear
Channel  FlowQ Lining Depth  Sectional Velocity  Stress
Location (cfs) Type Zreq d(ft) Area(sf) R Z (ft/sec) (Ib/sf) Comment
Permanent Lining
DI #1 1.6 F 0.14 0.13 0.57 0.12 0.14 2.9 0.5 OK
DI #2 49 F 0.94 0.41 1.95 0.34 0.94 2.5 0.3 OK
DI #3W 8.8 F 1.77 0.58 3.00 045 1.77 2.9 04 OK
DI#3E 3.9 F 1.80 0.59 3.03 0.46 1.80 1.3 0.1 OK
DI #5W 54 F 0.60 0.31 1.44 0.27 0.60 3.7 0.6 OK
DI #58 6.4 F 0.67 0.33 1.55 0.28 0.67 4.1 0.8 OK
DI#6 N 5.2 F 0.86 0.38 1.84 0.32 0.86 2.9 04 OK
DI#6 W a 13.9 F 1.76 0.58 2.98 0.45 1.76 4.6 0.9 OK
DI#6 Wb 21.0 F 4.48 0.97 5.74 0.69 4.48 3.7 0.5 OK
Cell 1N 9.0 F 1.74 0.57 2.96 0.45 1.74 3.0 04 OK
DI #7E 65.2 F 14.25 1.76 13.25 1.12 14.25 49 0.9 OK
DI #7W 6.9 F 1.30 0.49 2.43 0.39 1.30 2.9 04 OK
Select an appropriate temp liner for DI 6W a and DI #7E
Flow Cross Avg Shear
Channel Channel Lining Depth  Sectional Velocity Stress
Location Slope Type Zoeq d(ft) Area(sf) R Z . (ft/sec) (1b/sf) Comment
DI#6 W a 2.5% H 4.72 0.99 5.96 0.71 472 0.7 1.6 OK
DI #7E 0.8% H 12.27 1.63 11.88 1.05 12.27 0.5 0.9 OK
CONCLUSION
Inside Outside Bottom Min Top

Channel  Channel Width, Slope  Depth Build  Width
Channel (X:1) X:1) b (ft) (%) (ft) Depth(ft) (ft) Temporary Lining Permanent Lining
12

DI#1 2 2 4 5.7% 1.2 2 Straw w/ Single Net ~ Grass Lined

DI #2 2 2 4 1.1% 0.8 2 12 Straw w/ Single Net  Grass Lined
DI#3W 2 2 4 1.0% 1.1 2 12 Straw w/ Single Net  Grass Lined
DI#3E 2 2 4 0.2% 1.1 2 12 Straw w/ Single Net ~ Grass Lined
DI #5W 2 2 4 3.3% 0.7 2 12 Straw w/ Single Net  Grass Lined
DI #5S 2 2 4 3.7% 0.7 2 12 Straw w/ Single Net ~ Grass Lined
DI#6 N 2 2 4 1.5% 0.8 2 12 Straw w/ Single Net  Grass Lined
DI#6 W a 2 2 4 2.5% 1.2 2 12 GreenArmor 7010 Grass Lined
DI#6 Wb 2 2 4 0.9% 1.6 2 12 Straw w/ Single Net  Grass Lined
Cell1 N 2 2 4 1.1% 1.0 2 12 Straw w/ Single Net  Grass Lined
DI#7E 2 2 4 0.8% 2.7 3 16  GreenArmor 7010 Grass Lined

DI #7W 2 2 4 1.2% 0.9 2 12 Straw w/ Single Net  Grass Lined

Though Channel DI #6Wa & DI #7E requires a heavier temporary liner than the other channels, the permanent liner for all channels is
grass. Therefore, using the Straw w/ Single Net could be used but additional maintenance of the channel may be necessary until grass
is established.

Perimeter Channels Drainage.xIsx
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HDR Computation

ect:

Subject:
Task:

Objective

References

Equations

Sanford Mine
Permit Application
Drainage - Sideslope Swales

Design the sideslope channels on the structural fill for the 25-yr storm.

. NC Erosion and Sediment Control Planning and Design Manual.
. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
. NCDOT Standard Specifications for Roads and Structures

. North American Green Product Brochure version 4.11

. Maccaferri

. Green Armor Systems
.NOAA Atlas 14, Volume 2, Version 3 (Sanford, NC)

1
2
3
4
5. East Coast Erosion Blankets (ECS-1)
6
7
8

Normal Depth Procedure (Manning's Eqn)

Channel Design

Z,,= AR?? Area (A)=bd + z d°
Zneq=Qn/ 1.495°° R = Area / (b+2d(z"+1)™)
AR =Qn/ 1.495"
Q (cfs)=CIA
Zp="2.

av — Lreq

Min Channel Freeboard= 0.2 ft
Inside Channel Side Slope = Varies (enter X for X:1)
Outside Channel Side Slope = Varies (enter X for X:1)

Bottom Width, b= Varies ft

Runoff Coeff (initial)}= 0.60  Agland, smooth
Runoff Coeff (permanent)= 0.25 Pasture, Sandy
[(in/hry=  6.76  25-yr, 10-min Design Storm (Sanford, NC)

Various Lining Types

Swales

Lining
Type
A

DOZErR—-—IQUmOmUOw

Lining Description

Jute Net (HEC-15)

Erosion Control Blanket Single Net (Curlex 1)

Erosion Control Blanket, Straw w/ Single Net (Ref 4)*
Erosion Control Blanket Double Net (Curlex HV)
Ordinary Firm Loam (Ref 2)

Grass Lined (Ref 1)*

6" Rip Rap (Ref 2, Ref 1)

GreenArmor 7010 (unvegetated)

Unvegetated Turf Reinforcement Mat (TRM) (NAG C350)
Class D Phase 2 (Partially vegetated) TRM (NAG C350)
12" Rip Rap (Ref 2, Ref 1)

Class B Phase 3 (Fully vegetated) TRM (NAG C350)
Reno Mattress (6-inch, unvegetated) Ref 6

Reno Mattress (6-inch, vegetated) Ref 6

Smart Ditch (Pre-formed HDPE channel)

Concrete (HEC-15, EPA 832-F-99-002)

*Depth of Flow is not specified for Manning's' n

| Job No. 453925-235691-018 |

Checked
Sheet

Ref2

Avg Shear Stress (1) = d*s*unit weight of water

Manning's n

0.023

depths of depths of
0-0.5ft 0.5-2.0ft Vp (ft/sec)

0.015
0.034
0.025
0.026
0.020
0.030
0.069
0.034
0.025
0.048
0.078
0.048
0.0277
0.050
0.022
0.013

PAW

Saw”

Ref'1
Refl
Ref 8

2.0
5.0
6.7
10.0
3.5
5.0
9.0
12.0
9.5
14.0
12.5
18.0
13.8
13.8

25.0

Date

Allowable
Shear Stress
(psf)
0.45
1.55
1.50
1.65
2.0
2.0
2.0
33
2.25
3.34
4.0
5.7
43
8.35

10.0

Drainage.xlsx



HDR Computation I Job No. 453925-235691-018 |

Project: Sanford Mine PAW Date 7
Subject: Permit Application Checked £t Date  ///
Task: Swales Sheet of

Drainage Area is measured in plan view and does not account slope.
Select Lining System for each channel slope that will handle the design flow when vegetated and when initially placed

Channel Side Slope

Drainage Bottom
Channel Area  Channel Inside Outside Width, b
Location (acres) Slope x:1) X:1) (ft)
Sideslope 13.3 2.0% 4 4 0 Largest Drainage Area (DI #5 on the Slope Drain Areas)
Diversion Berm 7.5 0.25% 2 2 0 Largest Drainage Area (DI #3)
Flow Cross Avg Shear
Channel Flow Q Lining Depth  Sectional Velocity Stress
Location (cfs) Type d(ft) Area(sf) R Z (ft/sec) (Ib/sf) Comment
Initial Lining
Sideslope 53.9 E 5.12 1.31 6.91 0.64 5.12 7.8 1.6 Need Liner
Diversion Berm 304 E 8.17 2.07 8.59 0.93 8.17 35 0.3 Need Liner
Temp Lining
Sideslope 53.9 C 6.40 1.43 8.17 0.69 6.40 6.6 1.8 Needs Liner
Diversion Berm 304 C 10.21 2.25 10.16 1.01 10.21 3.0 04 OK
Flow Cross Avg Shear
Channel Flow Q Lining Depth  Sectional Velocity Stress
Location (cfs) Type Zreq d{ft) Area(sf) R Z o (ft/sec) (Ib/sf) Comment
Permanent Lining
Sideslope 22.5 F 3.20 1.10 4.86 0.53 3.20 4.6 1.4 OK
Diversion Berm 12.7 F 5.10 1.74 6.04 0.78 5.10 2.1 03 OK
CONCLUSION
Side Slope Min to Construct
Inside Outside Bottom Top
Channel Channel Width,b Slope Depth  Width
(X:1) X:1) () (%) (ft) (ft)
Sideslope 4 4 0 2.0% 1.1 8.8
Diversion Berm 2 2 0 0.25% 1.7 6.9

Though the Straw w/ Single Net temporary liner for the sideslope is greater than the allowable shear stress, since it a tmeporary
condtion and the permanent liner is grass, the Straw w/ Single Net will work but the channel will need to be monitored and
maintained until vegetation is extablished.

Channels to have a temporary liner (Straw w/ Single Net)
Permanent liner is grass.

Swales Drainage.xlsx



HDR Computation | Job No. 453925-235691-018

Sanford Mine Computed PAW
Subject: Permit Application Checked: Date:
Task: Drainage - Slope Drains Sheet: Of:

Objective: Size the slope drains for the 25-year storm

Equations:
Q (cfs)=CIA
Runoff Coeff (initial)= 0.60 Ag land, smooth
Runoff Coeff (permanent)= 0.25 Pasture, Sandy
I(in/hr)= 6.76 25-yr, 10-min Design Storm (Sanford, NC)
Drainage Area (acres) = Use largest drainage area
Drainage area to pipe is in "post" condition

Manning's 3
On |&
D REQD = 16 |: \/s_

Theoretical Size for pipe flowing full
D = Pipe diameter (inches)
Q = Peak Flow (cfs)
0.012 = n, Manning's Roughness Coefficient for ADS CPP
s = Pipe Slope (ft fall / ft run)

Orifice O = C. * A * (2eh\°’

Q (cfs) = Discharge
0.60 = C4 Coefficient of Discharge (dimensionless)
A (sf) = Cross Sectional Area of Flow at the orifice entrance
32.2 = Acceleration of Gravity g (ft/sec?)
h (ft) = driving head measured from centroid of the orifice (pipe) to the water surface

"Driving Headwater Rqd for Total Flow" is the depth of water above the centerline of the pipe required to achieve the flow
"Driving Head Available" is the depth of the channel from the center of the pipe to the top of the channel.

Allowable head 2.5  feet (depth of channel)

Driving
Pipe Cross Headwater  Driving Manning's
Slope (ft Drainage Theoretical Pipe Dia Sectional Rqd for Head Possible
fall/ft  Area  Flow  Sizefor Selected Areaof Total Flow Available Discharge
Scenario run) (acres) Q(cfs) pipe (in) (in)  orifice (sf) (ft) (ft) O (cfs)

11/03/14
/0

Comments

This assumes entire area trying

Sideslope ~ 25% 133 225 127 18 18 7.0 1.8 57,0 togetinto the pipe though
some is already in the pipe due
to cideslone swales

Sideslope  25% 7 11.8 10.0 18 1.8 1.9 1.8 57,  Thisis drainage from only the
sideslope swale.

Diversion

1.0% 2 3.4 11.4 12 0.8 0.8 2.0 3.9
Berm
Diversion o, 75 127 18.7 18 1.8 2.2 1.8 11.4
Berm
Conclusion:

Use 18" corrugated plastic pipe (smooth wall)

Stope Drains

Drainage.xlsx
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HDR Computation

Project: Sanford Mine Computed:  PAW Date Z
Subiect: Permit Application Checked ¢.c” Date
Task: Drainage - Drop Inlets Sheet of

Objective:  Size the drop inlet outlet pipe and grates for the 25-year storm.
References: 1. Elements of Urban Stormwater Design, H. Rooney Malcom, P.E.

Eguations:
Q=C4*A@*g*h’>  Orifice Equation
Q = cfs, discharge (based on permanent condition)
Cy= 0.59 coefficient of discharge Ref 1, p III-11
g= 322 ft/sec?, gravity
h = ft, driving head measured from the center of the pipe
A = sf, cross sectional open area

Open area (A) Grate Manufacturer
A 3.6 V-3610-7 East Jordan Iron Works
B 4.8 R-1792-KG Neenah
C 6.0 R-3531-A Neenah

Allowable head 2.0 feet (depth of channel)
Max Flow from Slope Drains 22.5 cfs

Check for inlet control

Perimeter Channel

Channel Slope Drain  Total Flow Open Required

Location Side 1 Side 2 Flow (cfs) (cfs) Grate Area (sf) head(ft)
DI #1 1.6 22.5 24.1 C R-3531-A 6.0 0.7
DI#2 4.9 22.5 274 C R-3531-A 6.0 0.9
DI#3 8.8 39 22.5 352 C R-3531-A 6.0 1.5
DI #4 Mininimal Flow
DI #5 5.4 6.4 22,5 343 C R-3531-A 6.0 1.5
DI #6 52 21.0 22.5 48.7 C R-3531-A 6.0 29
DI#7 65.2 6.9 22.5 94.6 C R-3531-A 6.0 11.1

Cut the flow in half then determine the required grate inlet area

DI #6 24.3 0.59 C R-3531-A 6.0 0.7
DI #7 47.3 0.59 C R-3531-A 6.0 2.8

DI #7 65.2 0.59 2 large grates will be necessary 9.8 2.0
Drop Inlets

!|_Job No. 453925-235691-018

4

Ok
Ok
Ok

Ok

Problem
Problem

Ok
Problem

Ok

Drainage.xlsx



HDR Computation

Sanford Mine Computed:  PAW
Subiect: Permit Application Checked V2-
Task: Drainage - Drop Inlets Sheet

Size the Outlet culvert
D=16*%(Qu/s’ 5)3/8 Theoretical Pipe Size (in) for pipe flowing full
D = Pipe diameter (inches)
Q = Peak Flow (cfs)
n= 0.013 Manning's Roughness Coefficient for RCP
s = Pipe Slope (ft fall / ft run)

Check pipe size based on Gravity Flow

DI#1 DI#2 DI#3 DI#4 DI#5
Q (cfs) = 24.1 274 35.2 10.0 34.3
Number of pipes 1 1 1 1 1
Slope (%) = 1.0% 1.0%  1.0% 1.0% 1.0%
Theoretical Diameter (in) = 24.6 25.8 283 17.7 28.0
Culvert Diameter (in) = 30 30 30 18 30

Conclusion:
For DI #1, #2, #3, #4, and #5 use a grate with 6 sf open area and a 30" RCP Outlet
For DI#6 use a two grates each with 6 sf open area and a 36" RCP Outlet
For DI#7, use two grates with 12 sf open area and 2- 36" RCP Outlet

Drop Inlets

Date

Date
of

DI #6
48.7

1.0%
32.0
36

Job No. 453925-235691-018

4

DI#7
94.6

1.0%
31.6
36

Drainage.xlsx



HDR Computation

I Job No. 453925-235691-018 |

Project: Sanford Mine Computed: PAW  Date 4
Subiect: Permit Application Checked %.a¢s/" Date
Task: Drainage - Drop Inlet across Power Line Right-of-Way Sheet of

Obijective: Design the grate, drop inlet and culvert for the power line right-of-way crossing for the 25-year storm.

References: 1. Elements of Urban Stormwater Design, H. Rooney Malcom, P.E.

Equations:
Q (cfs) = CIA
Runoff Coeff (initial)j= 0.60  Ag land, smooth
Runoff Coeff (permanent)= 0.25 Pasture, Sandy
I(in/hr)=  6.76  25-yr, 10-min Design Storm (Sanford, NC)
A (acres)=  27.6
Q initial (cfs)= 111.95
Q permanent (cfs)= 46.64

Orifice Equation
Q=Co*A@*g*h)"’
Q = cfs, discharge (based on permanent condition)
C4 = coefficient of discharge 0.59
g= 322 ft/sec’, gravity
h = ft, driving head measured from the center of the pipe
A = sf, cross sectional open area

Open Perimeter of

Type area(A) grate Grate Manufacturer
A 3.6 10.4 V-3610-7 East Jordan Iron Works
B 4.8 12.1 R-1792-KG  Neenah
C 6.0 13 R-3531-A Neenah
Weir Equation
Q=C,*L*H'?

Q (cfs) = Discharge
3.2 =Cw Weir Coefficient (dimensionless)
varies = L (ft) Length of weir measured along crest
H (ft) = driving head (crest of the weir to the water surface)

Allowablehead 2.0  feet (depth of channel)

Check for inlet control

Ref 1, p I1I-11

Open Area
Q) CyorC, Grate () Required head(ft)
Initial 111.95 0.59 C R-3531-A 6.0 15.5 Problem Remove grate Assume weir
Initial 111.95 32 C R-3531-A 13.0 1.9 Ok
Permanent 46.6 0.59 C R-3531-A 6.0 2.7 Problem Divide the flow
Permanent 23.3 0.59 C R-3531-A 6.0 0.7 Ok

Drop Inlets Power Line

Drainage.xlsx



HDR Computation

Sanford Mine PAW
Subiect: Permit Application Checked Cran”
Task: Drainage - Drop Inlet across Power Line Right-of-Wav Sheet Of

Size the Outlet culvert

D=1 6"‘(Qn/s0 5)3/8 Theoretical Pipe Size (in) for pipe flowing full
D = Pipe diameter (inches)
Q = Peak Flow (cfs)
n= 0.013 Mannings Roughness Coefficient for RCP
s = Pipe Slope (ft fall / ft run)

DIRim Elev 288
Depth of DI 3
DI bottom Elev 285
Culvert Invert In 285
Culvert Invert Out 282
Culvert Length 206
Slope  1.5%

Check pipe size based on Gravity Flow

Initial Half of Permanent Half of Permanent
Flow Initial Flow Flow Flow
Q(cfs)= 11195 55.97 46.6 23.32
Theoretical Diameter (in)=  40.7 31.4 29.3 22.6
Culvert Diameter (in) = 42 30 30 24

Conclusion:
Use a grate with a minimum inlet area of 6 sf.
Use 2 24" RCP culverts out of the drop inlets at 1.5% slope.

Drop Inlets Power Line

| Job No. 453925-235691-018

4
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HDR Computation

ect:

Task:

Objective:

References:

Equations:

Sanford Mine PAW

Permit Checked: Sitee”

Drainage - Apron Outlets Sheet

Design the apron outlets for the drop inlets for the 25-year storm.

1. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.

2. North Carolina Erosion and Sediment Control Planning and Design Manual

Determine Tailwater conditions to size apron

Use Normal Depth Procedure (Manning's Eqn.)

Z,,= AR?? Area (A) =bd + z d*

Zoeq=Qn/ 1.495% R = Area / (b+2d(z*+1)*)

AR’ = Qn/ 1.49¢"° Avg Shear Stress (T) = d*s*unit weight of water
Zav = Zreq

n= 0.104 6-Inch Rip Rap Lined Channel (for depths of 0 to 0.5 ft)
n= 0.069 6-Inch Rip Rap Lined Channel (for depths of 0.5 to 2 ft)

Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z) = 6 enter X for X:1 (assumed)

s (ft/ft)= 1.0% Outlet Slope (assumed)

Diameter (in) = varies Drop Inlet Culvert
Bottom Width (ft) = 10 Assumed

Flows (Q) based on the "Manning's Possible Discharge Q (cfs)" from the pipe calcualation.
For the Perm Rd North, the flow is doubles since there are 2 pipes.

0.5* Barrel Diameter (ft) = 1.25
0.5* Barrel Diameter (ft) = 1.50
Minimum Tailwater Conditions: Flow Depth (d) < 0.5*Diameter of Culvert

Diameter (in)

30
36

Maximum Tailwater Conditions: Flow Depth (d) > 0.5*Diameter of Culvert
Cross
Flow Depth, Sectional Velocity
Q (cfs) Zieq d (ft) Area (sf) R (ft) Zay (ft/sec)
352 16.28 1.13 18.9 0.80 16.28 1.9
48.7 22.54 1.33 23.9 0.91 22.54 2.0

Size the aprons for each pipe using Ref 2:
The discharge on Figure 8.06a do not intersect the pipe size. Use the minimum length.

Conclusion:

Apron Outlet

Median Rip Selected

Culvert Outlet  Rap Size  Rip Rap
Diameter Entrance  Length Width (ft) Size
(ft) (t) (ft) (ft) dso (in)

2.5 7.5 16 19 0.5 Class B

3 9 20 23 0.5 Class B

Oof

Ref 1, I1-7

Ref2
Ref2
Ref2

Ref2, 8.06.1

Ref 2 8.06a
Ref 2 8.06b

Tailwater
Min
Min

I Job No. 453925-235691-018 |
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NOAA Atlas 14, Volume 2, Version 3
Location name: Sanford, North Carolina, US*
Latitude: 35.5361°, Longitude: -79.1459°
Elevation: 297ft*

* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G M. Bonnin, D. Martin, B Lin, T. Parzybok, M Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabutar | PF_graphical | Maps_& aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)’
Average recurrence interval (years)

Duration
5-min
10-min
15-min
30-min
60-min
2-hr
3-hr
6-hr
12-hr
24-hr
2-day
3-day
4-day
7-day
10-day
20-day
30-day
45-day

60-day

1 2
5.10 6.04
(4.66-5.62) (5.51-6.64)
4.08 4.82
(3.72-4.48) (4.40-5.31)
3.40 4.04
(3.10-3.74)  (3.69-4.45)
2.33 2.79
(2.13-2.56)  (2.55-3.07)
1.45 1.75
(1.33-1.60) (1.60-1.93)
0.856 1.04
(0.776-0.951) (0.840-1.15)
0.605 0.733
(0.550-0.672) (0.666-0.814)
0.363 0.439
(0.331-0.401) (0.401-0.484)
0.214 0.258
(0.195-0.236) (0.236-0.286)
0.125 0.151
(0.116-0.134) (0.141-0.162)

| 0.073 0.088
(0.068-0.078) (0.082-0.094!
| 0.051 0.062
(0.048-0.055) (0.058-0.066,
0.041 0.049
{0.038-0.044' '0.046-0.052!
0.027 0.032
(0.025-0.029. [0.030-0.034)
0.021 ‘ 0.025 ‘
{0.020-0.023)| (0.024-0.027)
0.014 0.017
‘0.014-0.015! '0.016-0.018)
0.012 0.014
‘0.011-0.013} '0.013-0.015)
0.010 0.012
‘0.010-0.011) '0.011-0.013)
0.009 0.011
‘0.009-0.010) (0.010-0.011)

5

7.00
(6.38-7.70)

5.60
(5.11-6.17)
4.72
(4.31-5.20)

3.36
(3.06-3.69)

21§
(1.96-2.37)

1.29
(1.17-1.43)

0.915
(0.831-1.02)

0.549
(0.500-0.606)

0.325
(0.296-0.359)

0.190
10.177-0.204!

0.109
(0.102-0.117,

0.077
10.071-0.082)

0.060
'0.056-0.065!

0.039
10.036-0.042)

0.031
'0.029-0.033)

0.020
'0.019-0.021

0.016
:0.015-0.017)

0.014
'0.013-0.014)

0.012
(0.011-0.013)

10

7.69
(7.00-8.45)

6.15
(5.60-6.76)

5.19
(4.72-5.70)

3.76
(3.42-4.13)

245
(2 23-2.69)

1.48
(1.34-1.64)

1.06
(0.957-1.17)

0.636
{0.577-0.700;

0.378
(0.342-0.417

0.220
(0.205-0.236!

0.126
'0.117-0.136)

0.088
10.082-0.095)

0.069
'0.065-0.074)

0.044
'0.041-0.048)

0.035
'0.032-0.037)

0.022
'0.021-0.024)

0.018
'0.017-0.019)

0.015
'0.014-0.016)

0.013

25

8.48
(7.68-9.31)

C "6.76
6.12-7.42)
571
(5.17-6.27)

4.23
(3.83-4.84)

2.82
(2.55-3.09)

1.73
(1.565-1.91)

1.25
(1.12-1.38)

0.753
0.679-0.827)

0.452
'0.406-0.496)

0.262
'0.242-0.281)

0.150
'0.138-0.161)

0.104
0.097-0.112)

0.082
(0.076-0.088)

0.052
(0.048-0.056)

0.040
(0.037-0.043)

0.026
(0.024-0.027.

0.020
(0.019-0.022,

0.017
(0.016-0.017

0.014
(0.014-0.015!

50

9.01
(8.14-9.89)

7.18
(6.48-7.87)

6.06
(5.47-6.64)

4.56
(4.12-5.00)

3.09
(2.79-3.39)

1.92
(1.71-212)

1.40
(1.25-1.54)

0.846
(0.758-0.928)

0.511
(0.456-0.560)

0.295
{0.273-0 316)

0.168
(0.155-0.180)

0.117
(0.108-0.126:

0.092
(0.085-0.098;

0.058
(0.054-0.062;

0.044
0.041-0.047!

0.028
'0.026-0.030}

0.022
'0.021-0.024)

0.018
'0.017-0.019)

0.015
'0.015-0.016)

100

9.52
(8.53-10.4)

7.56
(6.78-8.28)

6.37
(5.72-6.98)

4.88
(4.38-5.34)

3.36
(3.01-3.68)

2.10
(1.87-2.33)

1.55
(1.37-1.71)

0.942
(0.837-1.03)

0.573
(0.506-0.627;

0.328
[0.303~-0.353)

0.187
0.172-0.201)
0.130

120-0.

0.102
10.094-0.109)

0.064
10.060-0.069)

0.049
'0.045-0.052),

0.031
(0.029-0.033)

0.024
(0.022-0.025)

0.019
(0.018-0.020)

0.016
(0.016-0.017)

Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

n parenthesis are PF eslimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

refer to NOAA Atlas 14 document for more information.

PF graphical

200

9.95
(8.88-10.9)

7.88
(7.03-8.64)

6.63
(5.92-7.27)

5.16
(4.61-5.66)

3.62
(3.23-3.97)

2.29
(2.02-2.53)

1.70
(1.50-1.88)

1.04
(0.915-1.14)

0.638
'0.558-0.698)

0.364
'0.334-0.390)

0.206
0.189-0.222)

0.144
'0.132-0.154)

0.112
(0.103-0.120)

0.071
(0.065-0.076;

0.053
(0.049-0.057

0.034
(0.031-0.036;

0.026
(0.024-0.027;

0.020
(0.019-0.022!

0.017
(0.016-0.018!

500 1000
10.4 10.8
(9.23-11.4)  (9.48-11.8)
8.26 8.50
(7.30-9.05)  (7.46-8.33)
6.92 7.1
(6.13-7.59)  (6.24-7.81)
5.51 5.76
(4.87-6.04) (5.06-6.32)
3.95 4.20
(3.50-4.33) (3.69-4.61)
2.53 2.72
(2.21-2.80)  (2.35-3.01)
1.91 2,08
(1.66-2.11)  (1.79-2.30)
1.18 1.29
(1.02-129) (1.10-1.41)
0.730 0.804
(0.627-0.799" '0.6681-0.880)
0.412 0.449
(0.377-0.442) 0.410-0.483)
0.233 0.254
(0.213-0.251) '0.231-0.274)
0.162 0.177
(0.148-0.174) 0.161-0.190)
0.127 0.138
(0.116-0.136) (0.125-0.148)
0.080 0.087
{0.073-0.085) (0.079-0.093)
0.059 0.064
'0.055-0.063)| (0.059-0.068)
0.037 0.040
10.034-0.039) (0.037-0.042;
0.028 0.030
10.026-0.030) (0.028-0.032]
0.022 0.023
'0.021-0.023) (0.022-0.025!
0.019 0.020

8-0.021
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Table 8.03b

Value of Runoff Coefficient

8.03.6

(C) for Rational Formula

Land Use

Business:
Downtown areas

Neighborhood areas

Residential:
Single-family areas

Multi units, detached
Multi units, Attached

Suburban

Industrial:
Light areas
Heavy areas

Parks, cemeteries
Playgrounds
Railroad yard areas
Unimproved areas

Streets:
Asphalt
Concrete
Brick

Drives and walks

Roofs

C

0.70-0.95
0.50-0.70

0.30-0.50
0.40-0.60
0.60-0.75
0.25-0.40

0.50-0.80
0.60-0.90

0.10-0.25
0.20-0.35
0.20-0.40

0.10-0.30

0.70-0.95
0.80-0.95
0.70-0.85

0.75-0.85
0.75-0.85

Land Use

Lawns:
Sandy soil, flat, 2%
Sandy soil, ave.,
2-T%
Sandy soil, steep,
7%
Heavy soil, flat, 2%
Heavy soil, ave.,
2-T%
Heavy soil, steep,
7%

Agricultural land:
Bare packed soil
Smooth
Rough
Cultivated rows

Heavy soil no crop

Heavy soil with
crop

Sandy soil no crop

Sandy soil with
crop
Pasture

Heavy soil

Sandy soll
Woodlands

0.05-0.10
0.10-0.15
0.15-0.20
0.13-0.17
0.18-0.22
0.25-0.35

0.30-0.60
0.20-0.50

0.300.60 )
0.20-050
0.20-0.40
0.10-0.25

0.15-0.45
0.05-0.25
0.05-0.25

0.10-0.25
0.15-

0.05:0.25
0.05-0.25

NOTE: The designer must use judgement to select the appropriate C
value within the range for the appropriate land use. Generally, larger
areas with permeable soils, flat slopes, and dense vegetation should
have lowest C values. Smaller areas with slowly permeable soils, steep
slopes, and sparse vegetation should be assigned highest C values.

Source: American Society of Civil Engineers

Rev. 6/06
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Figure 8.06a Design of outlet protection protection from a round pipe flowing full, minimum tailwater condition {Tw < 0.5 diameter).

Curves may not be extrapolated.
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SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #1 (Ph-1)

Phase 2 controls Basin #1 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 5.4 ac Length(ft) Width(ft)
Disturbed area(DA) 5.4 ac Bottom 151 67
|[Rqd sediment storage (1800xDA) | 9756][cf Top 169 85
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 283 13792 0
Bottom elevation of basin 283 msl 284 15414 14603
Sediment Storage elevation 286 msl 285 17133 30877
Spillway crest 286 msl 286 18947 48917
Top of Berm 289 msl 287 21463 69122
Emergency Spillway Elevation 287 msl 288 23731 91719
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 289 26305 116737
|[20yr Computed flow from site, 'Q' = 32.86 cfs X X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!

4 Skimmer Size (inches) Skimmer Size

BASIN EFFICIENCY

0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 9756  cf
2 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 48917 cf OKAY
1.83 Dewatering Time (days) 2| Surface area required: 14294.1 sf
Suggest about 3 days 2.5 Surface area provided: 18947 sf OKAY
3
4
5|
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN J[T00yr Flow from site, Q100=  53.13 |
Riser diameter: 36 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 17
Orifice Flow: 32.00 cfs Controlling: Orifice C 3 L= 16
Weir Flow: 58.40 cfs Controlling>Q10? OKAY h 0.5
|[Barrel diameter 30 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 36 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 283
Barrel invert out 282.5 BARREL FLOW>Q10? OKAY
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
([Buoyancy = 4386 Ibs Anchor width 5.5 [ft
Required Volume of Anchor = 30.3 cf Anchor Length 5.5 [ft
Actual Volume of Anchor= 45.375 cf Anchor Thickness 1.5|ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691

DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #1 (Ph-2)

Phase 2 controls Basin #1 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 9.3 ac Length(ft) Width(ft)
Disturbed area(DA) 9.3 ac Bottom 176 79
|[Rqd sediment storage (1800xDA) | 16794][cf Top 194 97
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 283 13792 0
Bottom elevation of basin 283 msl 284 15414 14603
Sediment Storage elevation 286 msl 285 17133 30877
Spillway crest 286 msl 286 18947 48917
Top of Berm 289 msl 287 21463 69122
Emergency Spillway Elevation 287 msl 288 23731 91719
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 289 26305 116737
|[20yr Computed flow from site, 'Q' = 43.09 cfs X X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 16794 cf
2 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 48917 cf OKAY
3.15 Dewatering Time (days) 2| Surface area required: 18744.15 sf
Suggest about 3 days 2.5 Surface area provided: 18947 sf OKAY
3
4
5|
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN J[T00yr Flow from site, Q100= _ 70.07 |
Riser diameter: 48 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 20
Orifice Flow: 42.00 cfs Controlling: Orifice C 3 L= 19
Weir Flow: 77.87 cfs Controlling>Q10? OKAY h 0.5
|[Barrel diameter 36 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 50 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 283 BARREL FLOW>Q10? OKAY
Barrel invert out 282.5 Velocity= 7.04 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
([Buoyancy = 6763 Ibs Anchor width 6 [ft
Required Volume of Anchor = 46.6 cf Anchor Length 6 |ft
Actual Volume of Anchor= 63 cf Anchor Thickness 1.75|ft
OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #2 (Ph-1)

Phase 1 controls Basin #2 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 17.6 ac Length(ft) Width(ft)
Disturbed area(DA) 17.6 ac Bottom 279 130
|[Rqd sediment storage (1800xDA) | 31680][cf Top 297 148
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 259 37790 0
Bottom elevation of basin 259 msl 260 40921 39356
Sediment Storage elevation 262 msl 261 44109 81871
Spillway crest 262 msl 262 47355 127603
Top of Berm 265 msl 263 50658 176609
Emergency Spillway Elevation 263 msl 264 54018 228947
DESIGN FLOW _ (SEE HYDROGRAPHS) 265 57435 284674
10yr Computed flow from site, 'Q' = 101.32 cfs X X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 50.66 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 31680 cf
2 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 127603 cf OKAY
2.97 Dewatering Time (days) 2| Surface area required: 44074.2 sf
Suggest about 3 days 2.5 Surface area provided: 47355 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5|
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
I RISER SPILLWAY DESIGN J[T00yr Flow from site, Q100=  164.22 |
Riser diameter: 60 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 15
Orifice Flow: 53.00 cfs Controlling: Orifice C 3 L= 14
Weir Flow: 97.34 cfs Controlling>Q10? OKAY h 0.5
|[Barrel diameter 48 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 75 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 259 BARREL FLOW>Q10? OKAY
Barrel invert out 258.5 Velocity= 5.94 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 11517 Ibs Anchor width 7]t
Required Volume of Anchor = 79.4 cf Anchor Length 7 |t
Actual Volume of Anchor= 98 cf Anchor Thickness 2 |ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691 Basin #2 (Ph-2)
DATE: 09.30.14 BY: RMB Phase 1 controls Basin #2 Design
[REVISED: 11.05.14 RVW: PW
FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER NCDENR? I 1 |<— IF Yes, Type: 1
DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 14.8 ac Length(ft) Width(ft)
Disturbed area(DA) 14.8 ac Bottom 275 129
|[Rqd sediment storage (1800xDA) | 26676][cf Top 293 147
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)J
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 259 37790 0
Bottom elevation of basin 259 msl 260 40921 39356
Sediment Storage elevation 262 msl 261 44109 81871
Spillway crest 262 msl 262 47355 127603
Top of Berm 265 msl 263 50658 176609
Emergency Spillway Elevation 263 msl 264 54018 228947
DESIGN FLOW (SEE HYDROGRAPHS) 265 57435 284674
10yr Computed flow from site, 'Q' = 98.71 cfs X X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 49.355 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 26676  cf
2 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 127603 cf OKAY
2.50 Dewatering Time (days) 2| Surface area required: 42938.85 sf
Suggest about 3 days 2.5 Surface area provided: 47355 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
( RISER SPILLWAY DESIGN |[TO0yr Flow from site, Q100 = 128.64 |
Riser diameter: 60 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = -21
Orifice Flow: 53.00 cfs Controlling: Orifice C=3.0 h=1 L= -7
Weir Flow: 97.34 cfs Controlling>Q10? OKAY Note: Q25 handled by Riser/Barrel
[Barrel diameter 48 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 75 cfs (Each)
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 259
Barrel invert out 258.5 BARREL FLOW>Q10? OKAY

CONCRETE ANCHOR SIZE

Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 11517 Ibs Anchor width 7]t
Required Volume of Anchor = 79.4 cf Anchor Length 7 |t
Actual Volume of Anchor= 98 cf Anchor Thickness 2 |ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #3 (Ph-1)

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 3.1 ac Length(ft) Width(ft)
Disturbed area(DA) 3.1 ac Bottom 116 49
|[Rqd sediment storage (1800xDA) | 5562][cf Top 134 67
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 244 4877 0
Bottom elevation of basin 244 msl 245 6254 5566
Sediment Storage elevation 247 msl 246 7709 12547
Spillway crest 247 msl 247 9244 21024
Top of Berm 250 msl 248 10857 31074
Emergency Spillway Elevation 248 msl 249 12549 42777
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 250 14321 56212
|[20yr Computed flow from site, 'Q' = 20.51 cfs X X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!

3 Skimmer Size (inches) Skimmer Size

BASIN EFFICIENCY

0.25 Head on Skimmer (feet) (Inches) Sediment storage required: 5562  cf
1.25 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 21024 cf OKAY
3.08 Dewatering Time (days) 2| Surface area required: 8921.85 sf
Suggest about 3 days 2.5 Surface area provided: 9244  sf OKAY
3
4
5
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN |[I00yr Flow from site, Q100= __________ 31.93 |
Riser diameter: 30 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 9
Orifice Flow: 26.00 cfs Controlling: Orifice C 3 L= 9
Weir Flow: 48.67 cfs Controlling>Q10? OKAY h 0.5
|[Barrel diameter 24 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 23 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 244 BARREL FLOW>Q10? OKAY
Barrel invert out 2435 Velocity= 7.25 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 2879 Ibs Anchor width 4.5]t
Required Volume of Anchor = 19.9 cf Anchor Length 4.5 |ft
Actual Volume of Anchor= 30.375 cf Anchor Thickness 1.5|ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691 Basin #4 (Ph-1)
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW
FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER NCDENR? I 1 I‘— IF Yes, Type: 1
DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 12.7 ac Length(ft) Width(ft)
Disturbed area(DA) 12.7 ac Bottom 242 112
|[Rqd sediment storage (1800xDA) | 22860][cf Top 260 130
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)J
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 261 26486 0
Bottom elevation of basin 261 msl 262 29254 27870
Sediment Storage elevation 264 msl 263 32108 58551
Spillway crest 264 msl 264 35046 92128
Top of Berm 267 msl 265 38057 128680
Emergency Spillway Elevation 265 msl 266 41127 168272
DESIGN FLOW (SEE HYDROGRAPHS) 267 44258 210964
10yr Computed flow from site, 'Q' = 77.74 cfs X X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 38.87 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
3 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.25 Head on Skimmer (feet) (Inches) Sediment storage required: 22860 cf
1.75 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 92128 cf OKAY
3.23 Dewatering Time (days) 2| Surface area required: 33816.9 sf
Suggest about 3 days 2.5 Surface area provided: 35046  sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5
[§
[EPTLLWAY DESIGN (Note: Need 2 risers, therefore spit flow) [EMERGENCY SPILLWAY SIZE_(=QICh L8] |
I RISER SPILLWAY DESIGN |[I00yr Flow from site, Q100= _________ 122.75 |
Riser diameter: 48 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 23
Orifice Flow: 42.00 cfs Controlling: Orifice C 3 L= 22
Weir Flow: 77.87 cfs Controlling>Q10? OKAY h 0.5
|[Barrel diameter 36 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 50 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 261 BARREL FLOW>Q10? OKAY
Barrel invert out 260.5 Velocity= 7.04 fps I

CONCRETE ANCHOR SIZE

Length of exposed outlet pipe 10 ft Safety factor 1.2
([Buoyancy = 6763 Ibs Anchor width 6 [ft
Required Volume of Anchor = 46.6 cf Anchor Length 6 |ft
Actual Volume of Anchor= 63 cf Anchor Thickness 1.75|ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691 Basin #5 (Ph-1)
DATE: 09.30.14 BY: RMB Phase 1 controls Basin #5 Design
[REVISED: 11.05.14 RVW: PW
FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER NCDENR? I 1 |<— IF Yes, Type: 1
DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 49.4 ac Length(ft) Width(ft)
Disturbed area(DA) 49.4 ac Bottom 494 238
|[Rqd sediment storage (1800xDA) | 88992][cf Top 512 256
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)J
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 255 118763 0
Bottom elevation of basin 255 msl 256 124341 121552
Sediment Storage elevation 258 msl 257 129979 248712
Spillway crest 258 msl 258 135678 381541
Top of Berm 262 msl 259 141437 520098
Emergency Spillway Elevation 260 msl 260 147256 664445
DESIGN FLOW (SEE HYDROGRAPHS) 261 153136 814641
10yr Computed flow from site, 'Q' = 301.78 cfs 262 X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 150.89 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 88992 cf
3.25 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 381541 cf OKAY
3.16 Dewatering Time (days) 2| Surface area required: 131274.3 sf
Suggest about 3 days 2.5 Surface area provided: 135678 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
( RISER SPILLWAY DESIGN |[TO0yr Flow from site, Q100 = 476.49 |
Riser diameter: 72 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 157
Orifice Flow: 187.00 cfs Controlling: Orifice C 3 L= 52
Weir Flow: 330.38 cfs Controlling>Q10? OKAY h 1
|[Barrel diameter 60 in
|[Barrel slope (ft/ft) 0.025 ft/ft Flow through barrel 160 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 255 BARREL FLOW>Q10? OKAY
Barrel invert out 253.75 Velocity= 8.13 fps I

CONCRETE ANCHOR SIZE

Length of exposed outlet pipe 10 ft Safety factor 1.2
([Buoyancy = 17545 Ibs Anchor width 8 Jft
Required Volume of Anchor = 121.0 cf Anchor Length 8 |ft
Actual Volume of Anchor= 160 cf Anchor Thickness 2.5|ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691 Basin #5 (Ph-2)
DATE: 09.30.14 BY: RMB Phase 1 controls Basin #5 Design
[REVISED: 11.05.14 RVW: PW
FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER NCDENR? I 1 |<— IF Yes, Type: 1
DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 42.1 ac Length(ft) Width(ft)
Disturbed area(DA) 42.1 ac Bottom 451 216
|[Rqd sediment storage (1800xDA) | 75708][cf Top 469 234
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLANj
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 255 118763 0
Bottom elevation of basin 255 msl 256 124341 121552
Sediment Storage elevation 258 msl 257 129979 248712
Spillway crest 258 msl 258 135678 381541
Top of Berm 262 msl 259 141437 520098
Emergency Spillway Elevation 260 msl 260 147256 664445
DESIGN FLOW (SEE HYDROGRAPHS) 261 153136 814641
10yr Computed flow from site, 'Q' = 252.52 cfs 262 X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 126.26 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 75708  cf
3.25 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 381541 cf OKAY
2.69 Dewatering Time (days) 2| Surface area required: 109846.2 sf
Suggest about 3 days 2.5 Surface area provided: 135678 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5
[§
[EPTLLWAY DESIGN (Note: Need 2 risers, therefore spit flow) [EMERGENCY SPILLWAY SIZE_(=QICh 5] |
( RISER SPILLWAY DESIGN |[TO0yr Flow from site, @100 = 402.08 |
Riser diameter: 72 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 83
Orifice Flow: 187.00 cfs Controlling: Orifice C 3 L= 28
Weir Flow: 330.38 cfs Controlling>Q10?  OKAY h 1|
|[Barrel diameter 60 in
|[Barrel slope (ft/ft) 0.025 ft/ft Flow through barrel 160 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 255 BARREL FLOW>Q10? OKAY
Barrel invert out 253.75 Velocity= 8.13 fps Il

CONCRETE ANCHOR SIZE

Length of exposed outlet pipe 10 ft Safety factor 1.2
|[Buoyancy = 17545 Ibs Anchor width 8 Jft
Required Volume of Anchor = 121.0 cf Anchor Length 8 |ft
Actual Volume of Anchor= 160 cf Anchor Thickness 2.5|ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691

DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #6 (Ph-1)

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE

ESTIMATED BASIN SIZE (RECTANGULAR)

Total drainage area (TDA) 15.3 ac Length(ft) Width(ft)
Disturbed area(DA) 15.3 ac Bottom 267 125
|[Rqd sediment storage (1800xDA) | 27522][cf Top 285 143
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 249 30723 0
Bottom elevation of basin 249 msl 250 34084 32404
Sediment Storage elevation 252 msl 251 37519 68205
Spillway crest 252 msl 252 41027 107478
Top of Berm 256 msl 253 44808 150396
Emergency Spillway Elevation 254 msl 254 48997 197298
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 255 52981 248287
|[20yr Computed flow from site, 'Q' = 93.6 cfs 256 X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 27522  cf
2.5 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 107478 cf OKAY
3.30 Dewatering Time (days) 2| Surface area required: 40716  sf
Suggest about 3 days 2.5 Surface area provided: 41027 sf OKAY
3
4
5|
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN [T0Oyr Flow from site, Q100=  147.78 |
Riser diameter: 60 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 49
Orifice Flow: 156.00 cfs Controlling: Orifice C=3.0 h=1 L= 16
Weir Flow: 275.32 cfs Controlling>Q10? OKAY
|[Barrel diameter 48 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 99 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 249 BARREL FLOW>Q10? OKAY
Barrel invert out 248.5 Velocity= 7.90 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 11517 Ibs Anchor width 7]t
Required Volume of Anchor = 79.4 cf Anchor Length 7 |t
Actual Volume of Anchor= 98 cf Anchor Thickness 2 |ft
OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691

09.30.14 BY:
11.05.14 RVW:

RMB
PW

DATE:
[REVISED:

Basin #7 (Ph-1)

Phase 2 controls Basin #7 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 16.4 ac Length(ft) Width(ft)
Disturbed area(DA) 12.5 ac Bottom 255 118
|[Rqd sediment storage (1800xDA) | 29466][cf Top 273 136
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 238 49034 0
Bottom elevation of basin 238 msl 239 52537 50786
Sediment Storage elevation 241 msl 240 56098 105103
Spillway crest 241 msl 241 59717 163011
Top of Berm 245 msl 242 63393 224566
Emergency Spillway Elevation 243 msl 243 67128 289826
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 244 70920 358850
|[20yr Computed flow from site, 'Q' = 85.59 cfs 245 X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 29466  cf
2.75 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 163011 cf OKAY
2.92 Dewatering Time (days) 2| Surface area required: 37231.65 sf
Suggest about 3 days 2.5 Surface area provided: 59717 sf OKAY
3
4
5|
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN [T0Oyr Flow from site, Q100= 14424 |
Riser diameter: 60 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 45
Orifice Flow: 156.00 cfs Controlling: Orifice C=3.0 h=1 L= 15
Weir Flow: 275.32 cfs Controlling>Q10? OKAY
|[Barrel diameter 48 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 99 cfs

[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 238 BARREL FLOW>Q10? OKAY

Barrel invert out 237.5 Velocity= 7.90 fps I

CONCRETE ANCHOR SIZE

Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 11517 Ibs Anchor width 7.5]ft

Required Volume of Anchor = 79.4 cf Anchor Length 7.5 |ft

Actual Volume of Anchor= 112.5 cf Anchor Thickness 2 |ft

OKAY




SEDIMENT BASIN CALCULATIONS
CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #7 (Ph-2)

Phase 2 controls Basin #7 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 33.1 ac Length(ft) Width(ft)
Disturbed area(DA) 29.3 ac Bottom 324 153
|[Rqd sediment storage (1800xDA) | 59598][cf Top 342 171
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 238 49034 0
Bottom elevation of basin 238 msl 239 52537 50786
Sediment Storage elevation 241 msl 240 56098 105103
Spillway crest 241 msl 241 59717 163011
Top of Berm 245 msl 242 63393 224566
Emergency Spillway Elevation 243 msl 243 67128 289826
DESIGN FLOW _ (SEE HYDROGRAPHS) 244 70920 358850
10yr Computed flow from site, 'Q' = 134.71 cfs 245 X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 67.355 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
4 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 59598  cf
2.75 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 163011 cf OKAY
2.96 Dewatering Time (days) 2| Surface area required: 58598.85 sf
Suggest about 3 days 2.5 Surface area provided: 59717 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5|
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
I RISER SPILLWAY DESIGN J[T00yr Flow from site, Q100=  230.4 |
Riser diameter: 54 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 71
Orifice Flow: 140.00 cfs Controlling: Orifice C 3 L= 24
Weir Flow: 247.79 cfs Controlling>Q10? OKAY h 1
|[Barrel diameter 42 in
|[Barrel slope (ft/ft) 0.01 ft/ft Flow through barrel 80 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 238 BARREL FLOW>Q10? OKAY
Barrel invert out 237.5 Velocity= 8.31 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 8981 Ibs Anchor width 7]t
Required Volume of Anchor = 61.9 cf Anchor Length 7 |t
Actual Volume of Anchor= 85.75 cf Anchor Thickness 1.75|ft

OKAY




SEDIMENT BASIN CALCULATIONS

CHARAH - SANFORD

HDR PROJECT NO.:|235691

DATE: 09.30.14 BY:

RMB

[REVISED: 11.05.14 RVW:

PW

Basin #8 (Ph-1)

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE

ESTIMATED BASIN SIZE (RECTANGULAR)

Total drainage area (TDA) 11.8 ac Length(ft) Width(ft)
Disturbed area(DA) 11.8 ac Bottom 231 106
|[Rqd sediment storage (1800xDA) | 21150][cf Top 249 124
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 1 ft 273 5639 0
Bottom elevation of basin 273 msl 274 18291 11965
Sediment Storage elevation 276 msl 275 28277 35249
Spillway crest 276 msl 276 38333 68554
Top of Berm 279 msl 277 47710 111576
Emergency Spillway Elevation 277 msl 278 59010 164936
|[DESIGN FLOW _ (SEE HYDROGRAPHS) 279 69292 229087
|[20yr Computed flow from site, 'Q' = 71.25 cfs X X #VALUE!
X X #VALUE!
Il FAIRCLOTH SKIMMER DESIGN TABLE I X X #VALUE!
3 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.25 Head on Skimmer (feet) (Inches) Sediment storage required: 21150 cf
2.5 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 68554 cf OKAY
2.93 Dewatering Time (days) 2| Surface area required: 30993.75 sf
Suggest about 3 days 2.5 Surface area provided: 38333 sf OKAY
3
4
5|
[§
[SPILLWAY DESIGN [EMERGENCY SPILLWAY SIZE__(L=Q/(C*h~1.5))
I RISER SPILLWAY DESIGN [T0O0yr Flow from site, Q100= 11517 |
Riser diameter: 60 in Flow Depth: 1ft Q100 Flow - Flow through Barrel = 27
Orifice Flow: 53.00 cfs Controlling: Orifice C=3.0 h=1 L= 9
Weir Flow: 97.34 cfs Controlling>Q10? OKAY
|[Barrel diameter 48 in
|[Barrel slope (ft/ft) 0.02 ft/ft Flow through barrel 88 cfs
[Barrel length(ft) 50 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 273 BARREL FLOW>Q10? OKAY
Barrel invert out 272 Velocity= 6.99 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 11517 Ibs Anchor width 7.5]ft
Required Volume of Anchor = 79.4 cf Anchor Length 7.5 |ft
Actual Volume of Anchor= 112.5 cf Anchor Thickness 2 |ft

OKAY




SEDIMENT BASIN CALCULATIONS

CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Basin #9 (Ph-1)

Phase 2 controls Basin #9 Design

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE

ESTIMATED BASIN SIZE (RECTANGULAR)

Total drainage area (TDA) 62.8 ac Length(ft) Width(ft)
Disturbed area(DA) 46.7 ac Bottom 338 160
|[Rqd sediment storage (1800xDA) | 112950]|cf Top 356 178
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 262 88670 0
Bottom elevation of basin 262 msl 263 92409 90540
Sediment Storage elevation 265 msl 264 96226 184857
Spillway crest 265 msl 265 100091 283016
Top of Berm 269 msl 266 103992 385057
Emergency Spillway Elevation 267 msl 267 107938 491022
DESIGN FLOW _ (SEE HYDROGRAPHS) 268 111933 600958
10yr Computed flow from site, 'Q' = 145.7 cfs X X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 72.85 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
5 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 112950 cf
4.25 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 283016 cf OKAY
2.35 Dewatering Time (days) 2| Surface area required: 63379.5 sf
Suggest about 3 days 2.5 Surface area provided: 100091 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5|
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
I RISER SPILLWAY DESIGN yr Flow from site, = .
Riser diameter: 54 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 131
Orifice Flow: 140.00 cfs Controlling: Orifice C=3.0 h=1 L= 44
Weir Flow: 247.79 cfs Controlling>Q10? OKAY
|[Barrel diameter 42 in
|[Barrel slope (ft/ft) 0.0125 ft/ft Flow through barrel 75 cfs
[Barrel length(ft) 100 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 262 BARREL FLOW>Q10? OKAY
Barrel invert out 260.75 Velocity= 7.75 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
[Buoyancy = 8981 Ibs Anchor width 7.5]ft
Required Volume of Anchor = 61.9 cf Anchor Length 7.5 |ft
Actual Volume of Anchor= 84.375 cf Anchor Thickness 1.5|ft

OKAY




SEDIMENT BASIN CALCULATIONS

CHARAH - SANFORD

HDR PROJECT NO.:|235691
DATE: 09.30.14 BY: RMB
[REVISED: 11.05.14 RVW: PW

Phase 2 controls Basin #9 Design

Basin #9 (Ph-2)

FAIRCLOTH SKIMMER TYPE BASIN DESIGN WITH RISER

NCDENR? I 1 |<— IF Yes, Type: 1

DRAINAGE AREAS/REQ'D STORAGE ESTIMATED BASIN SIZE (RECTANGULAR)
Total drainage area (TDA) 85.9 ac Length(ft) Width(ft)
Disturbed area(DA) 65.9 ac Bottom 399 190
|[Rqd sediment storage (1800xDA) | 154656]|cf Top 417 208
BASIN CONFIGURATION PLANNED BASIN SIZE (REFER TO EROSION CONTROL PLAN)|
Proposed sediment depth 3 ft Elev. Area (SF) Cumulative Volume (CF)
Depth of flow over spillway 2 ft 262 88670 0
Bottom elevation of basin 262 msl 263 92409 90540
Sediment Storage elevation 265 msl 264 96226 184857
Spillway crest 265 msl 265 100091 283016
Top of Berm 269 msl 266 103992 385057
Emergency Spillway Elevation 267 msl 267 107938 491022
DESIGN FLOW _ (SEE HYDROGRAPHS) 268 111933 600958
10yr Computed flow from site, 'Q' = 199.5 cfs X X #VALUE!
1/2 10yr Computed flow from site, 'Q' = 99.75 cfs X X #VALUE!
X X #VALUE!
FAIRCLOTH SKIMMER DESIGN TABLE
5 Skimmer Size (inches) Skimmer Size BASIN EFFICIENCY
0.333 Head on Skimmer (feet) (Inches) Sediment storage required: 154656 cf
4.25 Orifice Size (1/4 inch increments) 1.5 Sediment storage provided: 283016 cf OKAY
3.21 Dewatering Time (days) 2| Surface area required: 86782.5 sf
Suggest about 3 days 2.5 Surface area provided: 100091 sf OKAY
3
Note: Divided Sediment Storage by 2 (one skimmer/riser) 4
5|
[§
[SPICLWAY DESIGN (Note: Need 2 risers, therefore spiit flow) [EMERGENCY SPILLWAY SIZE_(L=Q/(C*h"1.5))
I RISER SPILLWAY DESIGN yr Flow from site, = .
Riser diameter: 72 in Flow Depth: 2 ft Q100 Flow - Flow through Barrel = 150
Orifice Flow: 187.00 cfs Controlling: Orifice C=3.0 h=1 L= 50
Weir Flow: 330.38 cfs Controlling>Q10? OKAY
|[Barrel diameter 54 in
|[Barrel slope (ft/ft) 0.0125 ft/ft Flow through barrel 117 cfs
[Barrel length(ft) 100 ft (Note: Flow determined using outlet control and pipe 80% full)
|[Barrel invert in 262 BARREL FLOW>Q10? OKAY
Barrel invert out 260.75 Velocity= 7.37 fps I
CONCRETE ANCHOR SIZE
Length of exposed outlet pipe 10 ft Safety factor 1.2
([Buoyancy = 15217 Ibs Anchor width 8 Jft
Required Volume of Anchor = 104.9 cf Anchor Length 8 |ft
Actual Volume of Anchor= 128 cf Anchor Thickness 2 |ft
OKAY




Precipitation Frequency Data Server

NOAA Atlas 14, Volume 2, Version 3
Location name: Sanford, North Carolina, US*
Latitude: 35.5361°, Longitude: -79.1459°
Elevation: 297 ft*

* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PFE tabular | PE_graphical | Maps & aerials

Page 1 of 3

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)’
Durati | Average recurrence interval (years)
uration
2 5 10 25 50 100 200 500 1000
5-min 0.425 0.503 0.583 0.641 0.707 0.751 0.793 0.829 0.870 0.900
(0.388-0.468)||(0.459-0.553)||(0.532-0.642)|[(0.583-0.704)|[(0.640-0.776)[|(0.678-0.824)||(0.711-0.869)||(0.740-0.909)||(0.769-0.953)||(0.790-0.987)
10-min 0.680 0.804 0.934 1.03 1.13 1.20 1.26 1.31 1.38 1.42
(0.620-0.747)||(0.733-0.885)|| (0.852-1.03) |[ (0.933-1.13) |[ (1.02-1.24) || (1.08-1.31) || (1.13-1.38) || (1.17-1.44) || (1.22-1.51) || (1.24-1.56)
15-min 0.849 1.01 1.18 1.30 1.43 1.52 1.59 1.66 1.73 1.78
(0.775-0.934)|| (0.922-1.11) || (1.08-1.30) |[ (1.18-1.42) |[ (1.29-1.57) || (1.37-1.66) || (1.43-1.75) || (1.48-1.82) || (1.53-1.90) || (1.56-1.95)
30-min 117 1.40 1.68 1.88 212 2.28 2.44 2.58 2.76 2.88
(1.06-1.28) || (1.27-1.54) || (1.53-1.85) || (1.71-2.06) || (1.91-2.32) || (2.06-2.50) || (2.19-2.67) || (2.30-2.83) || (2.44-3.02) || (2.53-3.16)
60-min 1.45 1.75 2.15 2.45 2.82 3.09 3.36 3.62 3.95 4.20
(1.33-1.60) || (1.60-1.93) || (1.96-2.37) || (2.23-2.69) || (2.55-3.09) || (2.79-3.39) || (3.01-3.68) || (3.23-3.97) || (3.50-4.33) || (3.69-4.61)
2-hr 1.7 2.07 2.58 2.96 3.45 3.83 4.20 4.58 5.06 5.44
(1.55-1.90) || (1.88-2.30) || (2.34-2.87) || (2.67-3.28) || (3.10-3.82) || (3.42-4.24) || (3.73-4.65) || (4.03-5.06) | (4.42-5.60) || (4.71-6.02)
3-hr 1.82 2.20 2.75 3.18 3.74 4.19 4.64 5.11 5.74 6.24
(1.65-2.02) || (2.00-2.45) || (2.50-3.05) || (2.87-3.52) || (3.36-4.14) || (3.74-4.63) || (4.11-5.13) || (4.49-5.64) || (4.99-6.35) || (5.36-6.90)
6-hr 2.17 2.63 3.29 3.81 4.51 5.07 5.64 6.23 7.05 7.70
(1.99-2.40) || (2.40-2.90) || (3.00-3.63) || (3.46-4.19) || (4.07-4.95) || (4.54-5.56) || (5.01-6.18) || (5.48-6.83) || (6.12-7.72) || (6.60-8.44)
12-hr 2.57 3.1 3.91 4.56 5.44 6.16 6.90 7.69 8.80 9.69
(2.35-2.84) || (2.84-3.44) || (3.56-4.32) || (4.13-5.02) || (4.89-5.98) || (5.49-6.75) || (6.10-7.56) || (6.72-8.41) | (7.56-9.62) || (8.21-10.6)
24-hr 3.00 3.62 4.55 5.28 6.28 7.07 7.88 8.72 9.88 10.8
(2.80-3.22) || (3.38-3.89) || (4.24-4.89) || (4.91-5.67) || (5.82-6.75) || (6.54-7.59) || (7.27-8.46) || (8.03-9.37) || (9.05-10.6) || (9.85-11.6)
2-da 3.49 4.20 5.25 6.07 7.18 8.06 8.97 9.90 1.2 12.2
y (3.25-3.75) || (3.92-4.52) || (4.88-5.64) || (5.64-6.52) || (6.65-7.71) || (7.45-8.66) || (8.26-9.63) || (9.09-10.6) || (10.2-12.0) || (11.1-13.1)
3-da 3.70 4.45 5.52 6.36 7.52 8.44 9.37 10.3 1.7 12.7
y (3.44-3.96) || (4.15-4.77) || (5.14-5.92) || (5.91-6.82) || (6.96-8.06) || (7.78-9.04) || (8.63-10.0) || (9.49-11.1) || (10.7-12.5) || (11.6-13.7)
4-da 3.90 4.69 5.79 6.66 7.86 8.81 9.78 10.8 12.2 13.2
y (3.64-4.18) || (4.37-5.02) || (5.39-6.19) || (6.19-7.12) || (7.27-8.41) || (8.12-9.42) || (8.99-10.5) || (9.89-11.6) || (11.1-13.0) || (12.0-14.2)
7-da 4.49 5.36 6.54 7.47 8.76 9.78 10.8 11.9 134 14.5
y (4.20-4.80) || (5.02-5.74) || (6.11-6.99) || (6.97-7.99) || (8.15-9.35) || (9.07-10.4) || (10.0-11.6) || (11.0-12.7) || (12.3-14.3) || (13.3-15.6)
10-da 5.12 6.10 7.34 8.31 9.62 10.6 1.7 12.7 14.2 15.3
y (4.82-5.46) || (5.73-6.50) || (6.89-7.81) || (7.79-8.85) || (8.99-10.2) || (9.92-11.3) || (10.9-12.4) || (11.8-13.6) || (13.1-15.1) || (14.1-16.3)
20-da 6.89 8.14 9.62 10.8 124 13.6 14.8 16.1 17.8 19.1
y (6.49-7.33) || (7.66-8.64) || (9.04-10.2) || (10.1-11.4) || (11.6-13.1) || (12.7-14.4) || (13.8-15.8) || (14.9-17.1) || (16.5-19.0) || (17.6-20.4)
30-da 8.57 10.1 1.7 13.0 14.7 16.0 17.3 18.5 20.3 21.6
y (8.09-9.09) || (9.50-10.7) || (11.1-12.5) || (12.2-13.8) || (13.8-15.6) || (15.0-17.0) || (16.2-18.4) || (17.3-19.7) || (18.8-21.6) || (20.0-23.0)
45-da 10.9 12.8 14.6 16.0 17.9 19.3 20.6 22.0 23.7 251
y (10.4-11.5) || (12.1-13.5) || (13.9-15.4) || (15.2-16.9) || (16.9-18.9) || (18.2-20.3) || (19.4-21.8) || (20.6-23.2) || (22.2-25.1) || (23.4-26.5)
60-da 13.0 15.2 17.2 18.8 20.8 223 23.7 251 26.9 28.3
y (12.4-13.7) || (14.5-16.0) || (16.3-18.1) || (17.8-19.8) || (19.7-21.9) || (21.1-23.5) || (22.4-25.0) || (23.7-26.5) || (25.3-28.5) || (26.6-30.0)
" Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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US Department of Commerce
National Oceanic and Atmospheric Administration
National Weather Service
Office of Hydrologic Development
1325 East West Highway
Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.gov

Disclaimer

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds printpage.html?lat=35.5361&lon=-79.1459&data

9/16/2014



Chapter 2 Estimating Runoff

Technical Release 55

Urban Hydrology for Small Watersheds

Table 2-2a  Runoff curve numbers for urban areas
|

Curve numbers for

Cover description oo hydrologic soil group —-—-———-
Average percent
Cover type and hydrologic condition impervious area 2 A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, etc.) 3:
Poor condition (grass cover < 50%) ......cc.ceovevevenenenenenenenne 68 79 86 89
Fair condition (grass cover 50% to 75%) .....cccevververererereenne 49 69 79 84
Good condition (grass COVEr > 75%) ......cccvverererererreereeeeruennas 39 61 74 80
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-Of-Way) .......cccceeveerierirrierieieienesesese e 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding
TIGNE-OT-WAY) .evieiiiiiiiccc e 98 98 98 98
Paved; open ditches (including right-of-way) .........cccceceeenene. 83 89 92 93
Gravel (including right-0f-Way) ........ccccceevevienenenereneneeeeienan 76 85 89 91
Dirt (including right-of-Way) ........ccccevvevirvievienenenenereseeeeeenen 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) 4 ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch
and basin DOTAEIS) .......ccuecveierierierenirieeeeeeeeeere e 96 96 96 96
Urban districts:
Commercial and DUSINESS .........ccceevieiierieeiicieee e 85 89 92 94 95
INAUSETIAL ..o 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (tOWN hOoUSES) .......coccverereriniiniiiecceeeeeee 65 77 85 90 92
1/4°aCT€ oo 38 61 75 83 87
1/3 acre ... 30 57 72 81 86
1/2 QCTE e 25 54 70 80 85
T ACTE ettt 20 51 68 79 84
2 ACTES ottt 12 46 65 77 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) 77 86 91 94

Idle lands (CN'’s are determined using cover types
similar to those in table 2-2¢).

1 Average runoff condition, and I, = 0.2S.

2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are
directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space

cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage

(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4

based on the degree of development (impervious area percentage) and the CN’s for the newly graded pervious areas.

(210-VI-TR-565, Second Ed., June 1986)
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Figure 4.5-2 Design of Riprap Apron under Minimum Tailwater Conditions

(Source: USDA, SCS, 1975)

4.5-6 Georgia Stormwater Management Manual Volume 2 (Technical Handbook)
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Preface

Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soll
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272

(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

Lee County, North Carolina (NC105)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Ch Chewacla silt loam, 0 to 2 144.6 13.2%
percent slopes, frequently
flooded

CrB Creedmoor fine sandy loam, 2 to 101.3 9.3%
8 percent slopes

CrD Creedmoor fine sandy loam, 8 to 245 2.2%
15 percent slopes

MfB Mayodan fine sandy loam, 2 to 8 344.6 31.6%
percent slopes

MfD Mayodan fine sandy loam, 8 to 205.8 18.9%
15 percent slopes

MfE Mayodan fine sandy loam, 15 to 50.6 4.6%
25 percent slopes

PfB Pinkston silt loam, 2 to 8 percent 17.6 1.6%
slopes

PfD Pinkston silt loam, 8 to 15 76.9 7.0%
percent slopes

PfF Pinkston silt loam, 15 to 40 104.9 9.6%
percent slopes

ToB Tillery fine sandy loam, 1 to 4 14.5 1.3%
percent slopes, rarely flooded

ud Udorthents, loamy 4.4 0.4%

w Water 1.9 0.2%

Totals for Area of Interest 1,091.4 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
maijor kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

10
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Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be

11



Custom Soil Resource Report

made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

12
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Lee County, North Carolina

Ch—Chewacla silt loam, 0 to 2 percent slopes, frequently flooded

Map Unit Setting
National map unit symbol: 2mz3q
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Prime farmland if drained and either protected from flooding
or not frequently flooded during the growing season

Map Unit Composition
Chewacla and similar soils: 87 percent
Minor components: 13 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Chewacla

Setting
Landform: Flood plains
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Loamy alluvium derived from igneous and metamorphic rock

Typical profile
A -0 to 4 inches: siltloam
Bw1 - 4 to 26 inches: silty clay loam
Bwz2 - 26 to 38 inches: loam
Bw3 - 38 to 60 inches: clay loam
C - 60 to 80 inches: loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: About 6 to 24 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: High (about 11.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D

Minor Components

Congaree
Percent of map unit: 8 percent
Landform: Flood plains
Down-slope shape: Linear
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Custom Soil Resource Report

Across-slope shape: Linear

Wehadkee, undrained
Percent of map unit: 5 percent
Landform: Depressions on flood plains
Down-slope shape: Concave
Across-slope shape: Linear

CrB—Creedmoor fine sandy loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 3t5w
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Creedmoor and similar soils: 90 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Creedmoor

Setting

Landform: Interfluves

Landform position (two-dimensional): Summit

Landform position (three-dimensional): Interfluve

Down-slope shape: Convex

Across-slope shape: Convex

Parent material: Residuum weathered from shale and siltstone and/or mudstone
and/or sandstone

Typical profile
Ap - 0 to 14 inches: fine sandy loam
Bt1 - 14 to 29 inches: silty clay loam
Bt2 - 29 to 56 inches: silty clay
BCg - 56 to 72 inches: loam
Cr-72to 96 inches: weathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 72 to 100 inches to paralithic bedrock
Natural drainage class: Moderately well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: About 18 to 24 inches
Frequency of flooding: None
Frequency of ponding: None

14



Custom Soil Resource Report

Sodium adsorption ratio, maximum in profile: 13.0
Available water storage in profile: Moderate (about 8.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D

Minor Components

Mayodan
Percent of map unit: 8 percent
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex

CrD—Creedmoor fine sandy loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 3t5x
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Creedmoor and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Creedmoor

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from shale and siltstone and/or mudstone
and/or sandstone

Typical profile
Ap - 0 to 14 inches: fine sandy loam
Bt1 - 14 to 29 inches: silty clay loam
Bt2 - 29 to 56 inches: silty clay
BCg - 56 to 72 inches: loam
Cr-72to 96 inches: weathered bedrock
R - 96 to 100 inches: unweathered bedrock
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Custom Soil Resource Report

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 72 to 100 inches to paralithic bedrock
Natural drainage class: Moderately well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: About 18 to 24 inches
Frequency of flooding: None
Frequency of ponding: None
Sodium adsorption ratio, maximum in profile: 13.0
Available water storage in profile: Moderate (about 8.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C/D

MfB—Mayodan fine sandy loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 3t64
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Mayodan and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mayodan

Setting

Landform: Interfluves

Landform position (two-dimensional): Summit

Landform position (three-dimensional): Interfluve

Down-slope shape: Convex

Across-slope shape: Convex

Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
Ap - 0 to 6 inches: fine sandy loam
BE - 6 to 9 inches: sandy clay loam
Bt - 9 to 33 inches: clay
BC - 33 to 40 inches: sandy clay loam
C - 40 to 80 inches: sandy clay loam

Properties and qualities
Slope: 2 to 8 percent
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Custom Soil Resource Report

Depth to restrictive feature: More than 80 inches

Natural drainage class: Well drained

Runoff class: Medium

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Sodium adsorption ratio, maximum in profile: 7.0

Available water storage in profile: High (about 9.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B

MfD—Mayodan fine sandy loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 3t65
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Mayodan and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mayodan

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
Ap - 0 to 6 inches: fine sandy loam
BE - 6 to 9 inches: sandy clay loam
Bt - 9 to 33 inches: clay
BC - 33 to 40 inches: sandy clay loam
C - 40 to 80 inches: sandy clay loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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Custom Soil Resource Report

Runoff class: Medium

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Sodium adsorption ratio, maximum in profile: 7.0

Available water storage in profile: High (about 9.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B

MfE—Mayodan fine sandy loam, 15 to 25 percent slopes

Map Unit Setting
National map unit symbol: 3t66
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Mayodan and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Mayodan

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
Ap - 0 to 6 inches: fine sandy loam
BE - 6 to 9 inches: sandy clay loam
Bt - 9 to 33 inches: clay
BC - 33 to 40 inches: sandy clay loam
C - 40 to 80 inches: sandy clay loam

Properties and qualities
Slope: 15 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: High
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Custom Soil Resource Report

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Sodium adsorption ratio, maximum in profile: 7.0

Available water storage in profile: High (about 9.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B

PfB—Pinkston silt loam, 2 to 8 percent slopes

Map Unit Setting
National map unit symbol: 3t6c
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Pinkston and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pinkston

Setting

Landform: Interfluves

Landform position (two-dimensional): Summit

Landform position (three-dimensional): Interfluve

Down-slope shape: Convex

Across-slope shape: Convex

Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
A - 0 to 6 inches: silt loam
Bw - 6 to 16 inches: silt loam
C - 16 to 38 inches: silt loam
R - 38 to 80 inches: unweathered bedrock

Properties and qualities
Slope: 2 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
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Custom Soil Resource Report

Frequency of flooding: None

Frequency of ponding: None

Sodium adsorption ratio, maximum in profile: 13.0
Available water storage in profile: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C

PfD—Pinkston silt loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 3t6d
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Pinkston and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pinkston

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
A - 0 to 6 inches: silt loam
Bw - 6 to 16 inches: silt loam
C - 16 to 38 inches: silt loam
R - 38 to 80 inches: unweathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Sodium adsorption ratio, maximum in profile: 13.0

20



Custom Soil Resource Report

Available water storage in profile: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C

PfF—Pinkston silt loam, 15 to 40 percent slopes

Map Unit Setting
National map unit symbol: 3t6f
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Pinkston and similar soils: 80 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pinkston

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Residuum weathered from mudstone and/or shale and siltstone
and/or sandstone

Typical profile
A - 0 to 6 inches: silt loam
Bw - 6 to 16 inches: silt loam
C - 16 to 38 inches: silt loam
R - 38 to 80 inches: unweathered bedrock

Properties and qualities
Slope: 15 to 40 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Sodium adsorption ratio, maximum in profile: 13.0
Available water storage in profile: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
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Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C

ToB—Tillery fine sandy loam, 1 to 4 percent slopes, rarely flooded

Map Unit Setting
National map unit symbol: 2ml49
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 59 to 66 degrees F
Frost-free period: 200 to 240 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Tillery and similar soils: 90 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tillery

Setting
Landform: Stream terraces
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium derived from igneous and metamorphic rock

Typical profile
Ap - 0 to 7 inches: fine sandy loam
Bt - 7 to 48 inches: silty clay loam
Cg - 48 to 80 inches: silt loam

Properties and qualities
Slope: 1 to 4 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.57 to 1.98 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
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Ud—Udorthents, loamy

Map Unit Setting
National map unit symbol: 3t6p
Elevation: 200 to 1,400 feet
Mean annual precipitation: 37 to 60 inches
Mean annual air temperature: 50 to 66 degrees F
Frost-free period: 145 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Udorthents, loamy, and similar soils: 85 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Udorthents, Loamy

Setting
Landform: Hillslopes on ridges
Landform position (two-dimensional): Shoulder, summit, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Loamy and clayey human transported material derived from
igneous, metamorphic and sedimentary rock

Typical profile
C - 0 to 80 inches: sandy clay loam

Properties and qualities
Slope: 0 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Very low to high (0.00
to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 8.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C

Minor Components

Urban land
Percent of map unit: 8 percent
Landform: Hillslopes on ridges
Landform position (two-dimensional): Summit, shoulder, backslope
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Custom Soil Resource Report

Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex

W—Water

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Water

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8w
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HDR Computation

|Project Colon Mine Site Structural Fill
|Subject Permit Application

Task Earthwork Calculations

Objective:

g
|Computed ‘SY~  Date
Date ~
Of

Determine the structural fill capacity and soil requirements

Inputs/Assumptions:
Overbuild

Calculations:
Area of Structural Fill Footprint

rint (to

use in calculations
Capacity (from basegrade to top of CCP):
Capacity (from basegrade to top of CCP - to
use in calculations) :

mate Disturbed Area
mate

Base Liner System
Base Liner System Thickness
Base Liner System Volume

Available Airspace Capacity for Ash
Placement :

Earthwork
Cut to to

Cut to get to basegrades
use in calculations

Fi to to
Fill to get to basegrades
use in rades

Soil Remaining basegrade

Cap Area

Top of Structural Fill Area - North Side:
Top of Structural Fill Area - South Side:
Top of Structural Fill Area :

Side Slopes of Structural Fill Area ;

0.1 ft (assumed overbuild for all soil layers)
12 in per ft

43,560 sf per acre
27 cf per cy

5,155,867 sf (source: AutoCAD from PAW on Nov. 5, 2014 -
measured from the construction baseline)

118 acres

7,356,391 cy rce: AutoCAD from JEG on Oct. 23, 2014)

7,356,000 cy

6 096 sf source: AutoCAD from JEG on Oct. 23, 2014)
138 acres

18 in
305,000 cy

7,051,000 cy

1,781,466  (Source: AutoCAD from JEG on Oct. 23, 2014)

1781
(Source: AutoCAD from JEG on Oct. 23, 2014)

1,543,000

(Disregards additional area due to slope factor)
2,952,700 sf (source: AutoCAD from JEG on Oct. 23, 2014)

439,609 sf (source: AutoCAD from JEG on Oct. 23, 2014)
78 acres
40 acres



HDR Computation

IProiect Colon Mine Site Structural Fill |Computed ST): |Date /1 / éD/ /L/

|Subject Permit Application Checked
Task Earthwork Calculations |Sheet 2 of

Cap System: Soil and Geomembrane (no Geocomposite Drainage Layer)
See drawings for soil permeability requirements

Topsoil Thickness : 6 in
Topsoil Area : 118 acres
Topsoil Volume : 114,000 cy
Low Permeable Soil Thickness 12 in
Low Permeable Soil Area 118 acres
Low Permeable Soil Volume 209,000 cy
Top Unclassified Soil Thickness 24 in
Top Unclassified Soil Area 78 acres
Top Unclassified Soil Volume 264,000 cy
Side Slope Unclassified Soil Thickness : 12 in
Side Slope Unclassified Soil Area : 40 acres
Side Slope Unclassified Soil Volume : 71,000 cy
Top Drainage Soil Layer Thickness : 30 in
Top Drainage Soil Layer Area : 78 acres
Top Drainage Soil Layer Volume : 327,000 cy
Side Slope Drainage Soil Layer Thickness : 18 in
Side Slope Drainage Soil Layer Area : 40 acres
Side Slope Drainage Soil Layer Volume : 103,000 cy
Total Soil red for Base Liner 000
Remain  Soil for with soil and brane (no geocomposite drainage layer)
Soil after Com Assumes soils located onsite are appropriate for
of Structural Fill : 138 all soil components of the base liner and cap

system.

Cap System: Soil, Geocomposite Drainage Layer, and Geomembrane
See drawings for soil permeability requirements

Topsoil Thickness : 6 in
Topsoil Area : 118 acres

Topsoil Volume : 114,000 cy

Top Unclassified Soil Thickness : 66 in
Top Unclassified Soil Area : 78 acres

Top Unclassified Soil Volume : 705,000 cy

Side Slope Unclassified Soil Thickness 42 in
Side Slope Unclassified Soil Area 40 acres

Side Slope Unclassified Soil Volume 232,000 cy



HDR Computation

|Project Colon Mine Site Structural Fill
|Subject Permit Application

|Task Earthwork Calculations

Total Soil uired for Base Liner m:
Remaini Soil for with
ng Completion

of Structural Fill :

'S .
|Computed S?/ Date |( (= o
Date +/

of

1.1 million

000
drainage layer, and geomembrane
soils located onsite are appropriate for
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Top Area for North side (Bigger unit) ~ 2,952,699.74 = 67.78 Ac.

Top Area for South side (Smaller unit) — 439,609.46 = 10.09 Ac.

John Gaul

Civil Design Technician

HDR
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November 11, 2014

Mr, Norman Divers
Senior Engineer
12601 Plantside Drive
Louisville, KY 40299

RE: Colon Mine Site Structural Fill
Financial Assurance Estimate
HDR Project No. 235691

Dear Mr. Divers,

North Carolina General Statute (NCGS) §130A-309.217 (a) requires that a financial assurance be
established to ensure sufficient funds are available for a structural fill for facility closure, post-
closure care, corrective action, and to satisfy any potential liability for sudden and non-sudden
accidental occurrences. The purpose of this letter is to provide an estimate of the expenses to meet
the financial assurance requirements in NCGS §130A-309.217.

Closure

The cost for closure is provided per acre in the Closure and Post-Closure Plan in the permit
application for the Colon Mine Site Structural Fiil. There are two different types of final cover caps
that can be built over the Colon Mine Site Structurai Fill. In addition, the final cover cap thickness
varies based on the location of the cap; whether on top of the structural fill or on the side slope of
the structural fill. The highest final cover cap estimate in the Ciosure and Post-Closure Pian is
$171,300 per acre (for a cap with a geocomposite on the top of the structural fill} and the largest
area requiring closure at any time to be 45 acres. Therefore approximately $7,708,500 needs to be
set aside in order to cover the closure costs for the largest area requiring closure at any time at the
Colon Mine Site Structural Fill.

Post-Closure Care
The cost for post-closure care is provided in the Closure and Post-Closure Plan in the permit
application for the Colon Mine Site Structural Fill. The Closure and Post-Closure Plan estimates a

post-closure care cost of $2,916,000.

Corrective Action

The Corrective Action costs assume a one time release, which includes assessment monitoring, an
assessment of corrective measure report/selection of a remedy, and implementation of corrective
action. It is assumed that corrective action occurs in post-closure and that monitored natural
attenuation would be the selected remedy. The total cost for corrective action is estimated to be
approximately $1,383,400. The North Carolina Department of Environment and Natural Resources

440 S Church Street, Suites 800 & 1000, Chariotte, NC 28202-2075
(704) 338-6700
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Financial Assurance Estimate November 2014

Estimated Corrective Measure Costs For the Colon Mine
Site Structural Fill

Colon Mine Site Structural Fill $ 1,383,422

Detection Monitoring (15A NCAC 13B .1633) 2014
( Not included in Financial Assurance) S -
Assessment Monitoring (15A NCAC 13B .1634)

Planning S 25,000
Drilling S 13,950
Drilling Report S 4,000
Sampling S 37,988
Sampling Report S 40,000

Assessment of Corrective Measure Report/ Selection of Remedy (15A NCAC
13B .1635 and .1636)

Report S 60,000
Implementation of Corrective Action (15A NCAC 13B .1637) (assumed remedy is
MNA)

Corrective Action Sampling S 562,484

Report S 520,000

MNA Report S 120,000

Assumptions:
1. Assumes Corrective Actions begin in 2021, the beginning of the post-closure care period.
2. Assumes Corrective Actions end in 2050, the end of the post-closure care period.

Colon Summary Sheet
Page 1 of 1 Printed 11/11/2014 at 3:34 PM
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Financial Assurance Estimate November 2014

ACM Report/Selection of Remedy Costs

Total Sampling Report Cost S 60,000

ACM Report
Page 1 of 1 Printed 11/11/2014 at 3:34 PM
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