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From: Warren.Paschal@generalshale.com [mailto:Warren.Paschal@generalshale.com]
Sent: Monday, December 22, 2014 1:47 PM 
To: Wehner, Judy (judy.wehner@ncdenr.gov)
Cc: Greg.Bowles@generalshale.com; Norman Divers 
Subject: Colon Mine 

Judy, 

We have cleaned up all the materials around the old Sanford shop as we discussed except the Terex 
dump truck and the sand silo. I have attached pictures for your review. Please feel free to contact me 
should you need to schedule an inspection, have any questions or need additional information. 

Thanks, 
Warren Paschal 
Manager of Environmental Compliance 

General Shale | www.generalshale.com
300 Brick Plant Road 
Moncure, NC 27559 
Office: (919) 774-6533 (Ext. 221) Cell: (919) 353-1572 warren.paschal@generalshale.com
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I  Job No.  453925‐235691‐018 

HDR Computation

Project: Charah Colon Mine Computed By: TMY Date: 10/27/2014

Subject: Permit Application Checked By: KP Date: 10/29/2014

Task: Slope Stability Analyses Sheet: 1 Of: 3

Objective:

References:

Steps:

Compacted Clayey Fill:  γ = 125 pcf, ϕ = 28  ̊ , c = 1,800 psf

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 (γ) 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 (γ), friction angle (ϕ), and cohesion (c) for the ash 

are provided below:

Compacted Ash (Total Stress):  γ = 83.8 pcf, ϕ = 8  ̊ , c = 4,300 psf

Compacted Ash (Effective Stress):  γ = 83.8 pcf, ϕ = 22  ̊ , c = 2,600 psf

Residuum (Total Stress):  γ = 130 pcf, ϕ =0  ̊ , c = 1,045 psf

3.  Estimate foundation soil parameters for input into PCSTABL 5M.  Use Ref. 1 to correlate γ 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 qu where qu 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 (γ), friction angle (ϕ), and cohesion (c) for the foundation soils are provided below:

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 γ as shown below:

Soil Horizon (Total Stress):  γ = 120 pcf, ϕ =0  ̊ , c = 470 psf

Soil Horizon (Effective Stress):  γ = 120 pcf, ϕ = 31  ̊ , c = 0

Residuum (Effective Stress):  γ = 130 pcf, ϕ = 32  ̊ , c = 0 psf

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).

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

3. Van Aller, H.W. (1999 ‐ 2013).  STEDwin 2.88 (32 bit), The Smart Editor for PCSTABL 5M.  Annapolis Engineering Software.

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

4. Naval Facitities Engineering Command (1982).  Design Manual 7.02 ‐ Foundations and Earth Structures.

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.

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



I  Job No.  453925‐235691‐018 

HDR Computation

Project: Charah Colon Mine Computed By: TMY Date: 10/27/2014

Subject: Permit Application Checked By: KP Date: 10/29/2014

Task: Slope Stability Analyses Sheet: 2 Of: 3

Final Cover soils:  γ = 120 pcf, ϕ = 30  ̊ , c = 0 psf

Critical →

Results/Conclusions

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 ϕ value required for the interfaces to achieve an adequate factor of safety.  The last two plots show the minimum ϕ 

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 ϕ of 26  

̊be required.  This requirement should be confirmed by project specific interface shear strength testing.

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.

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.  

Textured HDPE/Saturated Reinforced GCL:  ϕ = 23  ̊ , c = 167 psf

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 I), 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.

Saturated Reinforced GCL/Saturated Cohesive Soil:  ϕ = 29  ̊ , c = 0

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:  ϕ = 33  ̊ , c = 0

Geocomposite/Textured HDPE Interface:  ϕ = 26  ̊ , c = 0

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:



I  Job No.  453925‐235691‐018 

HDR Computation

Project: Charah Colon Mine Computed By: TMY Date: 10/27/2014

Subject: Permit Application Checked By: KP Date: 10/29/2014

Task: Slope Stability Analyses Sheet: 3 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 ←Cri cal Analysis

Minimum ϕ Required for Static FS = 1.5 0  ̊

Minimum ϕ Required for Seismic FS = 1.0 0  ̊



This page intentionally left blank. 

























































































































This page intentionally left blank. 



Charah, Inc. | Colon Mine Site - Calculations

 

 

  

 

B 
Stormwater 

 
 

 Subcell Divider Berms 
Stormwater Pipe Perforations and Sizing 
Stormwater Management System 
Sediment Basins 

 

  

  



Charah, Inc. | Colon Mine Site - Calculations

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank. 

  



HDR Computation Job Number 453925-235691-018 No.

Project Charah Colon Mine Computed EAW Date 12/31/2014

Subject Permit Application Checked MDP Date 12/31/2014

Task Subcell Divider Berms Sheet 1 Of 1

Objective: Determine if the subcell berms are large enough to handle a 2-year, 24-hour storm event.

References:

1.  NC Erosion and Sediment Control Planning and Design Manual.

Given:
3.6 in, 2-year, 24-hour precipitation event (Raleigh, NC) Ref 1

Where: VR = Precipitation event volume (ft3) V = Volume of Pond (pyramid) (ft3)

A = Area (acres) h = Height of the berm (pyramid) (ft)

p = precipitation event (in) A= Area  of ponding (pyramid base) (ft2)

Case 1: Will Subcell Divider Berm handle precipitation into one subcell?

Subcell
Subcell 

Area (acres)

Required 
Volume 

(ft3)
Berm 

Height (ft)

ponding 
behind berm 

(sf)

Area of 
Ponding 
(acres)

Available 
 Volume 

(ft3)
Factor 

of Safety Check
1A 8.6 112,385 4 94,296 2.2 125,728 1.1 OK
1B 14.2 185,566 3 383,949 8.8 383,949 2.1 OK
2 15.3 199,940 5 203,207 4.7 338,678 1.7 OK

3A 8.6 112,385 7 166,645 3.8 388,838 3.5 OK
3B 10.6 138,521 8 89,500 2.1 238,667 1.7 OK
4A 8.7 113,692 8 53,449 1.2 142,531 1.3 OK
4B 9.5 124,146 8 139,070 3.2 370,853 3.0 OK
4C 6.4 83,635 5 111,427 2.6 185,712 2.2 OK
4D 7.3 95,396 7 64,806 1.5 151,214 1.6 OK
5A 8.6 112,385 6 96,540 2.2 193,080 1.7 OK
5B 10.2 133,294 8 110,178 2.5 293,808 2.2 OK
5C 10.7 139,828 11 72,321 1.7 265,177 1.9 OK

Case 2: Will downstream Subcell Divider Berm handle precipitation from upstream subcells?

Lower 
Subcell

Downstream 
 Subcell 
Available 

Volume (ft3)

Downstrea
m Subcell 
Required 
Volume 

(ft3)
Contributing 

 Subcells

Contributing 
Subcells 
Required 

Volume (ft3)

Total 
Required 
Volume 

(ft3)
Factor 

of Safety Check
1B 383,949 185,566 1A 112,385 297,950 1.3 OK
3B 238,667 138,521 3A 112,385 250,906 1.0 NOT OK!
4B 370,853 124,146 4A 113,692 237,838 1.6 OK
4D 151,214 95,396 4C 83,635 179,032 0.8 NOT OK!
5B 293,808 133,294 5A 112,385 245,678 1.2 OK

Conclusion:
Individual subcells can contain the design storm event.
Subcells 3B and 4D, can't contain the flow from the upstream subcells. 
Therefore, the upstream subcells must be managed independently.

ft
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HDR Computation Job Number 453925‐235691‐018 No.

Project Charah Colon Mine Computed MDP Date 12/30/2014

Subject Permit Application Checked EAW Date 12/31/2014

Task Stormwater Pipe Perforations and Sizings 1 Of 3

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.

Calculations:

Eq. 1 Reference 1

Where:  Q = Flow Rate (cfs)

Cd = Coefficient of Discharge (dimensionless)

A = Cross‐sectional Area of Orifice

g = gravity (ft/s2)

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 10yr,24hr = 5.62 inches

Maximum Subcell Size =  15.3 acres

Storm Event Qcfs = 312,129       cf/acre/day

Qgpm = 1621.45 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 = 35.362 gpm (actual flow rate per acre for the drainage area of the pipe)

Sharma, H. D., & Lewis, S. P. (1994). Waste Containment Systems, Waste Stabilization, and Landfills: Design and 

Evaluation . New York: John Wiley & Sons, Inc.

ghACQ d 2

Stormwater Pipe Perforation Calc.xlsx



HDR Computation Job Number 453925‐235691‐018 No.

Project Charah Colon Mine Computed MDP Date 12/30/2014

Subject Permit Application Checked EAW Date 12/31/2014

Task Stormwater Pipe Perforations and Sizings 2 Of 3

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

Diameter of perforation, dperforation = 0.375 in

dperforation = 0.03125 ft

Eq. 2

Aperforation = 0.00077 ft2

Using Equation 1, determine the flow in the pipe

Cd = 0.6 typical default value (Ref. 1)

Aperforation = 0.00077 ft2

g = 32.2 ft/s2

h = 8 in

h = 0.67 ft

Qperforation = 0.003 cfs

Qperforation = 1.35 gpm per perforation

Number of Perforations per foot of pipe = 30 perforations per foot of pipe

Qper foot of pipe = 40.60 gpm

Required Flow Rate Allowable Flow Rate

gpm gpm

35.362 40.60

Conclusion:

The pipe is 8 inches in diameter. The head was 

assumed to be from the center of the pipe to 12 

inches above the liner.

<

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 the 

orifices.

2

2








d
A 
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HDR Computation Job Number 453925‐235691‐018 No.

Project Charah Colon Mine Computed MDP Date 12/30/2014

Subject Permit Application Checked EAW Date 12/31/2014

Task Stormwater Pipe Perforations and Sizings 3 Of 3

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

Eq. 3 Reference 1

Where: Q = Flow Rate (cfs)

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

n = Manning roughness coefficient (dimensionless)

s = Longitudinal slope (ft/ft)

D =  8 in

n = 0.009 Reference 2, page 472

Slope

Allowable

Q (cfs)

Allowable

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.

n

sD
Q

3

8

16
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HDR Computation I  Job No.  453925-235691-018     I 

Project:   Charah Colon Mine Computed PAW Date 11/3/14

Subject:   Permit Application Checked  EAW Date  11/6/2014

Task:     Drainage - Time of Concentration Sheet 1 Of 1

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

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

Equations

[L3 / H]0.385

128

Time of Concentration, (min) = tc

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
tc (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
tc (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
tc (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
tc (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 = 

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

Drainage.xlsx Tc
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HDR Computation I  Job No.  453925-235691-018     I

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:   Permit Application Checked  EAW Date  11/6/14

Task:     Drainage - Perimeter Channels Sheet 1 of                    3

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

References
1.  NC Erosion and Sediment Control Planning and Design Manual.

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

3.  NCDOT Standard Specifications for Roads and Structures

4.  North American Green Product Brochure version 4.11

5.  East Coast Erosion Blankets (ECS-1)

6.  Maccaferri

7. Green Armor Systems

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

Equations
Normal Depth Procedure (Manning's Eqn) Ref 2

Zav = AR2/3 Area (A) = bd + z d2

Zreq = Q n / 1.49s0.5 R = Area  / (b+2d(z2+1)0.5)

AR2/3 = Q n/  1.49s0.5 Avg Shear Stress (T) = d*s*unit weight of water

Q (cfs) = CIA Zav = Zreq 

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 Ag land, smooth Ref 1

Runoff  Coeff (permanent)= 0.25 Pasture, Sandy Ref 1

I (in/hr) = 6.76 25-yr, 10-min Design Storm (Sanford, NC) Ref 8

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

Lining 
Type Lining Description

depths of  
0-0.5 ft

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

A Jute Net (HEC-15) 0.015 2.0 0.45
B Erosion Control Blanket Single Net (Curlex 1) 0.034 5.0 1.55
C Erosion Control Blanket, Straw w/ Single Net (Ref 4)* 0.025 6.7 1.50
D Erosion Control Blanket Double Net (Curlex HV) 0.026 10.0 1.65
E Ordinary Firm Loam (Ref 2) 0.023 0.020 3.5 2.0
F Grass Lined (Ref 1)* 0.030 5.0 2.0
G 6" Rip Rap (Ref 2, Ref 1) 0.069 9.0 2.0
H GreenArmor 7010 (vegetated) 0.034 16.0 8.0
I Unvegetated Turf Reinforcement Mat (TRM) (NAG C350) 0.025 9.5 2.25
J Class D Phase 2 (Partially vegetated) TRM (NAG C350) 0.048 14.0 3.34
K 12" Rip Rap (Ref 2, Ref 1) 0.078 12.5 4.0
L Class B Phase 3 (Fully vegetated) TRM (NAG C350) 0.048 18.0 5.7
M Reno Mattress (6-inch, unvegetated) Ref 6 0.0277 13.8 4.3
N Reno Mattress (6-inch, vegetated) Ref 6 0.050 13.8 8.35
O Smart Ditch (Pre-formed HDPE channel) 0.022 - -
P Concrete (HEC-15, EPA 832-F-99-002) 0.013 25.0 10.0

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

Manning's n Allowable 
Shear Stress 

(psf)

Drainage.xlsx Perimeter Channels



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

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:   Permit Application Checked  EAW Date  11/6/14

Task:     Drainage - Perimeter Channels Sheet 2 of                    3

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

Node

Drainage 
Area 

(acres) elev 2 elev 1 length (ft)
Channel 

Slope
Inside 
(X:1)

Outside 
(X:1)

Bottom 
Width, b 

(ft)

DI #1 0.96 324 294 529 5.7% 2 2 4
DI #2 2.9 288 279 823 1.1% 2 2 4

DI #3W 5.2 280 269 1,100 1.0% 2 2 4
DI #3E 2.3 270 269 530 0.2% 2 2 4
DI #5W 3.2 280 259 643 3.3% 2 2 4
DI #5S 3.8 282 259 614 3.7% 2 2 4
DI #6 N 3.1 297 288 600 1.5% 2 2 4

DI #6 W a 8.2 322 296 1,034 2.5% 2 2 4
DI #6 W b 12.4 294 288 676 0.9% 2 2 4
Cell 1 N 5.3 290 284 558 1.1% 2 2 4
DI #7E 38.6 278 272 706 0.8% 2 2 4
DI #7W 4.1 276 271 434 1.2% 2 2 4

Channel 
Location

Flow Q 
(cfs)

Lining 
Type Zreq

Flow 
Depth     
     d (ft)

Cross 
Sectional 
Area (sf) R Z av

Velocity  
(ft/sec)

Avg Shear 
Stress 
(lb/sf) Comment

Initial Lining
DI #1 3.9 E 0.22 0.17 0.75 0.16 0.22 5.2 0.6 Need Liner

DI #2 11.8 E 1.51 0.53 2.69 0.42 1.51 4.4 0.4 Need Liner

DI #3W 21.1 E 2.83 0.75 4.15 0.56 2.83 5.1 0.5 Need Liner

DI #3E 9.3 E 2.88 0.76 4.20 0.57 2.88 2.2 0.1 OK

DI #5W 13.0 E 0.96 0.41 1.98 0.34 0.96 6.6 0.8 Need Liner

DI #5S 15.4 E 1.07 0.44 2.13 0.36 1.07 7.3 1.0 Need Liner

DI #6 N 12.6 E 1.38 0.50 2.53 0.40 1.38 5.0 0.5 Need Liner

DI #6 W a 33.3 E 2.82 0.75 4.14 0.56 2.82 8.0 1.2 Need Liner

DI #6 W b 50.3 E 7.17 1.24 8.04 0.84 7.17 6.3 0.7 Need Liner

Cell 1 N 21.5 E 2.78 0.75 4.10 0.56 2.78 5.2 0.5 Need Liner

DI #7E 156.6 E 22.80 2.22 18.72 1.34 22.80 8.4 1.2 Need Liner

DI #7W 16.6 E 2.08 0.64 3.35 0.49 2.08 5.0 0.5 Need Liner

Temp Lining
DI #1 3.9 C 0.27 0.20 0.86 0.18 0.27 4.5 0.7 OK

DI #2 11.8 C 1.89 0.60 3.14 0.47 1.89 3.8 0.4 OK

DI #3W 21.1 C 3.54 0.85 4.86 0.62 3.54 4.3 0.5 OK

DI #3E 9.3 C 3.60 0.86 4.92 0.63 3.60 1.9 0.1 OK

DI #5W 13.0 C 1.21 0.47 2.31 0.38 1.21 5.6 1.0 OK

DI #5S 15.4 C 1.34 0.50 2.48 0.40 1.34 6.2 1.2 OK

DI #6 N 12.6 C 1.72 0.57 2.94 0.45 1.72 4.3 0.5 OK

DI #6 W a 33.3 C 3.52 0.85 4.84 0.62 3.52 6.9 1.3 Need Diff Liner

DI #6 W b 50.3 C 8.96 1.38 9.37 0.92 8.86 5.4 0.8 OK

Cell 1 N 21.5 C 3.48 0.84 4.80 0.62 3.48 4.5 0.6 OK

DI #7E 156.6 C 28.49 2.47 22.07 1.47 28.49 7.1 1.3 Need Liner

DI #7W 16.6 C 2.60 0.72 3.91 0.54 2.60 4.3 0.5 OK

Channel Side Slope

Drainage.xlsx Perimeter Channels



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

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:   Permit Application Checked  EAW Date  11/6/14

Task:     Drainage - Perimeter Channels Sheet 3 of                    3

Channel 
Location

Flow Q 
(cfs)

Lining 
Type Zreq

Flow 
Depth     
     d (ft)

Cross 
Sectional 
Area (sf) R Z av

Velocity  
(ft/sec)

Avg Shear 
Stress 
(lb/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 4.9 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 0.45 1.77 2.9 0.4 OK

DI #3E 3.9 F 1.80 0.59 3.03 0.46 1.80 1.3 0.1 OK

DI #5W 5.4 F 0.60 0.31 1.44 0.27 0.60 3.7 0.6 OK

DI #5S 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 0.4 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 W b 21.0 F 4.48 0.97 5.74 0.69 4.48 3.7 0.5 OK

Cell 1 N 9.0 F 1.74 0.57 2.96 0.45 1.74 3.0 0.4 OK

DI #7E 65.2 F 14.25 1.76 13.25 1.12 14.25 4.9 0.9 OK

DI #7W 6.9 F 1.30 0.49 2.43 0.39 1.30 2.9 0.4 OK

Select an appropriate temp liner for DI 6W a and DI #7E

Channel 
Location

Channel 
Slope

Lining 
Type Zreq

Flow 
Depth     
     d (ft)

Cross 
Sectional 
Area (sf) R Z av

Velocity  
(ft/sec)

Avg Shear 
Stress 
(lb/sf) Comment

DI #6 W a 2.5% H 4.72 0.99 5.96 0.71 4.72 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

Channel

Inside 
Channel 

(X:1)

Outside 
Channel 

(X:1)

Bottom 
Width, 
b (ft)

Slope 
(%)

Min 
Depth 

(ft)
Build 

Depth (ft)

Top 
Width 

(ft)
DI #1 2 2 4 5.7% 1.2 2 12 Straw w/ Single Net

DI #2 2 2 4 1.1% 0.8 2 12 Straw w/ Single Net

DI #3W 2 2 4 1.0% 1.1 2 12 Straw w/ Single Net

DI #3E 2 2 4 0.2% 1.1 2 12 Straw w/ Single Net

DI #5W 2 2 4 3.3% 0.7 2 12 Straw w/ Single Net

DI #5S 2 2 4 3.7% 0.7 2 12 Straw w/ Single Net

DI #6 N 2 2 4 1.5% 0.8 2 12 Straw w/ Single Net

DI #6 W a 2 2 4 2.5% 1.2 2 12 GreenArmor 7010

DI #6 W b 2 2 4 0.9% 1.6 2 12 Straw w/ Single Net

Cell 1 N 2 2 4 1.1% 1.0 2 12 Straw w/ Single Net

DI #7E 2 2 4 0.8% 2.7 3 16 GreenArmor 7010

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

Grass Lined

Grass Lined

Grass Lined

Grass Lined

Grass Lined

Grass Lined

Temporary Lining Permanent Lining

Grass Lined

Grass Lined

Grass Lined

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.

Grass Lined

Grass Lined

Drainage.xlsx Perimeter Channels
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HDR Computation I  Job No.  453925-235691-018     I 

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:   Permit Application Checked  EAW Date  11/6/14

Task:     Drainage - Sideslope Swales Sheet 1 of                         2

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

References
1.  NC Erosion and Sediment Control Planning and Design Manual.

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

3.  NCDOT Standard Specifications for Roads and Structures

4.  North American Green Product Brochure version 4.11

5.  East Coast Erosion Blankets (ECS-1)

6.  Maccaferri

7. Green Armor Systems

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

Equations
Normal Depth Procedure (Manning's Eqn) Ref 2

Zav = AR2/3 Area (A) = bd + z d2

Zreq = Q n / 1.49s0.5 R = Area  / (b+2d(z2+1)0.5)

AR2/3 = Q n/  1.49s0.5 Avg Shear Stress (T) = d*s*unit weight of water

Q (cfs) = CIA

Zav = Zreq 

Channel Design

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 Ag land, smooth Ref 1

Runoff  Coeff (permanent)= 0.25 Pasture, Sandy Ref 1

I (in/hr) = 6.76 25-yr, 10-min Design Storm (Sanford, NC) Ref 8

Various Lining Types
Lining 
 Type Lining Description

depths 
of  0-0.5 

depths 
of 0.5- Vp (ft/sec)

A Jute Net (HEC-15) 0.015 2.0 0.45
B Erosion Control Blanket Single Net (Curlex 1) 0.034 5.0 1.55
C Erosion Control Blanket, Straw w/ Single Net (Ref 4)* 0.025 6.7 1.50
D Erosion Control Blanket Double Net (Curlex HV) 0.026 10.0 1.65
E Ordinary Firm Loam (Ref 2) 0.023 0.020 3.5 2.0
F Grass Lined (Ref 1)* 0.030 5.0 2.0
G 6" Rip Rap (Ref 2, Ref 1) 0.069 9.0 2.0
H GreenArmor 7010 (unvegetated) 0.034 12.0 3.3
I Unvegetated Turf Reinforcement Mat (TRM) (NAG C350) 0.025 9.5 2.25
J Class D Phase 2 (Partially vegetated) TRM (NAG C350) 0.048 14.0 3.34
K 12" Rip Rap (Ref 2, Ref 1) 0.078 12.5 4.0
L Class B Phase 3 (Fully vegetated) TRM (NAG C350) 0.048 18.0 5.7
M Reno Mattress (6-inch, unvegetated) Ref 6 0.0277 13.8 4.3
N Reno Mattress (6-inch, vegetated) Ref 6 0.050 13.8 8.35
O Smart Ditch (Pre-formed HDPE channel) 0.022 - -
P Concrete (HEC-15, EPA 832-F-99-002) 0.013 25.0 10.0

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

Manning's n Allowable 
Shear Stress 

(psf)

Drainage.xlsx Swales



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

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:   Permit Application Checked  EAW Date  11/6/14

Task:     Drainage - Sideslope Swales Sheet 2 of                         2

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 
Location

Drainage 
Area 

(acres)
Channel 
 Slope

Inside 
(X:1)

Outside 
(X:1)

Bottom 
Width, b 

(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)

Channel 
Location

Flow Q 
(cfs)

Lining 
Type Zreq

Flow 
Depth     
     d (ft)

Cross 
Sectional 
Area (sf) R Z av

Velocity  
 (ft/sec)

Avg Shear 
Stress 
(lb/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 30.4 E 8.17 2.07 8.59 0.93 8.17 3.5 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 30.4 C 10.21 2.25 10.16 1.01 10.21 3.0 0.4 OK

Channel 
Location

Flow Q 
(cfs)

Lining 
Type Zreq

Flow 
Depth     
     d (ft)

Cross 
Sectional 
Area (sf) R Z av

Velocity  
 (ft/sec)

Avg Shear 
Stress 
(lb/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 0.3 OK

CONCLUSION

Inside 
Channel 

(X:1)

Outside 
Channel 
 (X:1)

Bottom 
Width, b 

(ft)
Slope 

(%)
Depth 

(ft)

Top 
Width 

(ft)
Sideslope 4 4 0 2.0% 1.1 8.8

Diversion Berm 2 2 0 0.25% 1.7 6.9

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

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.

Channel Side Slope

Side Slope Min to Construct

Drainage.xlsx Swales



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

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:  Permit Application Checked: EAW Date: 11/6/14

Task: Drainage - Slope Drains Sheet: 1 of:                                            1

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

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 Q = Cd * A * (2gh)0.5

Q (cfs) =  Discharge
0.60 = Cd Coefficient of Discharge (dimensionless)

A (sf) = Cross Sectional Area of Flow at the orifice entrance

32.2 = Acceleration of Gravity g (ft/sec2)
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)

Scenario

Pipe 
Slope 

(ft fall / 
ft run)

Drainage 
Area 

(acres)
Flow 

Q (cfs)

Theoretical 
Size for 
pipe (in)

Pipe Dia 
Selected 

(in)

Cross 
Sectional 
Area of 

orifice (sf)

Driving 
Headwater 

Rqd for 
Total Flow 

(ft)

Driving 
Head 

Available 
(ft)

Manning's 
Possible 

Discharge 
Q (cfs) Comments

Sideslope 25% 13.3 22.5 12.7 18 1.8 7.0 1.8 57.0

This assumes entire area 
trying to get into the pipe 
though some is already in the 
pipe due to sideslope swales.

Sideslope 25% 7 11.8 10.0 18 1.8 1.9 1.8 57.0
This is drainage from only the 
sideslope swale.

Diversion 
Berm

1.0% 2 3.4 11.4 12 0.8 0.8 2.0 3.9

Diversion 
Berm

1.0% 7.5 12.7 18.7 18 1.8 2.2 1.8 11.4

Conclusion:
Use 18" corrugated plastic pipe (smooth wall)

8

3

16 
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HDR Computation I  Job No.  453925-235691-018     I 

Project:   Charah Colon Mine Computed: PAW Date: 11/3/2014
Subject:   Permit Application Checked: EAW Date: 11/6/2014
Task:     Drainage - Drop Inlets Sheet: 1 of : 2

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.

Equations:

Q = Cd * A (2 * g * h)0.5 Orifice Equation
Q = cfs, discharge (based on permanent condition)

Cd = 0.59 coefficient of discharge Ref 1, p III-11

g = 32.2 ft/sec2, 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

Channel 
Location Side 1 Side 2

Slope Drain 
Flow (cfs)

Total Flow 
(cfs) Grate

Open 
Area (sf)

Required 
head(ft)

DI #1 1.6 22.5 24.1 C R-3531-A 6.0 0.7 Ok
DI #2 4.9 22.5 27.4 C R-3531-A 6.0 0.9 Ok
DI #3 8.8 3.9 22.5 35.2 C R-3531-A 6.0 1.5 Ok
DI #4 Mininimal Flow
DI #5 5.4 6.4 22.5 34.3 C R-3531-A 6.0 1.5 Ok
DI #6 5.2 21.0 22.5 48.7 C R-3531-A 6.0 2.9 Problem
DI #7 65.2 6.9 22.5 94.6 C R-3531-A 6.0 11.1 Problem

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 Ok
DI #7 47.3 0.59 C R-3531-A 6.0 2.8  Problem

DI #7 65.2 0.59 2 large grates will be necessary 9.8 2.0 Ok

Perimeter Channel

Drainage.xlsx Drop Inlets



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

Project:   Charah Colon Mine Computed: PAW Date: 11/3/2014
Subject:   Permit Application Checked: EAW Date: 11/6/2014
Task:     Drainage - Drop Inlets Sheet: 2 of : 2

Size the Outlet culvert

D=16*(Qn/s0.5)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 DI #6 DI #7

Q (cfs) = 24.1 27.4 35.2 10.0 34.3 48.7 94.6
Number of pipes 1 1 1 1 1 1 2

Slope (%) = 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%

Theoretical Diameter (in) = 24.6 25.8 28.3 17.7 28.0 32.0 31.6

Culvert Diameter (in) = 30 30 30 18 30 36 36

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

Drainage.xlsx Drop Inlets



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

Project:   Charah Colon Mine Computed: PAW Date 11/03/14
Subject:   Permit Application Checked  EAW Date   11/6/14
Task:     Drainage - Drop Inlet across Power Line Right-of-Way Sheet 1 of                               2

Objective: 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)= 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 = Cd * A (2 * g * h)0.5

Q = cfs, discharge (based on permanent condition)
Cd = coefficient of discharge 0.59 Ref 1, p III-11

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

A = sf, cross sectional open area

Type
Open 

area (A)
Perimeter 

of 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 = Cw * L * H1.5

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)

Allowable head 2.0 feet (depth of channel)

Check for inlet control

Q (cfs) Cd or Cw Grate
Open Area 

(sf) Required head(ft)
Initial 111.95 0.59 C R-3531-A 6.0 15.5  Problem Remove grate. Assume weir.

Initial 111.95 3.2 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

Drainage.xlsx Drop Inlets Power Line



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

Project:   Charah Colon Mine Computed: PAW Date 11/03/14
Subject:   Permit Application Checked  EAW Date   11/6/14
Task:     Drainage - Drop Inlet across Power Line Right-of-Way Sheet 2 of                               2

Size the Outlet culvert

D=16*(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)

DI Rim 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 
Flow

Half of 
Initial Flow

Permanent 
Flow

Half of 
Permanent Flow

Q (cfs) = 111.95 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.

Drainage.xlsx Drop Inlets Power Line



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

Project:   Charah Colon Mine Computed PAW Date 11/03/14

Subject:  Permit Application Checked: EAW Date:  11/6/14

Task:      Drainage - Apron Outlets Sheet 1 of:                         1 

Objective: Design the apron outlets for the drop inlets for the 25-year storm.

References:
1. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
2.  North Carolina Erosion and Sediment Control Planning and Design Manual

Equations:
Determine Tailwater conditions to size apron
Use Normal Depth Procedure (Manning's Eqn.) Ref 1, II-7

Zav = AR2/3 Area (A) = bd + z d2

Zreq = Q n / 1.49s0.5 R = Area  / (b+2d(z2+1)0.5)

AR2/3 = Q n/  1.49s0.5 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) Ref 2

n = 0.069 6-Inch Rip Rap Lined Channel (for depths of 0.5 to 2 ft) Ref 2

Vp (ft/sec) = 9 Permissible Velocity for lining Ref 2

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 Ref 2, 8.06.1

0.5* Barrel Diameter (ft) = 1.50
Minimum Tailwater Conditions: Flow Depth (d) < 0.5*Diameter of Culvert Ref 2 8.06a

Maximum Tailwater Conditions: Flow Depth (d) > 0.5*Diameter of Culvert Ref 2 8.06b

Diameter (in) Q (cfs) Zreq 

Flow 
Depth, d (ft)

Cross 
Sectional 
Area (sf) R (ft) Zav

Velocity  
(ft/sec) Tailwater

30 35.2 16.28 1.13 18.9 0.80 16.28 1.9 Min
36 48.7 22.54 1.33 23.9 0.91 22.54 2.0 Min

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:

Culvert 
Diameter Entrance Length

Outlet 
Width

Median 
Rip Rap 
Size (ft)

Selected 
Rip Rap 

Size

(ft) (ft) (ft) (ft) d50 (in)

2.5 7.5 16 19 0.5 Class B
3 9 20 23 0.5 Class B

Drainage.xlsx Apron Outlet
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table 8.03b
Value of Runoff Coefficient

(C) for rational formula

land use C land use C

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

 
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

Lawns: 
Sandy soil, flat, 2% 
Sandy soil, ave., 
2-7% 
Sandy soil, steep, 
7% 
Heavy soil, flat, 2% 
Heavy soil, ave., 
2-7% 
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 soil 
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 

 
0.30-0.60 
0.20-0.50 
0.20-0.40 
0.10-0.25 

 
0.15-0.45 
0.05-0.25 
0.05-0.25 

 
0.10-0.25 

 
0.15-0.45 
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

8.03.6  Rev. 6/06
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #1 Sheet:  1 Of:   4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1 2 2 2

Storm Event (yrs) = 10 10 25 100
Total Drainage Area A (ac) = 5.4 9.3 9.3 9.3

Disturbed Area (ac) = 5.4 9.3 9.3 9.3
Curve Number CN = 86 86 86 86 Hydrographs

Rainfall Depth P (in) = 5.28 5.28 6.28 7.88 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 32.86 43.09 53.49 70.07 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 16,740 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 18,744 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

283 0 0 - - -
283 0 13,792 0 0 0
284 1 15,414 14,595 14,595 541
285 2 17,133 16,266 30,861 1,143
286 3 18,947 18,032 48,894 1,811
287 4 21,463 20,192 69,086 2,559
288 5 23,731 22,588 91,673 3,395
289 6 26,305 25,007 116,680 4,321

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 48,894 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 18,947 Required Surface Area Achieved

SB 01.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #1 Sheet:  2 Of:   4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 48,894
Number of Skimmers 1

Days to Drain = 5 assumed
Q each (cf/day) = 9,779 0.11 cfs

Selected Skimmer Size (inches) = 4
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 2.7

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1 2 2 2
Storm Event (yrs) = 10 10 25 100

S = 1.63 1.63 1.63 1.63
Runoff Depth Q* (inches) = 3.73 3.73 4.68 6.22

Time to Peak Tp (min) = 26.67 35.03 35.39 35.90

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 48,894

Z2 (ft) = 6 S2 (cf) = 116,680

b = ln(S2/S1)/ln(Z2/Z1) = 1.3 Ref 2, III-8

KS = S2/Z2
b = 12,318

SB 01.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #1 Sheet:  3 Of:   4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 7.00

Set Top of Dam at (ft) = 7.50

Emergency Spillway
QE (cfs) = 100-Yr Storm

QE (cfs) = 5.8
Cross Section = Trapezoid

Channel Side Slope (z) = 5 (enter X for X:1)
n = 0.03 Grass Lined

Vp (ft/sec) = 5.0 Permissible Velocity for lining Ref 2, II-7

Allowable Shear Stress (psf) = 2.0 Allowable Shear Stress for lining
Bottom Width, b (ft) = 20

Calculate Required Depth of Spillway:
Normal-Depth Procedure

AR2/3=Qn/1.49s0.5 Q=VA

Zreq=Qn/1.49s0.5 Area (A)= bd+z(d^2)

Zav=AR2/3 R=Area/(b+2d((z^2)+1)^.5)

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

Channel Slope Depth, d A V T
ft/ft (ft) (sf) Zreq R Z avail (ft/sec) (psf)
0.01 0.18 3.77 1.17 0.17 1.17 1.5 0.1
0.02 0.15 3.03 0.82 0.14 0.82 1.9 0.2

Construct the channel to be : 20 ft, Bottom Width (measured at top of lining)
0.5 ft, depth (measured at top of lining)
1% slope

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 3
Use Anti-Seep Collar Size (ft)  = 3 x 3

See Hydrograph

SB 01.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #1 Sheet:  4 Of:   4

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 54 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 101.79 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 2.69
Width & Length (ft) = 5.5

Thickness (ft) = 2.4

Anti-Vortex Device:
Diameter of Riser (in) = 54 From Hydrograph

Cylinder Diameter (in) = 78 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 25

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 9 6 * Barrel Diameter
QB (cfs) = 10.0 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

10.0 3.26 0.51 5.9 0.41 3.26 1.7

Flow Depth = Tailwater, d (ft) = 0.51 0.5* Barrel Diameter (ft) = 0.75 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

1.5 4.5 10 12 0.3 Class A

Conclusion
The basin can contain the 10-yr storm and pass the 100-yr storm without overtopping the berm.

SB 01.xlsx
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HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    1 Of    2

Diameter of Riser (in) = 54
Circumference of Riser (in) = 169.6

Height of Riser from bottom of barrel (in) = 77 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 1 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.11 0.11
0.39 0.00 0.00 0.00 0.11 0.11
0.44 0.00 0.00 0.00 0.11 0.11
0.49 0.00 0.00 0.00 0.11 0.11
0.54 0.00 0.00 0.00 0.11 0.11
0.59 0.00 0.00 0.00 0.11 0.11
0.64 0.00 0.00 0.00 0.11 0.11
0.69 0.00 0.00 0.00 0.11 0.11
0.74 0.00 0.00 0.00 0.11 0.11
0.79 0.00 0.00 0.00 0.11 0.11
0.84 0.00 0.00 0.00 0.11 0.11
0.89 0.00 0.00 0.00 0.11 0.11
0.94 0.00 0.00 0.00 0.11 0.11
0.99 0.00 0.00 0.00 0.11 0.11
1.04 0.00 0.00 0.00 0.11 0.11
1.09 0.00 0.00 0.00 0.11 0.11
1.14 0.00 0.00 0.00 0.11 0.11
1.19 0.00 0.00 0.00 0.11 0.11
1.24 0.00 0.00 0.00 0.11 0.11
1.29 0.00 0.00 0.00 0.11 0.11
1.34 0.00 0.00 0.00 0.11 0.11
1.39 0.00 0.00 0.00 0.11 0.11
1.44 0.00 0.00 0.00 0.11 0.11
1.49 0.00 0.00 0.00 0.11 0.11
1.54 0.00 0.00 0.00 0.11 0.11
1.59 0.00 0.00 0.00 0.11 0.11

Perforations

SB 01.xlsx Pipe Perf-Skimmer



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15
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1.64 0.00 0.00 0.00 0.11 0.11
1.69 0.00 0.00 0.00 0.11 0.11
1.74 0.00 0.00 0.00 0.11 0.11
1.79 0.00 0.00 0.00 0.11 0.11
1.84 0.00 0.00 0.00 0.11 0.11
1.89 0.00 0.00 0.00 0.11 0.11
1.94 0.00 0.00 0.00 0.11 0.11
1.99 0.00 0.00 0.00 0.11 0.11
2.04 0.00 0.00 0.00 0.11 0.11
2.09 0.00 0.00 0.00 0.11 0.11
2.14 0.00 0.00 0.00 0.11 0.11
2.19 0.00 0.00 0.00 0.11 0.11
2.24 0.00 0.00 0.00 0.11 0.11
2.29 0.00 0.00 0.00 0.11 0.11
2.34 0.00 0.00 0.00 0.11 0.11
2.39 0.00 0.00 0.00 0.11 0.11
2.44 0.00 0.00 0.00 0.11 0.11
2.49 0.00 0.00 0.00 0.11 0.11
2.54 0.00 0.00 0.00 0.11 0.11
2.59 0.00 0.00 0.00 0.11 0.11
2.64 0.00 0.00 0.00 0.11 0.11
2.69 0.00 0.00 0.00 0.11 0.11
2.74 0.00 0.00 0.00 0.11 0.11
2.79 0.00 0.00 0.00 0.11 0.11
2.84 0.00 0.00 0.00 0.11 0.11
2.89 0.00 0.00 0.00 0.11 0.11
2.94 0.00 0.00 0.00 0.11 0.11
2.99 0.00 0.00 0.00 0.11 0.11
3.04 0.00 0.00 0.00 0.11 0.11
3.09 0.00 0.00 0.00 0.11 0.11
3.14 0.00 0.00 0.00 0.11 0.11
3.19 0.00 0.00 0.00 0.11 0.11
3.24 0.00 0.00 0.00 0.11 0.11
3.29 0.00 0.00 0.00 0.11 0.11
3.34 0.00 0.00 0.00 0.11 0.11
3.39 0.00 0.00 0.00 0.11 0.11
3.44 0.00 0.00 0.00 0.11 0.11
3.49 0.00 0.00 0.00 0.11 0.11
3.54 0.00 0.00 0.00 0.11 0.11
3.59 0.00 0.00 0.00 0.11 0.11
3.64 0.00 0.00 0.00 0.11 0.11
3.69 0.00 0.00 0.00 0.11 0.11
3.74 0.00 0.00 0.00 0.11 0.11
3.79 0.00 0.00 0.00 0.11 0.11
3.84 0.00 0.00 0.00 0.11 0.11
3.89 0.00 0.00 0.00 0.11 0.11
3.94 0.00 0.00 0.00 0.11 0.11
3.99 0.00 0.00 0.00 0.11 0.11
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Qp = 32.86 cfs Sediment Basin # 1 Colon
Tp = 26.67 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.3
Number of Riser/Barrel Assemblies 1 Ks = 12,318

Diameter of Barrel = 18 (in)

Height of Riser above barrel = 4.9 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 289.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.0 (ft) elevation 290.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 290.50 4.1 ft Maximum Stage 287.10 msl elevation

Length of Emergency Spillway = 20 (ft) 0.1 cfs Peak outflow

Diameter of Riser = 54 (in) 0.1 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 283.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimate
d Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -         N/A
2 0.5 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -         N/A
4 1.8 54 0.0 0.00 0.00 0.00 0.00 0.00 11.31 5,140     N/A
6 3.9 269 0.0 0.00 0.00 0.00 0.00 0.00 15.64 7,111     N/A
8 6.8 741 0.1 0.00 0.00 0.00 0.00 0.00 19.22 8,735     N/A

10 10.1 1,554 0.2 0.00 0.00 0.00 0.00 0.00 22.33 10,151   N/A
12 13.9 2,770 0.3 0.00 0.00 0.00 0.00 0.00 25.12 11,416   N/A
14 17.7 4,433 0.4 0.11 0.11 0.00 0.11 0.11 27.63 12,560   100%
16 21.5 6,545 0.6 0.11 0.11 0.00 0.11 0.11 29.91 13,594   100%
18 25.0 9,111 0.8 0.11 0.11 0.00 0.11 0.11 31.99 14,539   100%
20 28.0 12,099 1.0 0.11 0.11 0.00 0.11 0.11 33.88 15,401   100%
22 30.4 15,450 1.2 0.11 0.11 0.00 0.11 0.11 35.61 16,185   100%
24 32.1 19,088 1.4 0.11 0.11 0.00 0.11 0.11 37.17 16,895   100%
26 32.8 22,921 1.6 0.11 0.11 0.00 0.11 0.11 38.58 17,535   100%
28 32.7 26,844 1.9 0.11 0.11 0.00 0.11 0.11 39.83 18,107   100%
30 31.6 30,750 2.1 0.11 0.11 0.00 0.11 0.11 40.95 18,613   100%
32 29.7 34,530 2.3 0.11 0.11 0.00 0.11 0.11 41.92 19,056   100%
34 27.2 38,084 2.5 0.11 0.11 0.00 0.11 0.11 42.77 19,439   100%
36 24.7 41,334 2.6 0.11 0.11 0.00 0.11 0.11 43.48 19,765   100%
38 22.4 44,281 2.8 0.11 0.11 0.00 0.11 0.11 44.10 20,044   100%
40 20.3 46,953 2.9 0.11 0.11 0.00 0.11 0.11 44.62 20,284   100%
42 18.4 49,375 3.0 0.11 0.11 0.00 0.11 0.11 45.08 20,492   100%
44 16.7 51,571 3.1 0.11 0.11 0.00 0.11 0.11 45.48 20,674   100%
46 15.2 53,562 3.2 0.11 0.11 0.00 0.11 0.11 45.83 20,834   100%
48 13.7 55,367 3.3 0.11 0.11 0.00 0.11 0.11 46.14 20,974   100%
50 12.5 57,003 3.4 0.11 0.11 0.00 0.11 0.11 46.42 21,099   100%
52 11.3 58,485 3.5 0.11 0.11 0.00 0.11 0.11 46.66 21,209   100%
54 10.3 59,829 3.5 0.11 0.11 0.00 0.11 0.11 46.88 21,307   100%
56 9.3 61,047 3.6 0.11 0.11 0.00 0.11 0.11 47.07 21,394   100%
58 8.4 62,150 3.6 0.11 0.11 0.00 0.11 0.11 47.24 21,472   100%
60 7.7 63,149 3.7 0.11 0.11 0.00 0.11 0.11 47.39 21,542   100%
62 6.9 64,055 3.7 0.11 0.11 0.00 0.11 0.11 47.53 21,604   100%
64 6.3 64,875 3.8 0.11 0.11 0.00 0.11 0.11 47.65 21,660   100%
66 5.7 65,618 3.8 0.11 0.11 0.00 0.11 0.11 47.76 21,710   100%
68 5.2 66,290 3.8 0.11 0.11 0.00 0.11 0.11 47.86 21,755   100%
70 4.7 66,899 3.9 0.11 0.11 0.00 0.11 0.11 47.95 21,796   100%
72 4.3 67,450 3.9 0.11 0.11 0.00 0.11 0.11 48.03 21,832   100%
74 3.9 67,948 3.9 0.11 0.11 0.00 0.11 0.11 48.10 21,865   100%
76 3.5 68,399 3.9 0.11 0.11 0.00 0.11 0.11 48.17 21,894   100%
78 3.2 68,807 3.9 0.11 0.11 0.00 0.11 0.11 48.23 21,921   100%
80 2.9 69,176 4.0 0.11 0.11 0.00 0.11 0.11 48.28 21,944   100%
82 2.6 69,509 4.0 0.11 0.11 0.00 0.11 0.11 48.32 21,966   100%
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84 2.4 69,810 4.0 0.11 0.11 0.00 0.11 0.11 48.37 21,985   100%
86 2.2 70,081 4.0 0.11 0.11 0.00 0.11 0.11 48.41 22,002   100%
88 2.0 70,327 4.0 0.11 0.11 0.00 0.11 0.11 48.44 22,018   100%
90 1.8 70,548 4.0 0.11 0.11 0.00 0.11 0.11 48.47 22,032   100%
92 1.6 70,747 4.0 0.11 0.11 0.00 0.11 0.11 48.50 22,045   100%
94 1.5 70,927 4.0 0.11 0.11 0.00 0.11 0.11 48.52 22,056   100%
96 1.3 71,088 4.0 0.11 0.11 0.00 0.11 0.11 48.55 22,066   100%
98 1.2 71,234 4.0 0.11 0.11 0.00 0.11 0.11 48.57 22,075   100%

100 1.1 71,364 4.1 0.11 0.11 0.00 0.11 0.11 48.58 22,084   100%
102 1.0 71,482 4.1 0.11 0.11 0.00 0.11 0.11 48.60 22,091   100%
104 0.9 71,587 4.1 0.11 0.11 0.00 0.11 0.11 48.61 22,098   100%
106 0.8 71,681 4.1 0.11 0.11 0.00 0.11 0.11 48.63 22,104   100%
108 0.7 71,765 4.1 0.11 0.11 0.00 0.11 0.11 48.64 22,109   100%
110 0.7 71,840 4.1 0.11 0.11 0.00 0.11 0.11 48.65 22,113   100%
112 0.6 71,907 4.1 0.11 0.11 0.00 0.11 0.11 48.66 22,118   100%
114 0.6 71,966 4.1 0.11 0.11 0.00 0.11 0.11 48.67 22,121   100%
116 0.5 72,019 4.1 0.11 0.11 0.00 0.11 0.11 48.67 22,125   100%
118 0.5 72,065 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,128   100%
120 0.4 72,106 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,130   100%
122 0.4 72,142 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,132   100%
124 0.3 72,173 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,134   100%
126 0.3 72,200 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,136   100%
128 0.3 72,223 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,137   100%
130 0.3 72,243 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,139   100%
132 0.2 72,260 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,140   100%
134 0.2 72,274 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,141   100%
136 0.2 72,285 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,141   100%
138 0.2 72,294 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
140 0.2 72,301 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
142 0.1 72,306 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
144 0.1 72,309 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
146 0.1 72,311 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
148 0.1 72,311 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
150 0.1 72,310 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
152 0.1 72,308 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,143   100%
154 0.1 72,305 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
156 0.1 72,301 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
158 0.1 72,296 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
160 0.1 72,290 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,142   100%
162 0.1 72,283 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,141   100%
164 0.0 72,276 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,141   100%
166 0.0 72,268 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,140   100%
168 0.0 72,260 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,140   100%
170 0.0 72,251 4.1 0.11 0.11 0.00 0.11 0.11 48.71 22,139   100%
172 0.0 72,242 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,139   100%
174 0.0 72,232 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,138   100%
176 0.0 72,222 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,137   100%
178 0.0 72,212 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,137   100%
180 0.0 72,201 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,136   100%
182 0.0 72,190 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,135   100%
184 0.0 72,179 4.1 0.11 0.11 0.00 0.11 0.11 48.70 22,135   100%
186 0.0 72,168 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,134   100%
188 0.0 72,156 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,133   100%
190 0.0 72,144 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,132   100%
192 0.0 72,132 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,132   100%
194 0.0 72,120 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,131   100%
196 0.0 72,108 4.1 0.11 0.11 0.00 0.11 0.11 48.69 22,130   100%
198 0.0 72,096 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,129   100%
200 0.0 72,083 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,129   100%
202 0.0 72,071 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,128   100%
204 0.0 72,058 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,127   100%
206 0.0 72,045 4.1 0.11 0.11 0.00 0.11 0.11 48.68 22,126   100%
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Qp = 43.09 cfs Sediment Basin # 1 Colon
Tp = 35.03 minutes Phase 2

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.3
Number of Riser/Barrel Assemblies 1 Ks = 12,318

Diameter of Barrel = 18 (in)

Height of Riser above barrel = 4.9 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 289.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7 (ft) elevation 290.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 290.50 6.3 ft Maximum Stage 289.33 msl elevation

Length of Emergency Spillway = 20 (ft) 0.1 cfs Peak outflow

Diameter of Riser = 54 (in) 0.1 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 283.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACIT

Y [cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 0.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 1.4 41 0.0 0.00 0.00 0.00 0.00 0.00 10.70 4,864       N/A
6 3.0 206 0.0 0.00 0.00 0.00 0.00 0.00 14.82 6,735       N/A
8 5.3 571 0.1 0.00 0.00 0.00 0.00 0.00 18.23 8,285       N/A

10 8.1 1,209 0.2 0.00 0.00 0.00 0.00 0.00 21.22 9,647       N/A
12 11.3 2,181 0.3 0.00 0.00 0.00 0.00 0.00 23.92 10,875     N/A
14 14.9 3,539 0.4 0.11 0.11 0.00 0.11 0.11 26.40 11,998     100%
16 18.6 5,309 0.5 0.11 0.11 0.00 0.11 0.11 28.66 13,029     100%
18 22.5 7,530 0.7 0.11 0.11 0.00 0.11 0.11 30.77 13,987     100%
20 26.3 10,214 0.9 0.11 0.11 0.00 0.11 0.11 32.74 14,880     100%
22 30.0 13,358 1.1 0.11 0.11 0.00 0.11 0.11 34.57 15,714     100%
24 33.4 16,941 1.3 0.11 0.11 0.00 0.11 0.11 36.28 16,491     100%
26 36.4 20,933 1.5 0.11 0.11 0.00 0.11 0.11 37.87 17,215     100%
28 38.9 25,288 1.8 0.11 0.11 0.00 0.11 0.11 39.35 17,888     100%
30 40.9 29,948 2.0 0.11 0.11 0.00 0.11 0.11 40.73 18,513     100%
32 42.3 34,846 2.3 0.11 0.11 0.00 0.11 0.11 42.00 19,092     100%
34 43.0 39,909 2.6 0.11 0.11 0.00 0.11 0.11 43.18 19,625     100%
36 43.0 45,055 2.8 0.11 0.11 0.00 0.11 0.11 44.25 20,114     100%
38 42.3 50,202 3.1 0.11 0.11 0.00 0.11 0.11 45.23 20,561     100%
40 41.0 55,268 3.3 0.11 0.11 0.00 0.11 0.11 46.13 20,967     100%
42 39.0 60,173 3.5 0.11 0.11 0.00 0.11 0.11 46.93 21,332     100%
44 36.5 64,842 3.8 0.11 0.11 0.00 0.11 0.11 47.65 21,658     100%
46 33.9 69,213 4.0 0.11 0.11 0.00 0.11 0.11 48.28 21,947     100%
48 31.5 73,270 4.1 0.11 0.11 0.00 0.11 0.11 48.84 22,202     100%
50 29.2 77,036 4.3 0.11 0.11 0.00 0.11 0.11 49.34 22,429     100%
52 27.2 80,532 4.5 0.11 0.11 0.00 0.11 0.11 49.79 22,632     100%
54 25.2 83,776 4.6 0.11 0.11 0.00 0.11 0.11 50.19 22,815     100%
56 23.4 86,788 4.7 0.11 0.11 0.00 0.11 0.11 50.55 22,979     100%
58 21.7 89,583 4.9 0.11 0.11 0.00 0.11 0.11 50.88 23,127     100%
60 20.2 92,177 5.0 0.11 0.11 0.00 0.11 0.11 51.18 23,262     100%
62 18.7 94,585 5.1 0.11 0.11 0.00 0.11 0.11 51.44 23,384     100%
64 17.4 96,819 5.2 0.11 0.11 0.00 0.11 0.11 51.69 23,495     100%
66 16.1 98,893 5.3 0.11 0.11 0.00 0.11 0.11 51.91 23,596     100%
68 15.0 100,818 5.3 0.11 0.11 0.00 0.11 0.11 52.12 23,689     100%
70 13.9 102,603 5.4 0.11 0.11 0.00 0.11 0.11 52.30 23,774     100%
72 12.9 104,260 5.5 0.11 0.11 0.00 0.11 0.11 52.47 23,851     100%
74 12.0 105,798 5.5 0.11 0.11 0.00 0.11 0.11 52.63 23,922     100%
76 11.1 107,225 5.6 0.11 0.11 0.00 0.11 0.11 52.77 23,987     100%
78 10.3 108,548 5.7 0.11 0.11 0.00 0.11 0.11 52.90 24,047     100%
80 9.6 109,776 5.7 0.11 0.11 0.00 0.11 0.11 53.02 24,102     100%
82 8.9 110,915 5.8 0.11 0.11 0.00 0.11 0.11 53.14 24,153     100%
84 8.3 111,972 5.8 0.11 0.11 0.00 0.11 0.11 53.24 24,199     100%
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86 7.7 112,952 5.8 0.11 0.11 0.00 0.11 0.11 53.33 24,242     100%
88 7.1 113,861 5.9 0.11 0.11 0.00 0.11 0.11 53.42 24,282     100%
90 6.6 114,704 5.9 0.11 0.11 0.00 0.11 0.11 53.50 24,318     100%
92 6.2 115,486 6.0 0.11 0.11 0.00 0.11 0.11 53.57 24,351     100%
94 5.7 116,211 6.0 0.11 0.11 0.00 0.11 0.11 53.64 24,382     100%
96 5.3 116,883 6.0 0.11 0.11 0.00 0.11 0.11 53.70 24,411     100%
98 4.9 117,506 6.0 0.11 0.11 0.00 0.11 0.11 53.76 24,437     100%

100 4.6 118,083 6.1 0.11 0.11 0.00 0.11 0.11 53.82 24,462     100%
102 4.2 118,618 6.1 0.11 0.11 0.00 0.11 0.11 53.87 24,484     100%
104 3.9 119,114 6.1 0.11 0.11 0.00 0.11 0.11 53.91 24,505     100%
106 3.7 119,574 6.1 0.11 0.11 0.00 0.11 0.11 53.95 24,524     100%
108 3.4 119,999 6.1 0.11 0.11 0.00 0.11 0.11 53.99 24,542     100%
110 3.2 120,394 6.2 0.11 0.11 0.00 0.11 0.11 54.03 24,558     100%
112 2.9 120,759 6.2 0.11 0.11 0.00 0.11 0.11 54.06 24,573     100%
114 2.7 121,097 6.2 0.11 0.11 0.00 0.11 0.11 54.09 24,587     100%
116 2.5 121,409 6.2 0.11 0.11 0.00 0.11 0.11 54.12 24,600     100%
118 2.3 121,699 6.2 0.11 0.11 0.00 0.11 0.11 54.15 24,612     100%
120 2.2 121,967 6.2 0.11 0.11 0.00 0.11 0.11 54.17 24,623     100%
122 2.0 122,214 6.2 0.11 0.11 0.00 0.11 0.11 54.19 24,633     100%
124 1.9 122,443 6.2 0.11 0.11 0.00 0.11 0.11 54.21 24,643     100%
126 1.7 122,655 6.2 0.11 0.11 0.00 0.11 0.11 54.23 24,651     100%
128 1.6 122,850 6.3 0.11 0.11 0.00 0.11 0.11 54.25 24,659     100%
130 1.5 123,031 6.3 0.11 0.11 0.00 0.11 0.11 54.27 24,666     100%
132 1.4 123,198 6.3 0.11 0.11 0.00 0.11 0.11 54.28 24,673     100%
134 1.3 123,351 6.3 0.11 0.11 0.00 0.11 0.11 54.29 24,680     100%
136 1.2 123,493 6.3 0.11 0.11 0.00 0.11 0.11 54.31 24,685     100%
138 1.1 123,624 6.3 0.11 0.11 0.00 0.11 0.11 54.32 24,691     100%
140 1.0 123,744 6.3 0.11 0.11 0.00 0.11 0.11 54.33 24,695     100%
142 1.0 123,855 6.3 0.11 0.11 0.00 0.11 0.11 54.34 24,700     100%
144 0.9 123,957 6.3 0.11 0.11 0.00 0.11 0.11 54.35 24,704     100%
146 0.8 124,051 6.3 0.11 0.11 0.00 0.11 0.11 54.36 24,708     100%
148 0.8 124,137 6.3 0.11 0.11 0.00 0.11 0.11 54.36 24,711     100%
150 0.7 124,215 6.3 0.11 0.11 0.00 0.11 0.11 54.37 24,715     100%
152 0.7 124,288 6.3 0.11 0.11 0.00 0.11 0.11 54.38 24,717     100%
154 0.6 124,354 6.3 0.11 0.11 0.00 0.11 0.11 54.38 24,720     100%
156 0.6 124,414 6.3 0.11 0.11 0.00 0.11 0.11 54.39 24,723     100%
158 0.5 124,469 6.3 0.11 0.11 0.00 0.11 0.11 54.39 24,725     100%
160 0.5 124,519 6.3 0.11 0.11 0.00 0.11 0.11 54.40 24,727     100%
162 0.5 124,565 6.3 0.11 0.11 0.00 0.11 0.11 54.40 24,729     100%
164 0.4 124,606 6.3 0.11 0.11 0.00 0.11 0.11 54.41 24,730     100%
166 0.4 124,644 6.3 0.11 0.11 0.00 0.11 0.11 54.41 24,732     100%
168 0.4 124,678 6.3 0.11 0.11 0.00 0.11 0.11 54.41 24,733     100%
170 0.3 124,708 6.3 0.11 0.11 0.00 0.11 0.11 54.42 24,734     100%
172 0.3 124,735 6.3 0.11 0.11 0.00 0.11 0.11 54.42 24,736     100%
174 0.3 124,760 6.3 0.11 0.11 0.00 0.11 0.11 54.42 24,736     100%
176 0.3 124,781 6.3 0.11 0.11 0.00 0.11 0.11 54.42 24,737     100%
178 0.3 124,801 6.3 0.11 0.11 0.00 0.11 0.11 54.42 24,738     100%
180 0.2 124,817 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,739     100%
182 0.2 124,832 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,739     100%
184 0.2 124,844 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,740     100%
186 0.2 124,855 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,740     100%
188 0.2 124,864 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,741     100%
190 0.2 124,872 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,741     100%
192 0.2 124,877 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,741     100%
194 0.1 124,882 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,741     100%
196 0.1 124,885 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,742     100%
198 0.1 124,887 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,742     100%
200 0.1 124,888 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,742     100%
202 0.1 124,888 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,742     100%
204 0.1 124,887 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,742     100%
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Qp = 53.49 cfs Sediment Basin # 1 Colon
Tp = 35.39 minutes Phase 2

dT = Max of 2 minutes 25  -  year Storm Event
or 1.0% of increment to peak

b = 1.3
Number of Riser/Barrel Assemblies 1 Ks = 12,318

Diameter of Barrel = 18 (in)

Height of Riser above barrel = 4.9 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 289.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.0 (ft) elevation 290.00 97% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 290.50 6.8 ft Maximum Stage 289.8 msl elevation

Length of Emergency Spillway = 20 (ft) 10.0 cfs Peak outflow

Diameter of Riser = 54 (in) 10.0 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 283.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFL
OW [cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 0.4 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 1.7 50 0.0 0.00 0.00 0.00 0.00 0.00 11.13 5,061      N/A
6 3.7 251 0.0 0.00 0.00 0.00 0.00 0.00 15.42 7,009      N/A
8 6.5 695 0.1 0.00 0.00 0.00 0.00 0.00 18.97 8,622      N/A

10 9.9 1,471 0.2 0.00 0.00 0.00 0.00 0.00 22.09 10,040     N/A
12 13.8 2,655 0.3 0.00 0.00 0.00 0.00 0.00 24.90 11,319     N/A
14 18.1 4,311 0.4 0.11 0.11 0.00 0.11 0.11 27.48 12,489     100%
16 22.7 6,473 0.6 0.11 0.11 0.00 0.11 0.11 29.84 13,564     100%
18 27.5 9,188 0.8 0.11 0.11 0.00 0.11 0.11 32.04 14,564     100%
20 32.2 12,472 1.0 0.11 0.11 0.00 0.11 0.11 34.09 15,496     100%
22 36.7 16,320 1.3 0.11 0.11 0.00 0.11 0.11 36.01 16,366     100%
24 41.0 20,714 1.5 0.11 0.11 0.00 0.11 0.11 37.79 17,178     100%
26 44.7 25,614 1.8 0.11 0.11 0.00 0.11 0.11 39.46 17,935     100%
28 47.9 30,968 2.1 0.11 0.11 0.00 0.11 0.11 41.01 18,640     100%
30 50.5 36,708 2.4 0.11 0.11 0.00 0.11 0.11 42.45 19,295     100%
32 52.3 42,753 2.7 0.11 0.11 0.00 0.11 0.11 43.78 19,901     100%
34 53.3 49,015 3.0 0.11 0.11 0.00 0.11 0.11 45.02 20,461     100%
36 53.5 55,396 3.3 0.11 0.11 0.00 0.11 0.11 46.15 20,976     100%
38 52.8 61,796 3.6 0.11 0.11 0.00 0.11 0.11 47.18 21,447     100%
40 51.3 68,115 3.9 0.11 0.11 0.00 0.11 0.11 48.13 21,876     100%
42 49.0 74,255 4.2 0.11 0.11 0.00 0.11 0.11 48.98 22,262     100%
44 46.0 80,122 4.4 0.11 0.11 0.00 0.11 0.11 49.74 22,609     100%
46 42.8 85,634 4.7 0.11 0.11 0.00 0.11 0.11 50.42 22,917     100%
48 39.8 90,761 4.9 0.11 0.11 0.00 0.11 0.11 51.02 23,189     100%
50 37.0 95,524 5.1 0.11 0.11 0.00 0.11 0.11 51.55 23,431     100%
52 34.4 99,948 5.3 0.11 0.11 0.00 0.11 0.11 52.02 23,647     100%
54 31.9 104,058 5.5 0.11 0.11 0.00 0.11 0.11 52.45 23,842     100%
56 29.7 107,876 5.6 0.11 0.11 0.00 0.11 0.11 52.84 24,017     100%
58 27.6 111,422 5.8 0.11 0.11 0.00 0.11 0.11 53.18 24,175     100%
60 25.6 114,717 5.9 0.11 0.11 0.00 0.11 0.11 53.50 24,318     100%
62 23.8 117,777 6.0 0.11 0.11 0.00 0.11 0.11 53.79 24,449     100%
64 22.1 120,619 6.2 0.11 0.11 0.00 0.11 0.11 54.05 24,568     100%
66 20.5 123,259 6.3 0.11 0.11 0.00 0.11 0.11 54.29 24,676     100%
68 19.1 125,711 6.4 0.11 0.11 0.00 0.11 0.11 54.50 24,775     100%
70 17.7 127,988 6.5 0.11 0.78 0.00 20.30 0.78 54.70 24,865     100%
72 16.5 130,023 6.5 0.11 2.58 0.00 20.44 2.58 54.88 24,945     100%
74 15.3 131,691 6.6 0.11 4.52 0.00 20.56 4.52 55.02 25,010     99%
76 14.2 132,986 6.7 0.11 6.27 0.00 20.65 6.27 55.13 25,059     99%
78 13.2 133,941 6.7 0.11 7.68 0.00 20.72 7.68 55.21 25,096     98%
80 12.3 134,607 6.7 0.11 8.71 0.00 20.76 8.71 55.27 25,121     98%
82 11.4 135,036 6.7 0.11 9.40 0.00 20.79 9.40 55.30 25,137     98%
84 10.6 135,278 6.8 0.11 9.79 0.00 20.81 9.79 55.32 25,146     97%
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86 9.9 135,375 6.8 0.11 9.95 0.00 20.82 9.95 55.33 25,150     97%
88 9.2 135,363 6.8 0.11 9.93 0.00 20.82 9.93 55.33 25,150     97%
90 8.5 135,269 6.8 0.11 9.78 0.00 20.81 9.78 55.32 25,146     97%
92 7.9 135,117 6.7 0.11 9.53 0.00 20.80 9.53 55.31 25,140     97%
94 7.3 134,922 6.7 0.11 9.21 0.00 20.79 9.21 55.29 25,133     98%
96 6.8 134,697 6.7 0.11 8.85 0.00 20.77 8.85 55.27 25,125     98%
98 6.3 134,454 6.7 0.11 8.47 0.00 20.75 8.47 55.25 25,115     98%

100 5.9 134,199 6.7 0.11 8.07 0.00 20.74 8.07 55.23 25,106     98%
102 5.5 133,937 6.7 0.11 7.67 0.00 20.72 7.67 55.21 25,096     98%
104 5.1 133,674 6.7 0.11 7.27 0.00 20.70 7.27 55.19 25,086     98%
106 4.7 133,411 6.7 0.11 6.88 0.00 20.68 6.88 55.17 25,076     99%
108 4.4 133,152 6.7 0.11 6.51 0.00 20.66 6.51 55.14 25,066     99%
110 4.1 132,898 6.7 0.11 6.15 0.00 20.64 6.15 55.12 25,056     99%
112 3.8 132,650 6.6 0.11 5.80 0.00 20.63 5.80 55.10 25,047     99%
114 3.5 132,410 6.6 0.11 5.47 0.00 20.61 5.47 55.08 25,037     99%
116 3.3 132,176 6.6 0.11 5.15 0.00 20.59 5.15 55.06 25,028     99%
118 3.0 131,950 6.6 0.11 4.86 0.00 20.58 4.86 55.04 25,020     99%
120 2.8 131,732 6.6 0.11 4.58 0.00 20.56 4.58 55.02 25,011     99%
122 2.6 131,522 6.6 0.11 4.31 0.00 20.55 4.31 55.01 25,003     99%
124 2.4 131,320 6.6 0.11 4.06 0.00 20.53 4.06 54.99 24,995     99%
126 2.3 131,126 6.6 0.11 3.82 0.00 20.52 3.82 54.97 24,988     99%
128 2.1 130,940 6.6 0.11 3.60 0.00 20.51 3.60 54.96 24,981     100%
130 2.0 130,760 6.6 0.11 3.39 0.00 20.50 3.39 54.94 24,974     100%
132 1.8 130,588 6.6 0.11 3.19 0.00 20.48 3.19 54.93 24,967     100%
134 1.7 130,423 6.6 0.11 3.01 0.00 20.47 3.01 54.91 24,961     100%
136 1.6 130,265 6.6 0.11 2.83 0.00 20.46 2.83 54.90 24,954     100%
138 1.5 130,113 6.5 0.11 2.67 0.00 20.45 2.67 54.89 24,948     100%
140 1.4 129,968 6.5 0.11 2.52 0.00 20.44 2.52 54.87 24,943     100%
142 1.3 129,828 6.5 0.11 2.37 0.00 20.43 2.37 54.86 24,937     100%
144 1.2 129,695 6.5 0.11 2.24 0.00 20.42 2.24 54.85 24,932     100%
146 1.1 129,566 6.5 0.11 2.11 0.00 20.41 2.11 54.84 24,927     100%
148 1.0 129,444 6.5 0.11 1.99 0.00 20.40 1.99 54.83 24,922     100%
150 0.9 129,326 6.5 0.11 1.88 0.00 20.39 1.88 54.82 24,918     100%
152 0.9 129,213 6.5 0.11 1.77 0.00 20.39 1.77 54.81 24,913     100%
154 0.8 129,105 6.5 0.11 1.67 0.00 20.38 1.67 54.80 24,909     100%
156 0.8 129,001 6.5 0.11 1.58 0.00 20.37 1.58 54.79 24,905     100%
158 0.7 128,902 6.5 0.11 1.49 0.00 20.36 1.49 54.78 24,901     100%
160 0.7 128,806 6.5 0.11 1.41 0.00 20.36 1.41 54.77 24,897     100%
162 0.6 128,715 6.5 0.11 1.34 0.00 20.35 1.34 54.77 24,894     100%
164 0.6 128,627 6.5 0.11 1.26 0.00 20.34 1.26 54.76 24,890     100%
166 0.5 128,543 6.5 0.11 1.19 0.00 20.34 1.19 54.75 24,887     100%
168 0.5 128,462 6.5 0.11 1.13 0.00 20.33 1.13 54.74 24,884     100%
170 0.5 128,384 6.5 0.11 1.07 0.00 20.33 1.07 54.74 24,881     100%
172 0.4 128,310 6.5 0.11 1.01 0.00 20.32 1.01 54.73 24,878     100%
174 0.4 128,239 6.5 0.11 0.96 0.00 20.32 0.96 54.73 24,875     100%
176 0.4 128,170 6.5 0.11 0.91 0.00 20.31 0.91 54.72 24,872     100%
178 0.3 128,104 6.5 0.11 0.86 0.00 20.31 0.86 54.71 24,870     100%
180 0.3 128,041 6.5 0.11 0.82 0.00 20.30 0.82 54.71 24,867     100%
182 0.3 127,980 6.5 0.11 0.78 0.00 20.30 0.78 54.70 24,865     100%
184 0.3 127,922 6.5 0.11 0.74 0.00 20.29 0.74 54.70 24,863     100%
186 0.3 127,866 6.5 0.11 0.70 0.00 20.29 0.70 54.69 24,860     100%
188 0.2 127,812 6.5 0.11 0.66 0.00 20.29 0.66 54.69 24,858     100%
190 0.2 127,760 6.4 0.11 0.63 0.00 20.28 0.63 54.68 24,856     100%
192 0.2 127,710 6.4 0.11 0.60 0.00 20.28 0.60 54.68 24,854     100%
194 0.2 127,662 6.4 0.11 0.57 0.00 20.27 0.57 54.68 24,852     100%
196 0.2 127,616 6.4 0.11 0.54 0.00 20.27 0.54 54.67 24,850     100%
198 0.2 127,571 6.4 0.11 0.52 0.00 20.27 0.52 54.67 24,849     100%
200 0.1 127,528 6.4 0.11 0.49 0.00 20.27 0.49 54.66 24,847     100%
202 0.1 127,487 6.4 0.11 0.47 0.00 20.26 0.47 54.66 24,845     100%
204 0.1 127,447 6.4 0.11 0.45 0.00 20.26 0.45 54.66 24,844     100%
206 0.1 127,409 6.4 0.11 0.43 0.00 20.26 0.43 54.65 24,842     100%
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Qp = 70.1 cfs Sediment Basin # 1 Colon
Tp = 35.9 minutes Phase 2

dT = Max of 2 minutes 100  -  year Storm Event
or 1.0% of increment to peak

b = 1.3
Number of Riser/Barrel Assemblies 1 Ks = 12,318

Diameter of Barrel = 18 (in)

Height of Riser above barrel = 4.9 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 289.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.0 (ft) elevation 290.00 88% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 290.50 7.2 ft Maximum Stage 290.2 msl elevation

Length of Emergency Spillway = 20 (ft) 27.4 cfs Peak outflow

Diameter of Riser = 54 (in) 21.6 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 283.0 5.8 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 0.5 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 2.1 64 0.0 0.00 0.00 0.00 0.00 0.00 11.69 5,315        N/A
6 4.7 319 0.1 0.00 0.00 0.00 0.00 0.00 16.19 7,361        N/A
8 8.2 885 0.1 0.00 0.00 0.00 0.00 0.00 19.92 9,056        N/A

10 12.6 1,874 0.2 0.00 0.00 0.00 0.00 0.00 23.20 10,545       N/A
12 17.6 3,383 0.4 0.11 0.11 0.00 0.11 0.11 26.16 11,889       100%
14 23.2 5,482 0.5 0.11 0.11 0.00 0.11 0.11 28.85 13,114       100%
16 29.1 8,248 0.7 0.11 0.11 0.00 0.11 0.11 31.35 14,248       100%
18 35.2 11,724 1.0 0.11 0.11 0.00 0.11 0.11 33.67 15,303       100%
20 41.3 15,932 1.2 0.11 0.11 0.00 0.11 0.11 35.83 16,286       100%
22 47.2 20,872 1.5 0.11 0.11 0.00 0.11 0.11 37.85 17,204       100%
24 52.7 26,521 1.8 0.11 0.11 0.00 0.11 0.11 39.74 18,062       100%
26 57.7 32,834 2.2 0.11 0.11 0.00 0.11 0.11 41.50 18,863       100%
28 62.0 39,747 2.5 0.11 0.11 0.00 0.11 0.11 43.14 19,609       100%
30 65.5 47,175 2.9 0.11 0.11 0.00 0.11 0.11 44.67 20,303       100%
32 68.0 55,022 3.3 0.11 0.11 0.00 0.11 0.11 46.08 20,948       100%
34 69.6 63,174 3.7 0.11 0.11 0.00 0.11 0.11 47.40 21,544       100%
36 70.1 71,510 4.1 0.11 0.11 0.00 0.11 0.11 48.60 22,093       100%
38 69.5 79,905 4.4 0.11 0.11 0.00 0.11 0.11 49.71 22,596       100%
40 67.8 88,229 4.8 0.11 0.11 0.00 0.11 0.11 50.72 23,056       100%
42 65.2 96,357 5.2 0.11 0.11 0.00 0.11 0.11 51.64 23,472       100%
44 61.6 104,168 5.5 0.11 0.11 0.00 0.11 0.11 52.46 23,847       100%
46 57.5 111,551 5.8 0.11 0.11 0.00 0.11 0.11 53.20 24,181       100%
48 53.5 118,437 6.1 0.11 0.11 0.00 0.11 0.11 53.85 24,477       100%
50 49.7 124,842 6.3 0.11 0.11 0.00 0.11 0.11 54.43 24,740       100%
52 46.3 130,798 6.6 0.11 3.43 0.00 20.50 3.43 54.95 24,975       100%
54 43.0 135,939 6.8 0.11 10.90 0.00 20.86 10.90 55.38 25,171       97%
56 40.0 139,795 6.9 0.11 18.09 0.00 21.12 18.09 55.69 25,315       93%
58 37.2 142,428 7.0 0.11 23.63 0.37 21.29 21.66 55.90 25,411       91%
60 34.6 144,298 7.1 0.11 27.84 2.10 21.42 23.51 56.05 25,478       90%
62 32.2 145,632 7.2 0.11 30.97 3.81 21.51 25.32 56.16 25,526       89%
64 30.0 146,460 7.2 0.11 32.97 5.03 21.56 26.59 56.22 25,555       88%
66 27.9 146,865 7.2 0.11 33.96 5.67 21.59 27.26 56.25 25,570       88%
68 25.9 146,939 7.2 0.11 34.14 5.79 21.59 27.38 56.26 25,572       88%
70 24.1 146,765 7.2 0.11 33.71 5.51 21.58 27.09 56.25 25,566       88%
72 22.4 146,408 7.2 0.11 32.84 4.95 21.56 26.51 56.22 25,553       88%
74 20.9 145,918 7.2 0.11 31.66 4.22 21.53 25.75 56.18 25,536       89%
76 19.4 145,332 7.1 0.11 30.26 3.40 21.49 24.88 56.13 25,515       89%
78 18.1 144,675 7.1 0.11 28.71 2.55 21.44 23.99 56.08 25,492       90%
80 16.8 143,962 7.1 0.11 27.07 1.72 21.40 23.12 56.03 25,466       90%
82 15.6 143,203 7.1 0.11 25.35 0.97 21.35 22.31 55.97 25,439       91%
84 14.5 142,399 7.0 0.11 23.57 0.35 21.29 21.64 55.90 25,410       91%

SB 01.xlsx SB 100-yr HG (P2)
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86 13.5 141,546 7.0 0.11 21.72 0.00 21.24 21.24 55.83 25,379       91%
88 12.6 140,619 7.0 0.11 19.77 0.00 21.17 19.77 55.76 25,345       92%
90 11.7 139,754 6.9 0.11 18.01 0.00 21.12 18.01 55.69 25,313       93%
92 10.9 138,996 6.9 0.11 16.51 0.00 21.06 16.51 55.63 25,285       94%
94 10.1 138,320 6.9 0.11 15.20 0.00 21.02 15.20 55.57 25,260       95%
96 9.4 137,709 6.8 0.11 14.06 0.00 20.98 14.06 55.52 25,238       95%
98 8.7 137,151 6.8 0.11 13.03 0.00 20.94 13.03 55.48 25,217       96%

100 8.1 136,637 6.8 0.11 12.12 0.00 20.90 12.12 55.43 25,198       96%
102 7.6 136,160 6.8 0.11 11.28 0.00 20.87 11.28 55.40 25,180       97%
104 7.0 135,714 6.8 0.11 10.52 0.00 20.84 10.52 55.36 25,163       97%
106 6.5 135,296 6.8 0.11 9.83 0.00 20.81 9.83 55.32 25,147       97%
108 6.1 134,903 6.7 0.11 9.18 0.00 20.78 9.18 55.29 25,132       98%
110 5.7 134,532 6.7 0.11 8.59 0.00 20.76 8.59 55.26 25,118       98%
112 5.3 134,181 6.7 0.11 8.04 0.00 20.73 8.04 55.23 25,105       98%
114 4.9 133,848 6.7 0.11 7.54 0.00 20.71 7.54 55.20 25,092       98%
116 4.6 133,532 6.7 0.11 7.06 0.00 20.69 7.06 55.18 25,080       98%
118 4.2 133,232 6.7 0.11 6.62 0.00 20.67 6.62 55.15 25,069       99%
120 3.9 132,946 6.7 0.11 6.21 0.00 20.65 6.21 55.13 25,058       99%
122 3.7 132,674 6.6 0.11 5.83 0.00 20.63 5.83 55.10 25,047       99%
124 3.4 132,414 6.6 0.11 5.48 0.00 20.61 5.48 55.08 25,037       99%
126 3.2 132,167 6.6 0.11 5.14 0.00 20.59 5.14 55.06 25,028       99%
128 3.0 131,931 6.6 0.11 4.83 0.00 20.58 4.83 55.04 25,019       99%
130 2.7 131,705 6.6 0.11 4.54 0.00 20.56 4.54 55.02 25,010       99%
132 2.6 131,490 6.6 0.11 4.27 0.00 20.55 4.27 55.00 25,002       99%
134 2.4 131,284 6.6 0.11 4.01 0.00 20.53 4.01 54.99 24,994       99%
136 2.2 131,088 6.6 0.11 3.78 0.00 20.52 3.78 54.97 24,986       100%
138 2.1 130,900 6.6 0.11 3.55 0.00 20.50 3.55 54.95 24,979       100%
140 1.9 130,720 6.6 0.11 3.34 0.00 20.49 3.34 54.94 24,972       100%
142 1.8 130,548 6.6 0.11 3.15 0.00 20.48 3.15 54.92 24,965       100%
144 1.7 130,384 6.6 0.11 2.96 0.00 20.47 2.96 54.91 24,959       100%
146 1.5 130,227 6.5 0.11 2.79 0.00 20.46 2.79 54.90 24,953       100%
148 1.4 130,076 6.5 0.11 2.63 0.00 20.45 2.63 54.88 24,947       100%
150 1.3 129,932 6.5 0.11 2.48 0.00 20.44 2.48 54.87 24,941       100%
152 1.2 129,794 6.5 0.11 2.34 0.00 20.43 2.34 54.86 24,936       100%
154 1.2 129,662 6.5 0.11 2.21 0.00 20.42 2.21 54.85 24,931       100%
156 1.1 129,536 6.5 0.11 2.08 0.00 20.41 2.08 54.84 24,926       100%
158 1.0 129,415 6.5 0.11 1.96 0.00 20.40 1.96 54.83 24,921       100%
160 0.9 129,299 6.5 0.11 1.85 0.00 20.39 1.85 54.82 24,917       100%
162 0.9 129,187 6.5 0.11 1.75 0.00 20.38 1.75 54.81 24,912       100%
164 0.8 129,081 6.5 0.11 1.65 0.00 20.38 1.65 54.80 24,908       100%
166 0.7 128,979 6.5 0.11 1.56 0.00 20.37 1.56 54.79 24,904       100%
168 0.7 128,881 6.5 0.11 1.48 0.00 20.36 1.48 54.78 24,900       100%
170 0.6 128,787 6.5 0.11 1.40 0.00 20.36 1.40 54.77 24,897       100%
172 0.6 128,697 6.5 0.11 1.32 0.00 20.35 1.32 54.76 24,893       100%
174 0.6 128,610 6.5 0.11 1.25 0.00 20.34 1.25 54.76 24,890       100%
176 0.5 128,527 6.5 0.11 1.18 0.00 20.34 1.18 54.75 24,886       100%
178 0.5 128,448 6.5 0.11 1.12 0.00 20.33 1.12 54.74 24,883       100%
180 0.4 128,371 6.5 0.11 1.06 0.00 20.33 1.06 54.74 24,880       100%
182 0.4 128,298 6.5 0.11 1.00 0.00 20.32 1.00 54.73 24,877       100%
184 0.4 128,228 6.5 0.11 0.95 0.00 20.32 0.95 54.72 24,875       100%
186 0.4 128,160 6.5 0.11 0.90 0.00 20.31 0.90 54.72 24,872       100%
188 0.3 128,095 6.5 0.11 0.86 0.00 20.31 0.86 54.71 24,869       100%
190 0.3 128,033 6.5 0.11 0.81 0.00 20.30 0.81 54.71 24,867       100%
192 0.3 127,973 6.5 0.11 0.77 0.00 20.30 0.77 54.70 24,865       100%
194 0.3 127,915 6.5 0.11 0.73 0.00 20.29 0.73 54.70 24,862       100%
196 0.3 127,860 6.5 0.11 0.70 0.00 20.29 0.70 54.69 24,860       100%
198 0.2 127,806 6.5 0.11 0.66 0.00 20.29 0.66 54.69 24,858       100%
200 0.2 127,755 6.4 0.11 0.63 0.00 20.28 0.63 54.68 24,856       100%
202 0.2 127,706 6.4 0.11 0.60 0.00 20.28 0.60 54.68 24,854       100%
204 0.2 127,658 6.4 0.11 0.57 0.00 20.27 0.57 54.67 24,852       100%

SB 01.xlsx SB 100-yr HG (P2)



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100 120 140 160 180

S
ta

ge
 (

fe
et

)

F
LO

W
 (

cf
s)

TIME (min)

Sediment Basin #1 Colon Mine Phase 2  Hydrograph
100-Yr Storm

OUTFLOW

INFLOW [cfs]

STAGE [ft]



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #2 Sheet:   1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1 2 2 2

Storm Event (yrs) = 10 10 25 100
Total Drainage Area A (ac) = 17.6 14.8 14.8 14.8

Disturbed Area (ac) = 17.6 14.8 14.8 14.8
Curve Number CN = 86 87 87 87 Hydrographs

Rainfall Depth P (in) = 5.28 5.28 6.28 7.88 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 101.32 79.90 98.71 128.64 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 31,680 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 44,074 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

259 0 0 - - -
259 0 37,790 0 0 0
260 1 40,921 39,345 39,345 1,457
261 2 44,109 42,505 81,850 3,031
262 3 47,355 45,722 127,573 4,725
263 4 50,658 48,997 176,570 6,540
264 5 54,018 52,329 228,899 8,478
265 6 57,435 55,718 284,617 10,541

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 127,573 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 47,355 Required Surface Area Achieved

SB Dims
SB 02.xlsx



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #2 Sheet:   2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 127,573
Number of Skimmers 2

Days to Drain = 5 assumed
Q each (cf/day) = 12,757 0.15 cfs

Selected Skimmer Size (inches) = 4
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 3.1

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1 2 2 2
Storm Event (yrs) = 10 10 25 100

S = 1.63 1.49 1.49 1.49
Runoff Depth Q* (inches) = 3.73 3.83 4.79 6.33

Time to Peak Tp (min) = 28.19 30.89 31.23 31.71

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 127,573

Z2 (ft) = 6 S2 (cf) = 284,617

b = ln(S2/S1)/ln(Z2/Z1) = 1.2 Ref 2, III-8

KS = S2/Z2
b = 35,760

SB Dims
SB 02.xlsx
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Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #2 Sheet:   3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 6.00

Set Top of Dam at (ft) = 7.00

Emergency Spillway
QE (cfs) = 100-Yr Storm

QE (cfs) = 0.0
Cross Section = Trapezoid

Channel Side Slope (z) = 5 (enter X for X:1)
n = 0.03 Grass Lined

Vp (ft/sec) = 5.0 Permissible Velocity for lining Ref 2, II-7

Allowable Shear Stress (psf) = 2.0 Allowable Shear Stress for lining
Bottom Width, b (ft) = 15

Calculate Required Depth of Spillway:
Normal-Depth Procedure

AR2/3=Qn/1.49s0.5 Q=VA

Zreq=Qn/1.49s0.5 Area (A)= bd+z(d^2)

Zav=AR2/3 R=Area/(b+2d((z^2)+1)^.5)

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

Channel Slope Depth, d A V T
ft/ft (ft) (sf) Zreq R Z avail (ft/sec) (psf)
0.01 0.00 0.00 0.00 0.00 0.00 0.0 0.0
0.02 0.00 0.00 0.00 0.00 0.00 0.0 0.0

Construct the channel to be : 15 ft, Bottom Width (measured at top of lining)
1.0 ft, depth (measured at top of lining)
1% slope

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 4
Use Anti-Seep Collar Size (ft)  = 4 x 4

See Hydrograph

SB Dims
SB 02.xlsx
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Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #2 Sheet:   4 Of:    4

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 60 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 102.10 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 2.69
Width & Length (ft) = 6

Thickness (ft) = 2.0

Anti-Vortex Device:
Diameter of Riser (in) = 60 From Hydrograph

Cylinder Diameter (in) = 90 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 14
Cylinder Height (in) = 29

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 12 6 * Barrel Diameter
QB (cfs) = 3.8 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

3.8 1.24 0.25 3.3 0.23 1.24 1.1

Flow Depth = Tailwater, d (ft) = 0.25 0.5* Barrel Diameter (ft) = 1.00 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

2 6 10 12 0.3 Class A

Conclusion
The basin can contain the 10-yr storm and pass the 100-yr storm without overtopping the berm.
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    1 Of    2

Diameter of Riser (in) = 60
Circumference of Riser (in) = 188.5

Height of Riser from bottom of barrel (in) = 62 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 2 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.30 0.30
0.39 0.00 0.00 0.00 0.30 0.30
0.44 0.00 0.00 0.00 0.30 0.30
0.49 0.00 0.00 0.00 0.30 0.30
0.54 0.00 0.00 0.00 0.30 0.30
0.59 0.00 0.00 0.00 0.30 0.30
0.64 0.00 0.00 0.00 0.30 0.30
0.69 0.00 0.00 0.00 0.30 0.30
0.74 0.00 0.00 0.00 0.30 0.30
0.79 0.00 0.00 0.00 0.30 0.30
0.84 0.00 0.00 0.00 0.30 0.30
0.89 0.00 0.00 0.00 0.30 0.30
0.94 0.00 0.00 0.00 0.30 0.30
0.99 0.00 0.00 0.00 0.30 0.30
1.04 0.00 0.00 0.00 0.30 0.30
1.09 0.00 0.00 0.00 0.30 0.30
1.14 0.00 0.00 0.00 0.30 0.30
1.19 0.00 0.00 0.00 0.30 0.30
1.24 0.00 0.00 0.00 0.30 0.30
1.29 0.00 0.00 0.00 0.30 0.30
1.34 0.00 0.00 0.00 0.30 0.30
1.39 0.00 0.00 0.00 0.30 0.30
1.44 0.00 0.00 0.00 0.30 0.30
1.49 0.00 0.00 0.00 0.30 0.30
1.54 0.00 0.00 0.00 0.30 0.30
1.59 0.00 0.00 0.00 0.30 0.30

Perforations

Pipe Perf-Skimmer SB 02.xlsx
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Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    2 Of    2

1.64 0.00 0.00 0.00 0.30 0.30
1.69 0.00 0.00 0.00 0.30 0.30
1.74 0.00 0.00 0.00 0.30 0.30
1.79 0.00 0.00 0.00 0.30 0.30
1.84 0.00 0.00 0.00 0.30 0.30
1.89 0.00 0.00 0.00 0.30 0.30
1.94 0.00 0.00 0.00 0.30 0.30
1.99 0.00 0.00 0.00 0.30 0.30
2.04 0.00 0.00 0.00 0.30 0.30
2.09 0.00 0.00 0.00 0.30 0.30
2.14 0.00 0.00 0.00 0.30 0.30
2.19 0.00 0.00 0.00 0.30 0.30
2.24 0.00 0.00 0.00 0.30 0.30
2.29 0.00 0.00 0.00 0.30 0.30
2.34 0.00 0.00 0.00 0.30 0.30
2.39 0.00 0.00 0.00 0.30 0.30
2.44 0.00 0.00 0.00 0.30 0.30
2.49 0.00 0.00 0.00 0.30 0.30
2.54 0.00 0.00 0.00 0.30 0.30
2.59 0.00 0.00 0.00 0.30 0.30
2.64 0.00 0.00 0.00 0.30 0.30
2.69 0.00 0.00 0.00 0.30 0.30
2.74 0.00 0.00 0.00 0.30 0.30
2.79 0.00 0.00 0.00 0.30 0.30
2.84 0.00 0.00 0.00 0.30 0.30
2.89 0.00 0.00 0.00 0.30 0.30
2.94 0.00 0.00 0.00 0.30 0.30
2.99 0.00 0.00 0.00 0.30 0.30
3.04 0.00 0.00 0.00 0.30 0.30
3.09 0.00 0.00 0.00 0.30 0.30
3.14 0.00 0.00 0.00 0.30 0.30
3.19 0.00 0.00 0.00 0.30 0.30
3.24 0.00 0.00 0.00 0.30 0.30
3.29 0.00 0.00 0.00 0.30 0.30
3.34 0.00 0.00 0.00 0.30 0.30
3.39 0.00 0.00 0.00 0.30 0.30
3.44 0.00 0.00 0.00 0.30 0.30
3.49 0.00 0.00 0.00 0.30 0.30
3.54 0.00 0.00 0.00 0.30 0.30
3.59 0.00 0.00 0.00 0.30 0.30
3.64 0.00 0.00 0.00 0.30 0.30
3.69 0.00 0.00 0.00 0.30 0.30
3.74 0.00 0.00 0.00 0.30 0.30
3.79 0.00 0.00 0.00 0.30 0.30
3.84 0.00 0.00 0.00 0.30 0.30
3.89 0.00 0.00 0.00 0.30 0.30
3.94 0.00 0.00 0.00 0.30 0.30
3.99 0.00 0.00 0.00 0.30 0.30
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Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _1__of __2_

Qp = 101.32 cfs Sediment Basin # 2 Colon
Tp = 28.19 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.2
Number of Riser/Barrel Assemblies 2 Ks = 35,760

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.2 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.2 (ft) elevation 264.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 265.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 266.00 5.1 ft Maximum Stage 264.06 msl elevation

Length of Emergency Spillway = 15 (ft) 0.6 cfs Peak outflow

Diameter of Riser = 60 (in) 0.6 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 259.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 4.9 150 0.0 0.00 0.00 0.00 0.00 0.00 43.22 19,647     N/A
6 10.9 744 0.0 0.00 0.00 0.00 0.00 0.00 53.74 24,429     N/A
8 18.8 2,053 0.1 0.00 0.00 0.00 0.00 0.00 61.71 28,050     N/A

10 28.3 4,312 0.2 0.00 0.00 0.00 0.00 0.00 68.28 31,035     N/A
12 38.9 7,712 0.3 0.00 0.00 0.00 0.00 0.00 73.90 33,592     N/A
14 50.1 12,383 0.4 0.30 0.30 0.00 0.30 0.59 78.83 35,830     100%
16 61.3 18,326 0.6 0.30 0.30 0.00 0.30 0.59 83.15 37,796     100%
18 72.0 25,613 0.7 0.30 0.30 0.00 0.30 0.59 87.03 39,559     100%
20 81.6 34,183 1.0 0.30 0.30 0.00 0.30 0.59 90.52 41,145     100%
22 89.7 43,907 1.2 0.30 0.30 0.00 0.30 0.59 93.66 42,573     100%
24 95.9 54,603 1.4 0.30 0.30 0.00 0.30 0.59 96.48 43,856     100%
26 99.8 66,039 1.7 0.30 0.30 0.00 0.30 0.59 99.02 45,007     100%
28 101.3 77,946 2.0 0.30 0.30 0.00 0.30 0.59 101.28 46,035     100%
30 100.3 90,032 2.2 0.30 0.30 0.00 0.30 0.59 103.28 46,948     100%
32 96.8 101,997 2.5 0.30 0.30 0.00 0.30 0.59 105.06 47,752     100%
34 91.1 113,546 2.7 0.30 0.30 0.00 0.30 0.59 106.60 48,455     100%
36 83.6 124,405 2.9 0.30 0.30 0.00 0.30 0.59 107.94 49,062     100%
38 76.3 134,368 3.1 0.30 0.30 0.00 0.30 0.59 109.08 49,580     100%
40 69.5 143,448 3.3 0.30 0.30 0.00 0.30 0.59 110.05 50,023     100%
42 63.4 151,721 3.5 0.30 0.30 0.00 0.30 0.59 110.89 50,407     100%
44 57.8 159,259 3.6 0.30 0.30 0.00 0.30 0.59 111.63 50,741     100%
46 52.7 166,127 3.8 0.30 0.30 0.00 0.30 0.59 112.27 51,033     100%
48 48.1 172,384 3.9 0.30 0.30 0.00 0.30 0.59 112.84 51,291     100%
50 43.8 178,083 4.0 0.30 0.30 0.00 0.30 0.59 113.34 51,519     100%
52 40.0 183,274 4.1 0.30 0.30 0.00 0.30 0.59 113.79 51,721     100%
54 36.5 188,001 4.2 0.30 0.30 0.00 0.30 0.59 114.18 51,901     100%
56 33.3 192,306 4.3 0.30 0.30 0.00 0.30 0.59 114.53 52,061     100%
58 30.3 196,225 4.4 0.30 0.30 0.00 0.30 0.59 114.85 52,204     100%
60 27.7 199,793 4.4 0.30 0.30 0.00 0.30 0.59 115.13 52,332     100%
62 25.2 203,040 4.5 0.30 0.30 0.00 0.30 0.59 115.38 52,448     100%
64 23.0 205,995 4.5 0.30 0.30 0.00 0.30 0.59 115.61 52,551     100%
66 21.0 208,684 4.6 0.30 0.30 0.00 0.30 0.59 115.82 52,644     100%
68 19.1 211,129 4.6 0.30 0.30 0.00 0.30 0.59 116.00 52,727     100%
70 17.4 213,353 4.7 0.30 0.30 0.00 0.30 0.59 116.17 52,803     100%
72 15.9 215,374 4.7 0.30 0.30 0.00 0.30 0.59 116.32 52,871     100%
74 14.5 217,211 4.8 0.30 0.30 0.00 0.30 0.59 116.45 52,932     100%
76 13.2 218,881 4.8 0.30 0.30 0.00 0.30 0.59 116.57 52,987     100%
78 12.1 220,396 4.8 0.30 0.30 0.00 0.30 0.59 116.68 53,037     100%
80 11.0 221,772 4.8 0.30 0.30 0.00 0.30 0.59 116.78 53,082     100%
82 10.0 223,021 4.9 0.30 0.30 0.00 0.30 0.59 116.87 53,122     100%
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84 9.1 224,153 4.9 0.30 0.30 0.00 0.30 0.59 116.95 53,159     100%
86 8.3 225,180 4.9 0.30 0.30 0.00 0.30 0.59 117.02 53,192     100%
88 7.6 226,110 4.9 0.30 0.30 0.00 0.30 0.59 117.09 53,222     100%
90 6.9 226,951 4.9 0.30 0.30 0.00 0.30 0.59 117.15 53,249     100%
92 6.3 227,712 4.9 0.30 0.30 0.00 0.30 0.59 117.20 53,273     100%
94 5.8 228,400 5.0 0.30 0.30 0.00 0.30 0.59 117.25 53,295     100%
96 5.3 229,021 5.0 0.30 0.30 0.00 0.30 0.59 117.29 53,315     100%
98 4.8 229,581 5.0 0.30 0.30 0.00 0.30 0.59 117.33 53,333     100%

100 4.4 230,086 5.0 0.30 0.30 0.00 0.30 0.59 117.37 53,349     100%
102 4.0 230,540 5.0 0.30 0.30 0.00 0.30 0.59 117.40 53,363     100%
104 3.6 230,947 5.0 0.30 0.30 0.00 0.30 0.59 117.43 53,376     100%
106 3.3 231,313 5.0 0.30 0.30 0.00 0.30 0.59 117.45 53,387     100%
108 3.0 231,640 5.0 0.30 0.30 0.00 0.30 0.59 117.47 53,398     100%
110 2.8 231,932 5.0 0.30 0.30 0.00 0.30 0.59 117.49 53,407     100%
112 2.5 232,192 5.0 0.30 0.30 0.00 0.30 0.59 117.51 53,415     100%
114 2.3 232,422 5.0 0.30 0.30 0.00 0.30 0.59 117.53 53,422     100%
116 2.1 232,627 5.0 0.30 0.30 0.00 0.30 0.59 117.54 53,428     100%
118 1.9 232,807 5.0 0.30 0.30 0.00 0.30 0.59 117.55 53,434     100%
120 1.7 232,965 5.0 0.30 0.30 0.00 0.30 0.59 117.57 53,439     100%
122 1.6 233,102 5.0 0.30 0.30 0.00 0.30 0.59 117.58 53,443     100%
124 1.4 233,222 5.1 0.30 0.30 0.00 0.30 0.59 117.58 53,447     100%
126 1.3 233,325 5.1 0.30 0.30 0.00 0.30 0.59 117.59 53,450     100%
128 1.2 233,412 5.1 0.30 0.30 0.00 0.30 0.59 117.60 53,453     100%
130 1.1 233,485 5.1 0.30 0.30 0.00 0.30 0.59 117.60 53,455     100%
132 1.0 233,546 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,457     100%
134 0.9 233,595 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,459     100%
136 0.8 233,634 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,460     100%
138 0.8 233,663 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,461     100%
140 0.7 233,683 5.1 0.30 0.30 0.00 0.30 0.59 117.62 53,461     100%
142 0.6 233,695 5.1 0.30 0.30 0.00 0.30 0.59 117.62 53,462     100%
144 0.6 233,700 5.1 0.30 0.30 0.00 0.30 0.59 117.62 53,462     100%
146 0.5 233,698 5.1 0.30 0.30 0.00 0.30 0.59 117.62 53,462     100%
148 0.5 233,690 5.1 0.30 0.30 0.00 0.30 0.59 117.62 53,462     100%
150 0.4 233,676 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,461     100%
152 0.4 233,658 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,461     100%
154 0.4 233,634 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,460     100%
156 0.3 233,607 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,459     100%
158 0.3 233,576 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,458     100%
160 0.3 233,541 5.1 0.30 0.30 0.00 0.30 0.59 117.61 53,457     100%
162 0.3 233,503 5.1 0.30 0.30 0.00 0.30 0.59 117.60 53,456     100%
164 0.2 233,463 5.1 0.30 0.30 0.00 0.30 0.59 117.60 53,455     100%
166 0.2 233,419 5.1 0.30 0.30 0.00 0.30 0.59 117.60 53,453     100%
168 0.2 233,373 5.1 0.30 0.30 0.00 0.30 0.59 117.59 53,452     100%
170 0.2 233,325 5.1 0.30 0.30 0.00 0.30 0.59 117.59 53,450     100%
172 0.2 233,275 5.1 0.30 0.30 0.00 0.30 0.59 117.59 53,449     100%
174 0.1 233,223 5.1 0.30 0.30 0.00 0.30 0.59 117.58 53,447     100%
176 0.1 233,170 5.1 0.30 0.30 0.00 0.30 0.59 117.58 53,445     100%
178 0.1 233,115 5.0 0.30 0.30 0.00 0.30 0.59 117.58 53,444     100%
180 0.1 233,058 5.0 0.30 0.30 0.00 0.30 0.59 117.57 53,442     100%
182 0.1 233,000 5.0 0.30 0.30 0.00 0.30 0.59 117.57 53,440     100%
184 0.1 232,941 5.0 0.30 0.30 0.00 0.30 0.59 117.56 53,438     100%
186 0.1 232,881 5.0 0.30 0.30 0.00 0.30 0.59 117.56 53,436     100%
188 0.1 232,821 5.0 0.30 0.30 0.00 0.30 0.59 117.56 53,435     100%
190 0.1 232,759 5.0 0.30 0.30 0.00 0.30 0.59 117.55 53,433     100%
192 0.1 232,696 5.0 0.30 0.30 0.00 0.30 0.59 117.55 53,431     100%
194 0.1 232,633 5.0 0.30 0.30 0.00 0.30 0.59 117.54 53,429     100%
196 0.1 232,569 5.0 0.30 0.30 0.00 0.30 0.59 117.54 53,427     100%
198 0.0 232,504 5.0 0.30 0.30 0.00 0.30 0.59 117.53 53,425     100%
200 0.0 232,439 5.0 0.30 0.30 0.00 0.30 0.59 117.53 53,423     100%
202 0.0 232,373 5.0 0.30 0.30 0.00 0.30 0.59 117.53 53,421     100%
204 0.0 232,307 5.0 0.30 0.30 0.00 0.30 0.59 117.52 53,418     100%
206 0.0 232,241 5.0 0.30 0.30 0.00 0.30 0.59 117.52 53,416     100%
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Qp = 79.90 cfs Sediment Basin # 2 Colon
Tp = 30.89 minutes Phase 2

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.2
Number of Riser/Barrel Assemblies 2 Ks = 35,760

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.2 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.2 (ft) elevation 264.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6 (ft) elevation 265.00 100% Minimum Settling Efficiency

Total Height of Dam = 7 (ft) elevation 266.00 4.4 ft Maximum Stage 263.44 msl elevation

Length of Emergency Spillway = 15 (ft) 0.6 cfs Peak outflow

Diameter of Riser = 60 (in) 0.6 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 259.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACIT

Y [cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 0.8 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 3.3 99 0.0 0.00 0.00 0.00 0.00 0.00 40.82 18,555      N/A
6 7.2 490 0.0 0.00 0.00 0.00 0.00 0.00 50.77 23,077      N/A
8 12.5 1,355 0.1 0.00 0.00 0.00 0.00 0.00 58.32 26,507      N/A

10 18.9 2,856 0.1 0.00 0.00 0.00 0.00 0.00 64.55 29,341      N/A
12 26.2 5,129 0.2 0.00 0.00 0.00 0.00 0.00 69.91 31,776      N/A
14 34.1 8,277 0.3 0.00 0.00 0.00 0.00 0.00 74.62 33,917      N/A
16 42.2 12,368 0.4 0.30 0.30 0.00 0.30 0.59 78.81 35,825      100%
18 50.2 17,361 0.5 0.30 0.30 0.00 0.30 0.59 82.54 37,518      100%
20 57.8 23,316 0.7 0.30 0.30 0.00 0.30 0.59 85.92 39,056      100%
22 64.6 30,180 0.9 0.30 0.30 0.00 0.30 0.59 89.00 40,453      100%
24 70.5 37,867 1.1 0.30 0.30 0.00 0.30 0.59 91.79 41,723      100%
26 75.1 46,254 1.2 0.30 0.30 0.00 0.30 0.59 94.33 42,876      100%
28 78.2 55,190 1.5 0.30 0.30 0.00 0.30 0.59 96.62 43,920      100%
30 79.7 64,502 1.7 0.30 0.30 0.00 0.30 0.59 98.70 44,863      100%
32 79.6 73,999 1.9 0.30 0.30 0.00 0.30 0.59 100.56 45,710      100%
34 77.9 83,486 2.1 0.30 0.30 0.00 0.30 0.59 102.23 46,467      100%
36 74.6 92,765 2.3 0.30 0.30 0.00 0.30 0.59 103.71 47,139      100%
38 69.9 101,650 2.5 0.30 0.30 0.00 0.30 0.59 105.01 47,730      100%
40 64.4 109,968 2.6 0.30 0.30 0.00 0.30 0.59 106.14 48,245      100%
42 59.2 117,628 2.8 0.30 0.30 0.00 0.30 0.59 107.12 48,689      100%
44 54.4 124,663 2.9 0.30 0.30 0.00 0.30 0.59 107.97 49,076      100%
46 50.0 131,124 3.1 0.30 0.30 0.00 0.30 0.59 108.71 49,415      100%
48 46.0 137,059 3.2 0.30 0.30 0.00 0.30 0.59 109.37 49,714      100%
50 42.3 142,508 3.3 0.30 0.30 0.00 0.30 0.59 109.95 49,978      100%
52 38.9 147,512 3.4 0.30 0.30 0.00 0.30 0.59 110.47 50,214      100%
54 35.7 152,106 3.5 0.30 0.30 0.00 0.30 0.59 110.93 50,424      100%
56 32.9 156,324 3.6 0.30 0.30 0.00 0.30 0.59 111.35 50,612      100%
58 30.2 160,196 3.7 0.30 0.30 0.00 0.30 0.59 111.72 50,781      100%
60 27.8 163,749 3.7 0.30 0.30 0.00 0.30 0.59 112.05 50,933      100%
62 25.5 167,010 3.8 0.30 0.30 0.00 0.30 0.59 112.35 51,070      100%
64 23.5 170,002 3.8 0.30 0.30 0.00 0.30 0.59 112.63 51,194      100%
66 21.6 172,746 3.9 0.30 0.30 0.00 0.30 0.59 112.87 51,306      100%
68 19.8 175,264 3.9 0.30 0.30 0.00 0.30 0.59 113.10 51,407      100%
70 18.2 177,572 4.0 0.30 0.30 0.00 0.30 0.59 113.30 51,499      100%
72 16.8 179,689 4.0 0.30 0.30 0.00 0.30 0.59 113.48 51,582      100%
74 15.4 181,628 4.1 0.30 0.30 0.00 0.30 0.59 113.65 51,657      100%
76 14.2 183,406 4.1 0.30 0.30 0.00 0.30 0.59 113.80 51,726      100%
78 13.0 185,034 4.1 0.30 0.30 0.00 0.30 0.59 113.93 51,788      100%
80 12.0 186,525 4.2 0.30 0.30 0.00 0.30 0.59 114.06 51,845      100%
82 11.0 187,891 4.2 0.30 0.30 0.00 0.30 0.59 114.17 51,896      100%
84 10.1 189,140 4.2 0.30 0.30 0.00 0.30 0.59 114.28 51,943      100%
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86 9.3 190,282 4.2 0.30 0.30 0.00 0.30 0.59 114.37 51,986      100%
88 8.5 191,327 4.3 0.30 0.30 0.00 0.30 0.59 114.45 52,025      100%
90 7.9 192,282 4.3 0.30 0.30 0.00 0.30 0.59 114.53 52,060      100%
92 7.2 193,154 4.3 0.30 0.30 0.00 0.30 0.59 114.60 52,092      100%
94 6.6 193,949 4.3 0.30 0.30 0.00 0.30 0.59 114.67 52,121      100%
96 6.1 194,675 4.3 0.30 0.30 0.00 0.30 0.59 114.73 52,148      100%
98 5.6 195,337 4.3 0.30 0.30 0.00 0.30 0.59 114.78 52,172      100%

100 5.2 195,939 4.3 0.30 0.30 0.00 0.30 0.59 114.83 52,194      100%
102 4.7 196,487 4.4 0.30 0.30 0.00 0.30 0.59 114.87 52,214      100%
104 4.4 196,985 4.4 0.30 0.30 0.00 0.30 0.59 114.91 52,232      100%
106 4.0 197,437 4.4 0.30 0.30 0.00 0.30 0.59 114.95 52,248      100%
108 3.7 197,847 4.4 0.30 0.30 0.00 0.30 0.59 114.98 52,263      100%
110 3.4 198,218 4.4 0.30 0.30 0.00 0.30 0.59 115.01 52,276      100%
112 3.1 198,554 4.4 0.30 0.30 0.00 0.30 0.59 115.03 52,288      100%
114 2.9 198,856 4.4 0.30 0.30 0.00 0.30 0.59 115.06 52,299      100%
116 2.6 199,129 4.4 0.30 0.30 0.00 0.30 0.59 115.08 52,309      100%
118 2.4 199,374 4.4 0.30 0.30 0.00 0.30 0.59 115.10 52,318      100%
120 2.2 199,593 4.4 0.30 0.30 0.00 0.30 0.59 115.12 52,325      100%
122 2.0 199,789 4.4 0.30 0.30 0.00 0.30 0.59 115.13 52,332      100%
124 1.9 199,963 4.4 0.30 0.30 0.00 0.30 0.59 115.14 52,339      100%
126 1.7 200,118 4.4 0.30 0.30 0.00 0.30 0.59 115.16 52,344      100%
128 1.6 200,254 4.4 0.30 0.30 0.00 0.30 0.59 115.17 52,349      100%
130 1.5 200,374 4.4 0.30 0.30 0.00 0.30 0.59 115.18 52,353      100%
132 1.3 200,478 4.4 0.30 0.30 0.00 0.30 0.59 115.19 52,357      100%
134 1.2 200,568 4.4 0.30 0.30 0.00 0.30 0.59 115.19 52,360      100%
136 1.1 200,645 4.4 0.30 0.30 0.00 0.30 0.59 115.20 52,363      100%
138 1.0 200,710 4.4 0.30 0.30 0.00 0.30 0.59 115.20 52,365      100%
140 1.0 200,764 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,367      100%
142 0.9 200,809 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,369      100%
144 0.8 200,843 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,370      100%
146 0.7 200,870 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,371      100%
148 0.7 200,888 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,371      100%
150 0.6 200,899 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,372      100%
152 0.6 200,904 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,372      100%
154 0.5 200,902 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,372      100%
156 0.5 200,895 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,372      100%
158 0.4 200,883 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,371      100%
160 0.4 200,866 4.4 0.30 0.30 0.00 0.30 0.59 115.22 52,371      100%
162 0.4 200,845 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,370      100%
164 0.3 200,820 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,369      100%
166 0.3 200,791 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,368      100%
168 0.3 200,758 4.4 0.30 0.30 0.00 0.30 0.59 115.21 52,367      100%
170 0.3 200,723 4.4 0.30 0.30 0.00 0.30 0.59 115.20 52,366      100%
172 0.2 200,684 4.4 0.30 0.30 0.00 0.30 0.59 115.20 52,364      100%
174 0.2 200,643 4.4 0.30 0.30 0.00 0.30 0.59 115.20 52,363      100%
176 0.2 200,600 4.4 0.30 0.30 0.00 0.30 0.59 115.19 52,361      100%
178 0.2 200,554 4.4 0.30 0.30 0.00 0.30 0.59 115.19 52,360      100%
180 0.2 200,507 4.4 0.30 0.30 0.00 0.30 0.59 115.19 52,358      100%
182 0.2 200,457 4.4 0.30 0.30 0.00 0.30 0.59 115.18 52,356      100%
184 0.2 200,406 4.4 0.30 0.30 0.00 0.30 0.59 115.18 52,354      100%
186 0.1 200,353 4.4 0.30 0.30 0.00 0.30 0.59 115.18 52,352      100%
188 0.1 200,299 4.4 0.30 0.30 0.00 0.30 0.59 115.17 52,351      100%
190 0.1 200,243 4.4 0.30 0.30 0.00 0.30 0.59 115.17 52,349      100%
192 0.1 200,186 4.4 0.30 0.30 0.00 0.30 0.59 115.16 52,347      100%
194 0.1 200,128 4.4 0.30 0.30 0.00 0.30 0.59 115.16 52,344      100%
196 0.1 200,069 4.4 0.30 0.30 0.00 0.30 0.59 115.15 52,342      100%
198 0.1 200,009 4.4 0.30 0.30 0.00 0.30 0.59 115.15 52,340      100%
200 0.1 199,949 4.4 0.30 0.30 0.00 0.30 0.59 115.14 52,338      100%
202 0.1 199,887 4.4 0.30 0.30 0.00 0.30 0.59 115.14 52,336      100%
204 0.1 199,824 4.4 0.30 0.30 0.00 0.30 0.59 115.13 52,334      100%
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Qp = 98.71 cfs Sediment Basin # 2 Colon
Tp = 31.23 minutes Phase 2

dT = Max of 2 minutes 25  -  year Storm Event
or 1.0% of increment to peak

b = 1.2
Number of Riser/Barrel Assemblies 2 Ks = 35,760

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.2 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.2 (ft) elevation 264.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 265.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 266.00 5.3 ft Maximum Stage 264.3 msl elevation

Length of Emergency Spillway = 15 (ft) 3.8 cfs Peak outflow

Diameter of Riser = 60 (in) 3.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 259.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFL
OW [cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 3.9 119 0.0 0.00 0.00 0.00 0.00 0.00 41.89 19,041     N/A
6 8.7 592 0.0 0.00 0.00 0.00 0.00 0.00 52.10 23,682     N/A
8 15.1 1,639 0.1 0.00 0.00 0.00 0.00 0.00 59.85 27,203     N/A

10 22.9 3,455 0.1 0.00 0.00 0.00 0.00 0.00 66.25 30,112     N/A
12 31.8 6,208 0.2 0.00 0.00 0.00 0.00 0.00 71.75 32,614     N/A
14 41.4 10,024 0.3 0.00 0.00 0.00 0.00 0.00 76.59 34,813     N/A
16 51.3 14,988 0.5 0.30 0.30 0.00 0.30 0.59 80.90 36,775     100%
18 61.1 21,069 0.6 0.30 0.30 0.00 0.30 0.59 84.75 38,521     100%
20 70.4 28,328 0.8 0.30 0.30 0.00 0.30 0.59 88.23 40,106     100%
22 78.9 36,708 1.0 0.30 0.30 0.00 0.30 0.59 91.40 41,547     100%
24 86.2 46,108 1.2 0.30 0.30 0.00 0.30 0.59 94.29 42,857     100%
26 92.0 56,384 1.5 0.30 0.30 0.00 0.30 0.59 96.91 44,048     100%
28 96.1 67,357 1.7 0.30 0.30 0.00 0.30 0.59 99.28 45,128     100%
30 98.3 78,821 2.0 0.30 0.30 0.00 0.30 0.59 101.43 46,105     100%
32 98.6 90,550 2.2 0.30 0.30 0.00 0.30 0.59 103.37 46,984     100%
34 96.8 102,307 2.5 0.30 0.30 0.00 0.30 0.59 105.10 47,772     100%
36 93.1 113,853 2.7 0.30 0.30 0.00 0.30 0.59 106.64 48,473     100%
38 87.7 124,958 2.9 0.30 0.30 0.00 0.30 0.59 108.00 49,092     100%
40 81.0 135,412 3.2 0.30 0.30 0.00 0.30 0.59 109.19 49,632     100%
42 74.6 145,066 3.4 0.30 0.30 0.00 0.30 0.59 110.22 50,100     100%
44 68.6 153,944 3.5 0.30 0.30 0.00 0.30 0.59 111.11 50,507     100%
46 63.1 162,107 3.7 0.30 0.30 0.00 0.30 0.59 111.90 50,863     100%
48 58.1 169,612 3.8 0.30 0.30 0.00 0.30 0.59 112.59 51,178     100%
50 53.5 176,512 4.0 0.30 0.30 0.00 0.30 0.59 113.20 51,457     100%
52 49.2 182,855 4.1 0.30 0.30 0.00 0.30 0.59 113.75 51,705     100%
54 45.3 188,686 4.2 0.30 0.30 0.00 0.30 0.59 114.24 51,926     100%
56 41.6 194,045 4.3 0.30 0.30 0.00 0.30 0.59 114.67 52,125     100%
58 38.3 198,971 4.4 0.30 0.30 0.00 0.30 0.59 115.07 52,303     100%
60 35.3 203,497 4.5 0.30 0.30 0.00 0.30 0.59 115.42 52,464     100%
62 32.4 207,656 4.6 0.30 0.30 0.00 0.30 0.59 115.74 52,608     100%
64 29.8 211,478 4.6 0.30 0.30 0.00 0.30 0.59 116.03 52,739     100%
66 27.5 214,988 4.7 0.30 0.30 0.00 0.30 0.59 116.29 52,858     100%
68 25.3 218,212 4.8 0.30 0.30 0.00 0.30 0.59 116.52 52,965     100%
70 23.2 221,173 4.8 0.30 0.30 0.00 0.30 0.59 116.74 53,062     100%
72 21.4 223,892 4.9 0.30 0.30 0.00 0.30 0.59 116.93 53,151     100%
74 19.7 226,388 4.9 0.30 0.30 0.00 0.30 0.59 117.11 53,231     100%
76 18.1 228,679 5.0 0.30 0.30 0.00 0.30 0.59 117.27 53,304     100%
78 16.7 230,782 5.0 0.30 0.30 0.00 0.30 0.59 117.42 53,371     100%
80 15.3 232,710 5.0 0.30 0.30 0.00 0.30 0.59 117.55 53,431     100%
82 14.1 234,479 5.1 0.30 0.30 0.00 0.30 0.59 117.67 53,486     100%
84 13.0 236,101 5.1 0.30 0.30 0.00 0.30 0.59 117.78 53,536     100%
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86 11.9 237,588 5.1 0.30 0.30 0.00 0.30 0.59 117.88 53,582     100%
88 11.0 238,951 5.2 0.30 0.30 0.00 0.30 0.59 117.97 53,624     100%
90 10.1 240,199 5.2 0.30 0.30 0.00 0.30 0.59 118.06 53,662     100%
92 9.3 241,341 5.2 0.30 0.31 0.00 30.96 0.61 118.13 53,697     100%
94 8.6 242,384 5.2 0.30 0.47 0.00 31.04 0.95 118.20 53,728     100%
96 7.9 243,298 5.2 0.30 0.71 0.00 31.10 1.41 118.26 53,756     100%
98 7.2 244,074 5.3 0.30 0.95 0.00 31.15 1.90 118.31 53,779     100%

100 6.7 244,716 5.3 0.30 1.18 0.00 31.19 2.35 118.36 53,798     100%
102 6.1 245,234 5.3 0.30 1.38 0.00 31.23 2.75 118.39 53,814     100%
104 5.6 245,640 5.3 0.30 1.54 0.00 31.26 3.08 118.42 53,826     100%
106 5.2 245,948 5.3 0.30 1.67 0.00 31.28 3.34 118.44 53,835     100%
108 4.8 246,170 5.3 0.30 1.77 0.00 31.29 3.54 118.45 53,842     100%
110 4.4 246,319 5.3 0.30 1.83 0.00 31.30 3.67 118.46 53,846     100%
112 4.0 246,407 5.3 0.30 1.87 0.00 31.31 3.75 118.47 53,849     100%
114 3.7 246,443 5.3 0.30 1.89 0.00 31.31 3.78 118.47 53,850     100%
116 3.4 246,436 5.3 0.30 1.89 0.00 31.31 3.77 118.47 53,850     100%
118 3.2 246,394 5.3 0.30 1.87 0.00 31.31 3.74 118.47 53,849     100%
120 2.9 246,324 5.3 0.30 1.84 0.00 31.30 3.67 118.46 53,846     100%
122 2.7 246,231 5.3 0.30 1.80 0.00 31.30 3.59 118.46 53,844     100%
124 2.5 246,121 5.3 0.30 1.75 0.00 31.29 3.49 118.45 53,840     100%
126 2.3 245,996 5.3 0.30 1.69 0.00 31.28 3.38 118.44 53,837     100%
128 2.1 245,861 5.3 0.30 1.63 0.00 31.27 3.27 118.43 53,833     100%
130 1.9 245,719 5.3 0.30 1.57 0.00 31.26 3.15 118.42 53,828     100%
132 1.8 245,570 5.3 0.30 1.51 0.00 31.25 3.02 118.41 53,824     100%
134 1.6 245,419 5.3 0.30 1.45 0.00 31.24 2.90 118.40 53,819     100%
136 1.5 245,265 5.3 0.30 1.39 0.00 31.23 2.78 118.39 53,815     100%
138 1.4 245,111 5.3 0.30 1.33 0.00 31.22 2.65 118.38 53,810     100%
140 1.3 244,957 5.3 0.30 1.27 0.00 31.21 2.53 118.37 53,806     100%
142 1.2 244,804 5.3 0.30 1.21 0.00 31.20 2.42 118.36 53,801     100%
144 1.1 244,653 5.3 0.30 1.15 0.00 31.19 2.31 118.35 53,797     100%
146 1.0 244,505 5.3 0.30 1.10 0.00 31.18 2.20 118.34 53,792     100%
148 0.9 244,359 5.3 0.30 1.05 0.00 31.17 2.09 118.33 53,788     100%
150 0.8 244,216 5.3 0.30 1.00 0.00 31.16 1.99 118.32 53,783     100%
152 0.8 244,077 5.3 0.30 0.95 0.00 31.15 1.90 118.31 53,779     100%
154 0.7 243,941 5.3 0.30 0.90 0.00 31.14 1.81 118.31 53,775     100%
156 0.6 243,808 5.2 0.30 0.86 0.00 31.13 1.72 118.30 53,771     100%
158 0.6 243,679 5.2 0.30 0.82 0.00 31.12 1.64 118.29 53,767     100%
160 0.5 243,554 5.2 0.30 0.78 0.00 31.11 1.56 118.28 53,764     100%
162 0.5 243,432 5.2 0.30 0.75 0.00 31.11 1.49 118.27 53,760     100%
164 0.5 243,314 5.2 0.30 0.71 0.00 31.10 1.42 118.26 53,756     100%
166 0.4 243,199 5.2 0.30 0.68 0.00 31.09 1.36 118.26 53,753     100%
168 0.4 243,088 5.2 0.30 0.65 0.00 31.08 1.29 118.25 53,750     100%
170 0.4 242,980 5.2 0.30 0.62 0.00 31.08 1.24 118.24 53,746     100%
172 0.3 242,875 5.2 0.30 0.59 0.00 31.07 1.18 118.23 53,743     100%
174 0.3 242,773 5.2 0.30 0.56 0.00 31.06 1.13 118.23 53,740     100%
176 0.3 242,675 5.2 0.30 0.54 0.00 31.05 1.08 118.22 53,737     100%
178 0.3 242,579 5.2 0.30 0.52 0.00 31.05 1.03 118.22 53,734     100%
180 0.2 242,486 5.2 0.30 0.50 0.00 31.04 0.99 118.21 53,731     100%
182 0.2 242,396 5.2 0.30 0.48 0.00 31.04 0.95 118.20 53,729     100%
184 0.2 242,308 5.2 0.30 0.46 0.00 31.03 0.91 118.20 53,726     100%
186 0.2 242,222 5.2 0.30 0.44 0.00 31.02 0.88 118.19 53,723     100%
188 0.2 242,139 5.2 0.30 0.42 0.00 31.02 0.84 118.19 53,721     100%
190 0.2 242,059 5.2 0.30 0.41 0.00 31.01 0.81 118.18 53,719     100%
192 0.1 241,980 5.2 0.30 0.39 0.00 31.01 0.78 118.18 53,716     100%
194 0.1 241,903 5.2 0.30 0.38 0.00 31.00 0.76 118.17 53,714     100%
196 0.1 241,828 5.2 0.30 0.37 0.00 31.00 0.73 118.17 53,712     100%
198 0.1 241,755 5.2 0.30 0.36 0.00 30.99 0.71 118.16 53,709     100%
200 0.1 241,683 5.2 0.30 0.34 0.00 30.99 0.69 118.16 53,707     100%
202 0.1 241,613 5.2 0.30 0.33 0.00 30.98 0.67 118.15 53,705     100%
204 0.1 241,544 5.2 0.30 0.33 0.00 30.98 0.65 118.15 53,703     100%
206 0.1 241,476 5.2 0.30 0.32 0.00 30.97 0.64 118.14 53,701     100%
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Qp = 128.6 cfs Sediment Basin # 2 Colon
Tp = 31.7 minutes Phase 2

dT = Max of 2 minutes 100  -  year Storm Event
or 1.0% of increment to peak

b = 1.2
Number of Riser/Barrel Assemblies 2 Ks = 35,760

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.2 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.2 (ft) elevation 264.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 265.00 94% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 266.00 5.7 ft Maximum Stage 264.7 msl elevation

Length of Emergency Spillway = 15 (ft) 36.2 cfs Peak outflow

Diameter of Riser = 60 (in) 36.2 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 259.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 1.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 5.0 151 0.0 0.00 0.00 0.00 0.00 0.00 43.25 19,658       N/A
6 11.0 749 0.0 0.00 0.00 0.00 0.00 0.00 53.79 24,451       N/A
8 19.2 2,073 0.1 0.00 0.00 0.00 0.00 0.00 61.79 28,087       N/A

10 29.1 4,373 0.2 0.00 0.00 0.00 0.00 0.00 68.41 31,093       N/A
12 40.3 7,860 0.3 0.00 0.00 0.00 0.00 0.00 74.09 33,679       N/A
14 52.6 12,701 0.4 0.30 0.30 0.00 0.30 0.59 79.10 35,954       100%
16 65.2 18,937 0.6 0.30 0.30 0.00 0.30 0.59 83.52 37,965       100%
18 77.9 26,695 0.8 0.30 0.30 0.00 0.30 0.59 87.52 39,783       100%
20 90.0 35,969 1.0 0.30 0.30 0.00 0.30 0.59 91.15 41,432       100%
22 101.1 46,697 1.3 0.30 0.30 0.00 0.30 0.59 94.45 42,932       100%
24 110.8 58,757 1.5 0.30 0.30 0.00 0.30 0.59 97.45 44,296       100%
26 118.6 71,978 1.8 0.30 0.30 0.00 0.30 0.59 100.18 45,538       100%
28 124.3 86,141 2.1 0.30 0.30 0.00 0.30 0.59 102.67 46,666       100%
30 127.7 100,990 2.5 0.30 0.30 0.00 0.30 0.59 104.91 47,688       100%
32 128.6 116,245 2.8 0.30 0.30 0.00 0.30 0.59 106.94 48,611       100%
34 127.0 131,608 3.1 0.30 0.30 0.00 0.30 0.59 108.77 49,440       100%
36 122.9 146,777 3.4 0.30 0.30 0.00 0.30 0.59 110.40 50,180       100%
38 116.6 161,457 3.7 0.30 0.30 0.00 0.30 0.59 111.84 50,836       100%
40 108.3 175,373 3.9 0.30 0.30 0.00 0.30 0.59 113.10 51,411       100%
42 99.8 188,302 4.2 0.30 0.30 0.00 0.30 0.59 114.21 51,912       100%
44 91.9 200,207 4.4 0.30 0.30 0.00 0.30 0.59 115.16 52,347       100%
46 84.7 211,170 4.6 0.30 0.30 0.00 0.30 0.59 116.00 52,729       100%
48 78.0 221,264 4.8 0.30 0.30 0.00 0.30 0.59 116.74 53,065       100%
50 71.9 230,557 5.0 0.30 0.30 0.00 0.30 0.59 117.40 53,363       100%
52 66.2 239,114 5.2 0.30 0.30 0.00 0.30 0.59 117.98 53,629       100%
54 61.0 246,992 5.3 0.30 2.14 0.00 31.35 4.29 118.51 53,866       100%
56 56.2 253,800 5.4 0.30 6.18 0.00 31.80 12.37 118.95 54,066       99%
58 51.8 259,062 5.5 0.30 10.20 0.00 32.15 20.40 119.28 54,218       98%
60 47.7 262,830 5.6 0.30 13.47 0.00 32.40 26.93 119.51 54,324       96%
62 44.0 265,324 5.6 0.30 15.79 0.00 32.56 31.58 119.67 54,394       95%
64 40.5 266,810 5.7 0.30 17.23 0.00 32.65 34.46 119.76 54,436       94%
66 37.3 267,535 5.7 0.30 17.95 0.00 32.70 35.90 119.80 54,456       94%
68 34.4 267,705 5.7 0.30 18.12 0.00 32.71 36.24 119.81 54,461       94%
70 31.7 267,482 5.7 0.30 17.89 0.00 32.70 35.79 119.80 54,454       94%
72 29.2 266,988 5.7 0.30 17.40 0.00 32.66 34.81 119.77 54,441       94%
74 26.9 266,312 5.7 0.30 16.74 0.00 32.62 33.48 119.73 54,422       94%
76 24.8 265,519 5.7 0.30 15.98 0.00 32.57 31.95 119.68 54,400       95%
78 22.8 264,657 5.6 0.30 15.16 0.00 32.51 30.31 119.63 54,376       95%
80 21.0 263,757 5.6 0.30 14.32 0.00 32.46 28.63 119.57 54,350       96%
82 19.4 262,844 5.6 0.30 13.48 0.00 32.40 26.96 119.51 54,325       96%
84 17.8 261,933 5.6 0.30 12.66 0.00 32.34 25.32 119.46 54,299       96%
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86 16.4 261,035 5.6 0.30 11.87 0.00 32.28 23.74 119.40 54,274       97%
88 15.1 260,158 5.6 0.30 11.12 0.00 32.22 22.24 119.35 54,249       97%
90 14.0 259,307 5.5 0.30 10.40 0.00 32.17 20.80 119.29 54,225       97%
92 12.9 258,485 5.5 0.30 9.73 0.00 32.11 19.45 119.24 54,201       98%
94 11.8 257,693 5.5 0.30 9.09 0.00 32.06 18.18 119.19 54,178       98%
96 10.9 256,932 5.5 0.30 8.49 0.00 32.01 16.98 119.14 54,157       98%
98 10.0 256,203 5.5 0.30 7.93 0.00 31.96 15.86 119.10 54,136       98%

100 9.3 255,505 5.5 0.30 7.41 0.00 31.92 14.82 119.05 54,116       99%
102 8.5 254,838 5.5 0.30 6.92 0.00 31.87 13.84 119.01 54,096       99%
104 7.9 254,201 5.4 0.30 6.46 0.00 31.83 12.93 118.97 54,078       99%
106 7.2 253,592 5.4 0.30 6.04 0.00 31.79 12.08 118.93 54,060       99%
108 6.7 253,012 5.4 0.30 5.64 0.00 31.75 11.29 118.90 54,043       99%
110 6.1 252,458 5.4 0.30 5.27 0.00 31.71 10.55 118.86 54,027       99%
112 5.7 251,930 5.4 0.30 4.93 0.00 31.68 9.86 118.83 54,012       99%
114 5.2 251,426 5.4 0.30 4.61 0.00 31.65 9.22 118.79 53,997       99%
116 4.8 250,946 5.4 0.30 4.31 0.00 31.61 8.62 118.76 53,983       99%
118 4.4 250,488 5.4 0.30 4.03 0.00 31.58 8.06 118.73 53,970       100%
120 4.1 250,052 5.4 0.30 3.77 0.00 31.55 7.55 118.70 53,957       100%
122 3.8 249,635 5.4 0.30 3.53 0.00 31.53 7.07 118.68 53,945       100%
124 3.5 249,238 5.4 0.30 3.31 0.00 31.50 6.62 118.65 53,933       100%
126 3.2 248,860 5.3 0.30 3.10 0.00 31.47 6.20 118.63 53,922       100%
128 2.9 248,499 5.3 0.30 2.90 0.00 31.45 5.81 118.60 53,911       100%
130 2.7 248,154 5.3 0.30 2.72 0.00 31.43 5.45 118.58 53,901       100%
132 2.5 247,825 5.3 0.30 2.55 0.00 31.40 5.11 118.56 53,891       100%
134 2.3 247,511 5.3 0.30 2.40 0.00 31.38 4.79 118.54 53,882       100%
136 2.1 247,212 5.3 0.30 2.25 0.00 31.36 4.50 118.52 53,873       100%
138 1.9 246,926 5.3 0.30 2.11 0.00 31.34 4.23 118.50 53,864       100%
140 1.8 246,652 5.3 0.30 1.99 0.00 31.33 3.97 118.48 53,856       100%
142 1.7 246,391 5.3 0.30 1.87 0.00 31.31 3.73 118.47 53,848       100%
144 1.5 246,142 5.3 0.30 1.76 0.00 31.29 3.51 118.45 53,841       100%
146 1.4 245,904 5.3 0.30 1.65 0.00 31.27 3.30 118.43 53,834       100%
148 1.3 245,676 5.3 0.30 1.56 0.00 31.26 3.11 118.42 53,827       100%
150 1.2 245,457 5.3 0.30 1.47 0.00 31.24 2.93 118.41 53,821       100%
152 1.1 245,249 5.3 0.30 1.38 0.00 31.23 2.76 118.39 53,814       100%
154 1.0 245,049 5.3 0.30 1.30 0.00 31.22 2.61 118.38 53,808       100%
156 0.9 244,858 5.3 0.30 1.23 0.00 31.20 2.46 118.37 53,803       100%
158 0.9 244,675 5.3 0.30 1.16 0.00 31.19 2.32 118.35 53,797       100%
160 0.8 244,499 5.3 0.30 1.10 0.00 31.18 2.19 118.34 53,792       100%
162 0.7 244,331 5.3 0.30 1.04 0.00 31.17 2.07 118.33 53,787       100%
164 0.7 244,169 5.3 0.30 0.98 0.00 31.16 1.96 118.32 53,782       100%
166 0.6 244,015 5.3 0.30 0.93 0.00 31.15 1.86 118.31 53,777       100%
168 0.6 243,866 5.3 0.30 0.88 0.00 31.14 1.76 118.30 53,773       100%
170 0.5 243,723 5.2 0.30 0.83 0.00 31.13 1.67 118.29 53,769       100%
172 0.5 243,586 5.2 0.30 0.79 0.00 31.12 1.58 118.28 53,765       100%
174 0.4 243,454 5.2 0.30 0.75 0.00 31.11 1.50 118.27 53,761       100%
176 0.4 243,327 5.2 0.30 0.71 0.00 31.10 1.43 118.26 53,757       100%
178 0.4 243,205 5.2 0.30 0.68 0.00 31.09 1.36 118.26 53,753       100%
180 0.3 243,087 5.2 0.30 0.65 0.00 31.08 1.29 118.25 53,750       100%
182 0.3 242,974 5.2 0.30 0.62 0.00 31.08 1.23 118.24 53,746       100%
184 0.3 242,865 5.2 0.30 0.59 0.00 31.07 1.17 118.23 53,743       100%
186 0.3 242,759 5.2 0.30 0.56 0.00 31.06 1.12 118.23 53,740       100%
188 0.3 242,657 5.2 0.30 0.54 0.00 31.05 1.07 118.22 53,737       100%
190 0.2 242,559 5.2 0.30 0.51 0.00 31.05 1.02 118.21 53,734       100%
192 0.2 242,464 5.2 0.30 0.49 0.00 31.04 0.98 118.21 53,731       100%
194 0.2 242,371 5.2 0.30 0.47 0.00 31.03 0.94 118.20 53,728       100%
196 0.2 242,282 5.2 0.30 0.45 0.00 31.03 0.90 118.20 53,725       100%
198 0.2 242,196 5.2 0.30 0.43 0.00 31.02 0.87 118.19 53,723       100%
200 0.2 242,112 5.2 0.30 0.42 0.00 31.02 0.83 118.18 53,720       100%
202 0.1 242,030 5.2 0.30 0.40 0.00 31.01 0.80 118.18 53,718       100%
204 0.1 241,951 5.2 0.30 0.39 0.00 31.01 0.77 118.17 53,715       100%

SB 02.xlsx SB 100-yr HG (P2)
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  1 Of:   4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1

Storm Event (yrs) = 10
Total Drainage Area A (ac) = 3.1

Disturbed Area (ac) = 3.1
Curve Number CN = 86 Hydrographs

Rainfall Depth P (in) = 5.28 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 20.57 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 5,580 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 8,948 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

244 0 0 - - -
244 0 4,877 0 0 0
245 1 6,254 5,551 5,551 206
246 2 7,709 6,969 12,520 464
247 3 9,244 8,465 20,985 777
248 4 10,857 10,040 31,025 1,149
249 5 12,549 11,693 42,717 1,582
250 6 14,321 13,425 56,143 2,079

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 20,985 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 9,244 Required Surface Area Achieved

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  2 Of:   4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 20,985
Number of Skimmers 1

Days to Drain = 5 assumed
Q each (cf/day) = 4,197 0.05 cfs

Selected Skimmer Size (inches) = 2.5
Head on Skimmer (feet) = 0.208

Diameter of Orifice (inches) = 2.0

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1
Storm Event (yrs) = 10

S = 1.63
Runoff Depth Q* (inches) = 3.73

Time to Peak Tp (min) = 24.46

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 20,985

Z2 (ft) = 6 S2 (cf) = 56,143

b = ln(S2/S1)/ln(Z2/Z1) = 1.4 Ref 2, III-8

KS = S2/Z2
b = 4,411

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  3 Of:   4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 5.00

Set Top of Dam at (ft) = 6.00

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 2
Use Anti-Seep Collar Size (ft)  = 2 x 2

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 24 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 15.71 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 0.41
Width & Length (ft) = 3

Thickness (ft) = 1.2

Anti-Vortex Device:
Diameter of Riser (in) = 24 From Hydrograph

Cylinder Diameter (in) = 36 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 13

See Hydrograph

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  4 Of:   4

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 6 6 * Barrel Diameter
QB (cfs) = 0.0 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

0.0 0.02 0.03 0.2 0.03 0.02 0.3

Flow Depth = Tailwater, d (ft) = 0.03 0.5* Barrel Diameter (ft) = 0.50 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

1 3 10 11 0.3 Class A

Conclusion Temporary basin, the  25 yr and 100 storms were not routed 
The basin can contain the 10-yr storm.

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   1 Of   2

Diameter of Riser (in) = 24
Circumference of Riser (in) = 75.4

Height of Riser from bottom of barrel (in) = 60 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 1 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.05 0.05
0.29 0.00 0.00 0.00 0.05 0.05
0.34 0.00 0.00 0.00 0.05 0.05
0.39 0.00 0.00 0.00 0.05 0.05
0.44 0.00 0.00 0.00 0.05 0.05
0.49 0.00 0.00 0.00 0.05 0.05
0.54 0.00 0.00 0.00 0.05 0.05
0.59 0.00 0.00 0.00 0.05 0.05
0.64 0.00 0.00 0.00 0.05 0.05
0.69 0.00 0.00 0.00 0.05 0.05
0.74 0.00 0.00 0.00 0.05 0.05
0.79 0.00 0.00 0.00 0.05 0.05
0.84 0.00 0.00 0.00 0.05 0.05
0.89 0.00 0.00 0.00 0.05 0.05
0.94 0.00 0.00 0.00 0.05 0.05
0.99 0.00 0.00 0.00 0.05 0.05
1.04 0.00 0.00 0.00 0.05 0.05
1.09 0.00 0.00 0.00 0.05 0.05
1.14 0.00 0.00 0.00 0.05 0.05
1.19 0.00 0.00 0.00 0.05 0.05
1.24 0.00 0.00 0.00 0.05 0.05
1.29 0.00 0.00 0.00 0.05 0.05
1.34 0.00 0.00 0.00 0.05 0.05
1.39 0.00 0.00 0.00 0.05 0.05
1.44 0.00 0.00 0.00 0.05 0.05
1.49 0.00 0.00 0.00 0.05 0.05
1.54 0.00 0.00 0.00 0.05 0.05
1.59 0.00 0.00 0.00 0.05 0.05

Perforations

SB 03.xlsx Pipe Perf-Skimmer



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   2 Of   2

1.64 0.00 0.00 0.00 0.05 0.05
1.69 0.00 0.00 0.00 0.05 0.05
1.74 0.00 0.00 0.00 0.05 0.05
1.79 0.00 0.00 0.00 0.05 0.05
1.84 0.00 0.00 0.00 0.05 0.05
1.89 0.00 0.00 0.00 0.05 0.05
1.94 0.00 0.00 0.00 0.05 0.05
1.99 0.00 0.00 0.00 0.05 0.05
2.04 0.00 0.00 0.00 0.05 0.05
2.09 0.00 0.00 0.00 0.05 0.05
2.14 0.00 0.00 0.00 0.05 0.05
2.19 0.00 0.00 0.00 0.05 0.05
2.24 0.00 0.00 0.00 0.05 0.05
2.29 0.00 0.00 0.00 0.05 0.05
2.34 0.00 0.00 0.00 0.05 0.05
2.39 0.00 0.00 0.00 0.05 0.05
2.44 0.00 0.00 0.00 0.05 0.05
2.49 0.00 0.00 0.00 0.05 0.05
2.54 0.00 0.00 0.00 0.05 0.05
2.59 0.00 0.00 0.00 0.05 0.05
2.64 0.00 0.00 0.00 0.05 0.05
2.69 0.00 0.00 0.00 0.05 0.05
2.74 0.00 0.00 0.00 0.05 0.05
2.79 0.00 0.00 0.00 0.05 0.05
2.84 0.00 0.00 0.00 0.05 0.05
2.89 0.00 0.00 0.00 0.05 0.05
2.94 0.00 0.00 0.00 0.05 0.05
2.99 0.00 0.00 0.00 0.05 0.05
3.04 0.00 0.00 0.00 0.05 0.05
3.09 0.00 0.00 0.00 0.05 0.05
3.14 0.00 0.00 0.00 0.05 0.05
3.19 0.00 0.00 0.00 0.05 0.05
3.24 0.00 0.00 0.00 0.05 0.05
3.29 0.00 0.00 0.00 0.05 0.05
3.34 0.00 0.00 0.00 0.05 0.05
3.39 0.00 0.00 0.00 0.05 0.05
3.44 0.00 0.00 0.00 0.05 0.05
3.49 0.00 0.00 0.00 0.05 0.05
3.54 0.00 0.00 0.00 0.05 0.05
3.59 0.00 0.00 0.00 0.05 0.05
3.64 0.00 0.00 0.00 0.05 0.05
3.69 0.00 0.00 0.00 0.05 0.05
3.74 0.00 0.00 0.00 0.05 0.05
3.79 0.00 0.00 0.00 0.05 0.05
3.84 0.00 0.00 0.00 0.05 0.05
3.89 0.00 0.00 0.00 0.05 0.05
3.94 0.00 0.00 0.00 0.05 0.05
3.99 0.00 0.00 0.00 0.05 0.05

SB 03.xlsx Pipe Perf-Skimmer



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: __1__of _2___

Qp = 20.57 cfs Sediment Basin # 3 Colon
Tp = 24.46 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.4
Number of Riser/Barrel Assemblies 1 Ks = 4,411

Diameter of Barrel = 12 (in)

Height of Riser above barrel = 4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5 (ft) elevation 249.00 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 5.0 (ft) elevation 249.00 100% Minimum Settling Efficiency

Total Height of Dam = 6.0 (ft) elevation 250.00 4.9 ft Maximum Stage 248.86 msl elevation

Length of Emergency Spillway = 10 (ft) 0.0 cfs Peak outflow

Diameter of Riser = 24 (in) 0.0 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 244.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 0.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 1.3 40 0.0 0.00 0.00 0.00 0.00 0.00 3.44 1,565       N/A
6 2.9 200 0.1 0.00 0.00 0.00 0.00 0.00 5.52 2,508       N/A
8 5.0 548 0.2 0.00 0.00 0.00 0.00 0.00 7.44 3,381       N/A

10 7.4 1,145 0.4 0.05 0.05 0.00 0.05 0.05 9.25 4,203       100%
12 10.0 2,024 0.6 0.05 0.05 0.00 0.05 0.05 10.94 4,974       100%
14 12.6 3,216 0.8 0.05 0.05 0.00 0.05 0.05 12.55 5,704       100%
16 15.1 4,723 1.0 0.05 0.05 0.00 0.05 0.05 14.06 6,390       100%
18 17.2 6,525 1.3 0.05 0.05 0.00 0.05 0.05 15.47 7,031       100%
20 18.9 8,587 1.6 0.05 0.05 0.00 0.05 0.05 16.78 7,625       100%
22 20.1 10,852 1.9 0.05 0.05 0.00 0.05 0.05 17.98 8,172       100%
24 20.6 13,254 2.2 0.05 0.05 0.00 0.05 0.05 19.07 8,670       100%
26 20.4 15,714 2.4 0.05 0.05 0.00 0.05 0.05 20.06 9,117       100%
28 19.5 18,153 2.7 0.05 0.05 0.00 0.05 0.05 20.93 9,514       100%
30 18.1 20,490 2.9 0.05 0.05 0.00 0.05 0.05 21.69 9,861       100%
32 16.3 22,653 3.2 0.05 0.05 0.00 0.05 0.05 22.35 10,158     100%
34 14.7 24,603 3.4 0.05 0.05 0.00 0.05 0.05 22.90 10,409     100%
36 13.2 26,356 3.5 0.05 0.05 0.00 0.05 0.05 23.37 10,623     100%
38 11.8 27,931 3.7 0.05 0.05 0.00 0.05 0.05 23.78 10,807     100%
40 10.7 29,347 3.8 0.05 0.05 0.00 0.05 0.05 24.13 10,966     100%
42 9.6 30,620 3.9 0.05 0.05 0.00 0.05 0.05 24.43 11,105     100%
44 8.6 31,763 4.0 0.05 0.05 0.00 0.05 0.05 24.70 11,226     100%
46 7.7 32,791 4.1 0.05 0.05 0.00 0.05 0.05 24.93 11,332     100%
48 7.0 33,715 4.2 0.05 0.05 0.00 0.05 0.05 25.14 11,425     100%
50 6.3 34,544 4.3 0.05 0.05 0.00 0.05 0.05 25.32 11,508     100%
52 5.6 35,290 4.3 0.05 0.05 0.00 0.05 0.05 25.48 11,581     100%
54 5.1 35,960 4.4 0.05 0.05 0.00 0.05 0.05 25.62 11,645     100%
56 4.6 36,561 4.4 0.05 0.05 0.00 0.05 0.05 25.75 11,703     100%
58 4.1 37,102 4.5 0.05 0.05 0.00 0.05 0.05 25.86 11,753     100%
60 3.7 37,587 4.5 0.05 0.05 0.00 0.05 0.05 25.96 11,799     100%
62 3.3 38,023 4.6 0.05 0.05 0.00 0.05 0.05 26.05 11,839     100%
64 3.0 38,414 4.6 0.05 0.05 0.00 0.05 0.05 26.12 11,875     100%
66 2.7 38,765 4.6 0.05 0.05 0.00 0.05 0.05 26.20 11,907     100%
68 2.4 39,081 4.6 0.05 0.05 0.00 0.05 0.05 26.26 11,935     100%
70 2.2 39,363 4.7 0.05 0.05 0.00 0.05 0.05 26.31 11,961     100%
72 1.9 39,617 4.7 0.05 0.05 0.00 0.05 0.05 26.36 11,984     100%
74 1.7 39,845 4.7 0.05 0.05 0.00 0.05 0.05 26.41 12,004     100%
76 1.6 40,049 4.7 0.05 0.05 0.00 0.05 0.05 26.45 12,022     100%
78 1.4 40,232 4.7 0.05 0.05 0.00 0.05 0.05 26.48 12,038     100%
80 1.3 40,395 4.8 0.05 0.05 0.00 0.05 0.05 26.52 12,053     100%
82 1.1 40,542 4.8 0.05 0.05 0.00 0.05 0.05 26.54 12,066     100%

SB 03.xlsx SB 10-yr (P1) HG 



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: __2__of _2___

84 1.0 40,674 4.8 0.05 0.05 0.00 0.05 0.05 26.57 12,077     100%
86 0.9 40,791 4.8 0.05 0.05 0.00 0.05 0.05 26.59 12,088     100%
88 0.8 40,896 4.8 0.05 0.05 0.00 0.05 0.05 26.61 12,097     100%
90 0.7 40,990 4.8 0.05 0.05 0.00 0.05 0.05 26.63 12,105     100%
92 0.7 41,074 4.8 0.05 0.05 0.00 0.05 0.05 26.65 12,112     100%
94 0.6 41,149 4.8 0.05 0.05 0.00 0.05 0.05 26.66 12,119     100%
96 0.5 41,215 4.8 0.05 0.05 0.00 0.05 0.05 26.67 12,125     100%
98 0.5 41,275 4.8 0.05 0.05 0.00 0.05 0.05 26.69 12,130     100%

100 0.4 41,327 4.8 0.05 0.05 0.00 0.05 0.05 26.70 12,134     100%
102 0.4 41,374 4.8 0.05 0.05 0.00 0.05 0.05 26.70 12,138     100%
104 0.4 41,416 4.8 0.05 0.05 0.00 0.05 0.05 26.71 12,142     100%
106 0.3 41,453 4.8 0.05 0.05 0.00 0.05 0.05 26.72 12,145     100%
108 0.3 41,485 4.8 0.05 0.05 0.00 0.05 0.05 26.73 12,148     100%
110 0.3 41,514 4.9 0.05 0.05 0.00 0.05 0.05 26.73 12,150     100%
112 0.2 41,539 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%
114 0.2 41,561 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
116 0.2 41,580 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
118 0.2 41,597 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
120 0.2 41,611 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
122 0.1 41,624 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
124 0.1 41,634 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
126 0.1 41,643 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
128 0.1 41,650 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
130 0.1 41,657 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
132 0.1 41,661 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
134 0.1 41,665 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
136 0.1 41,668 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
138 0.1 41,670 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
140 0.1 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
142 0.0 41,672 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
144 0.0 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
146 0.0 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
148 0.0 41,669 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
150 0.0 41,668 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
152 0.0 41,666 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
154 0.0 41,663 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
156 0.0 41,660 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
158 0.0 41,657 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
160 0.0 41,654 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
162 0.0 41,650 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
164 0.0 41,646 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
166 0.0 41,642 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
168 0.0 41,638 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
170 0.0 41,633 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
172 0.0 41,629 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
174 0.0 41,624 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
176 0.0 41,619 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
178 0.0 41,614 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
180 0.0 41,609 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
182 0.0 41,604 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
184 0.0 41,599 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
186 0.0 41,594 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,157     100%
188 0.0 41,589 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,157     100%
190 0.0 41,583 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
192 0.0 41,578 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
194 0.0 41,573 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
196 0.0 41,567 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
198 0.0 41,562 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
200 0.0 41,556 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,154     100%
202 0.0 41,550 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,154     100%
204 0.0 41,545 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%
206 0.0 41,539 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%

SB 03.xlsx SB 10-yr (P1) HG 
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  1 Of:   4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1

Storm Event (yrs) = 10
Total Drainage Area A (ac) = 3.1

Disturbed Area (ac) = 3.1
Curve Number CN = 86 Hydrographs

Rainfall Depth P (in) = 5.28 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 20.57 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 5,580 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 8,948 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

244 0 0 - - -
244 0 4,877 0 0 0
245 1 6,254 5,551 5,551 206
246 2 7,709 6,969 12,520 464
247 3 9,244 8,465 20,985 777
248 4 10,857 10,040 31,025 1,149
249 5 12,549 11,693 42,717 1,582
250 6 14,321 13,425 56,143 2,079

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 20,985 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 9,244 Required Surface Area Achieved

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  2 Of:   4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 20,985
Number of Skimmers 1

Days to Drain = 5 assumed
Q each (cf/day) = 4,197 0.05 cfs

Selected Skimmer Size (inches) = 2.5
Head on Skimmer (feet) = 0.208

Diameter of Orifice (inches) = 2.0

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1
Storm Event (yrs) = 10

S = 1.63
Runoff Depth Q* (inches) = 3.73

Time to Peak Tp (min) = 24.46

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 20,985

Z2 (ft) = 6 S2 (cf) = 56,143

b = ln(S2/S1)/ln(Z2/Z1) = 1.4 Ref 2, III-8

KS = S2/Z2
b = 4,411

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  3 Of:   4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 5.00

Set Top of Dam at (ft) = 6.00

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 2
Use Anti-Seep Collar Size (ft)  = 2 x 2

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 24 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 15.71 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 0.41
Width & Length (ft) = 3

Thickness (ft) = 1.2

Anti-Vortex Device:
Diameter of Riser (in) = 24 From Hydrograph

Cylinder Diameter (in) = 36 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 13

See Hydrograph

SB 03.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #3 Sheet:  4 Of:   4

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 6 6 * Barrel Diameter
QB (cfs) = 0.0 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

0.0 0.02 0.03 0.2 0.03 0.02 0.3

Flow Depth = Tailwater, d (ft) = 0.03 0.5* Barrel Diameter (ft) = 0.50 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

1 3 10 11 0.3 Class A

Conclusion Temporary basin, the  25 yr and 100 storms were not routed 
The basin can contain the 10-yr storm.

SB 03.xlsx
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HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   1 Of   2

Diameter of Riser (in) = 24
Circumference of Riser (in) = 75.4

Height of Riser from bottom of barrel (in) = 60 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 1 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.05 0.05
0.29 0.00 0.00 0.00 0.05 0.05
0.34 0.00 0.00 0.00 0.05 0.05
0.39 0.00 0.00 0.00 0.05 0.05
0.44 0.00 0.00 0.00 0.05 0.05
0.49 0.00 0.00 0.00 0.05 0.05
0.54 0.00 0.00 0.00 0.05 0.05
0.59 0.00 0.00 0.00 0.05 0.05
0.64 0.00 0.00 0.00 0.05 0.05
0.69 0.00 0.00 0.00 0.05 0.05
0.74 0.00 0.00 0.00 0.05 0.05
0.79 0.00 0.00 0.00 0.05 0.05
0.84 0.00 0.00 0.00 0.05 0.05
0.89 0.00 0.00 0.00 0.05 0.05
0.94 0.00 0.00 0.00 0.05 0.05
0.99 0.00 0.00 0.00 0.05 0.05
1.04 0.00 0.00 0.00 0.05 0.05
1.09 0.00 0.00 0.00 0.05 0.05
1.14 0.00 0.00 0.00 0.05 0.05
1.19 0.00 0.00 0.00 0.05 0.05
1.24 0.00 0.00 0.00 0.05 0.05
1.29 0.00 0.00 0.00 0.05 0.05
1.34 0.00 0.00 0.00 0.05 0.05
1.39 0.00 0.00 0.00 0.05 0.05
1.44 0.00 0.00 0.00 0.05 0.05
1.49 0.00 0.00 0.00 0.05 0.05
1.54 0.00 0.00 0.00 0.05 0.05
1.59 0.00 0.00 0.00 0.05 0.05

Perforations

SB 03.xlsx Pipe Perf-Skimmer



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   2 Of   2

1.64 0.00 0.00 0.00 0.05 0.05
1.69 0.00 0.00 0.00 0.05 0.05
1.74 0.00 0.00 0.00 0.05 0.05
1.79 0.00 0.00 0.00 0.05 0.05
1.84 0.00 0.00 0.00 0.05 0.05
1.89 0.00 0.00 0.00 0.05 0.05
1.94 0.00 0.00 0.00 0.05 0.05
1.99 0.00 0.00 0.00 0.05 0.05
2.04 0.00 0.00 0.00 0.05 0.05
2.09 0.00 0.00 0.00 0.05 0.05
2.14 0.00 0.00 0.00 0.05 0.05
2.19 0.00 0.00 0.00 0.05 0.05
2.24 0.00 0.00 0.00 0.05 0.05
2.29 0.00 0.00 0.00 0.05 0.05
2.34 0.00 0.00 0.00 0.05 0.05
2.39 0.00 0.00 0.00 0.05 0.05
2.44 0.00 0.00 0.00 0.05 0.05
2.49 0.00 0.00 0.00 0.05 0.05
2.54 0.00 0.00 0.00 0.05 0.05
2.59 0.00 0.00 0.00 0.05 0.05
2.64 0.00 0.00 0.00 0.05 0.05
2.69 0.00 0.00 0.00 0.05 0.05
2.74 0.00 0.00 0.00 0.05 0.05
2.79 0.00 0.00 0.00 0.05 0.05
2.84 0.00 0.00 0.00 0.05 0.05
2.89 0.00 0.00 0.00 0.05 0.05
2.94 0.00 0.00 0.00 0.05 0.05
2.99 0.00 0.00 0.00 0.05 0.05
3.04 0.00 0.00 0.00 0.05 0.05
3.09 0.00 0.00 0.00 0.05 0.05
3.14 0.00 0.00 0.00 0.05 0.05
3.19 0.00 0.00 0.00 0.05 0.05
3.24 0.00 0.00 0.00 0.05 0.05
3.29 0.00 0.00 0.00 0.05 0.05
3.34 0.00 0.00 0.00 0.05 0.05
3.39 0.00 0.00 0.00 0.05 0.05
3.44 0.00 0.00 0.00 0.05 0.05
3.49 0.00 0.00 0.00 0.05 0.05
3.54 0.00 0.00 0.00 0.05 0.05
3.59 0.00 0.00 0.00 0.05 0.05
3.64 0.00 0.00 0.00 0.05 0.05
3.69 0.00 0.00 0.00 0.05 0.05
3.74 0.00 0.00 0.00 0.05 0.05
3.79 0.00 0.00 0.00 0.05 0.05
3.84 0.00 0.00 0.00 0.05 0.05
3.89 0.00 0.00 0.00 0.05 0.05
3.94 0.00 0.00 0.00 0.05 0.05
3.99 0.00 0.00 0.00 0.05 0.05

SB 03.xlsx Pipe Perf-Skimmer



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: __1__of _2___

Qp = 20.57 cfs Sediment Basin # 3 Colon
Tp = 24.46 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.4
Number of Riser/Barrel Assemblies 1 Ks = 4,411

Diameter of Barrel = 12 (in)

Height of Riser above barrel = 4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5 (ft) elevation 249.00 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 5.0 (ft) elevation 249.00 100% Minimum Settling Efficiency

Total Height of Dam = 6.0 (ft) elevation 250.00 4.9 ft Maximum Stage 248.86 msl elevation

Length of Emergency Spillway = 10 (ft) 0.0 cfs Peak outflow

Diameter of Riser = 24 (in) 0.0 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 244.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 0.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 1.3 40 0.0 0.00 0.00 0.00 0.00 0.00 3.44 1,565       N/A
6 2.9 200 0.1 0.00 0.00 0.00 0.00 0.00 5.52 2,508       N/A
8 5.0 548 0.2 0.00 0.00 0.00 0.00 0.00 7.44 3,381       N/A

10 7.4 1,145 0.4 0.05 0.05 0.00 0.05 0.05 9.25 4,203       100%
12 10.0 2,024 0.6 0.05 0.05 0.00 0.05 0.05 10.94 4,974       100%
14 12.6 3,216 0.8 0.05 0.05 0.00 0.05 0.05 12.55 5,704       100%
16 15.1 4,723 1.0 0.05 0.05 0.00 0.05 0.05 14.06 6,390       100%
18 17.2 6,525 1.3 0.05 0.05 0.00 0.05 0.05 15.47 7,031       100%
20 18.9 8,587 1.6 0.05 0.05 0.00 0.05 0.05 16.78 7,625       100%
22 20.1 10,852 1.9 0.05 0.05 0.00 0.05 0.05 17.98 8,172       100%
24 20.6 13,254 2.2 0.05 0.05 0.00 0.05 0.05 19.07 8,670       100%
26 20.4 15,714 2.4 0.05 0.05 0.00 0.05 0.05 20.06 9,117       100%
28 19.5 18,153 2.7 0.05 0.05 0.00 0.05 0.05 20.93 9,514       100%
30 18.1 20,490 2.9 0.05 0.05 0.00 0.05 0.05 21.69 9,861       100%
32 16.3 22,653 3.2 0.05 0.05 0.00 0.05 0.05 22.35 10,158     100%
34 14.7 24,603 3.4 0.05 0.05 0.00 0.05 0.05 22.90 10,409     100%
36 13.2 26,356 3.5 0.05 0.05 0.00 0.05 0.05 23.37 10,623     100%
38 11.8 27,931 3.7 0.05 0.05 0.00 0.05 0.05 23.78 10,807     100%
40 10.7 29,347 3.8 0.05 0.05 0.00 0.05 0.05 24.13 10,966     100%
42 9.6 30,620 3.9 0.05 0.05 0.00 0.05 0.05 24.43 11,105     100%
44 8.6 31,763 4.0 0.05 0.05 0.00 0.05 0.05 24.70 11,226     100%
46 7.7 32,791 4.1 0.05 0.05 0.00 0.05 0.05 24.93 11,332     100%
48 7.0 33,715 4.2 0.05 0.05 0.00 0.05 0.05 25.14 11,425     100%
50 6.3 34,544 4.3 0.05 0.05 0.00 0.05 0.05 25.32 11,508     100%
52 5.6 35,290 4.3 0.05 0.05 0.00 0.05 0.05 25.48 11,581     100%
54 5.1 35,960 4.4 0.05 0.05 0.00 0.05 0.05 25.62 11,645     100%
56 4.6 36,561 4.4 0.05 0.05 0.00 0.05 0.05 25.75 11,703     100%
58 4.1 37,102 4.5 0.05 0.05 0.00 0.05 0.05 25.86 11,753     100%
60 3.7 37,587 4.5 0.05 0.05 0.00 0.05 0.05 25.96 11,799     100%
62 3.3 38,023 4.6 0.05 0.05 0.00 0.05 0.05 26.05 11,839     100%
64 3.0 38,414 4.6 0.05 0.05 0.00 0.05 0.05 26.12 11,875     100%
66 2.7 38,765 4.6 0.05 0.05 0.00 0.05 0.05 26.20 11,907     100%
68 2.4 39,081 4.6 0.05 0.05 0.00 0.05 0.05 26.26 11,935     100%
70 2.2 39,363 4.7 0.05 0.05 0.00 0.05 0.05 26.31 11,961     100%
72 1.9 39,617 4.7 0.05 0.05 0.00 0.05 0.05 26.36 11,984     100%
74 1.7 39,845 4.7 0.05 0.05 0.00 0.05 0.05 26.41 12,004     100%
76 1.6 40,049 4.7 0.05 0.05 0.00 0.05 0.05 26.45 12,022     100%
78 1.4 40,232 4.7 0.05 0.05 0.00 0.05 0.05 26.48 12,038     100%
80 1.3 40,395 4.8 0.05 0.05 0.00 0.05 0.05 26.52 12,053     100%
82 1.1 40,542 4.8 0.05 0.05 0.00 0.05 0.05 26.54 12,066     100%
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84 1.0 40,674 4.8 0.05 0.05 0.00 0.05 0.05 26.57 12,077     100%
86 0.9 40,791 4.8 0.05 0.05 0.00 0.05 0.05 26.59 12,088     100%
88 0.8 40,896 4.8 0.05 0.05 0.00 0.05 0.05 26.61 12,097     100%
90 0.7 40,990 4.8 0.05 0.05 0.00 0.05 0.05 26.63 12,105     100%
92 0.7 41,074 4.8 0.05 0.05 0.00 0.05 0.05 26.65 12,112     100%
94 0.6 41,149 4.8 0.05 0.05 0.00 0.05 0.05 26.66 12,119     100%
96 0.5 41,215 4.8 0.05 0.05 0.00 0.05 0.05 26.67 12,125     100%
98 0.5 41,275 4.8 0.05 0.05 0.00 0.05 0.05 26.69 12,130     100%

100 0.4 41,327 4.8 0.05 0.05 0.00 0.05 0.05 26.70 12,134     100%
102 0.4 41,374 4.8 0.05 0.05 0.00 0.05 0.05 26.70 12,138     100%
104 0.4 41,416 4.8 0.05 0.05 0.00 0.05 0.05 26.71 12,142     100%
106 0.3 41,453 4.8 0.05 0.05 0.00 0.05 0.05 26.72 12,145     100%
108 0.3 41,485 4.8 0.05 0.05 0.00 0.05 0.05 26.73 12,148     100%
110 0.3 41,514 4.9 0.05 0.05 0.00 0.05 0.05 26.73 12,150     100%
112 0.2 41,539 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%
114 0.2 41,561 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
116 0.2 41,580 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
118 0.2 41,597 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
120 0.2 41,611 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
122 0.1 41,624 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
124 0.1 41,634 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
126 0.1 41,643 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
128 0.1 41,650 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
130 0.1 41,657 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
132 0.1 41,661 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
134 0.1 41,665 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
136 0.1 41,668 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
138 0.1 41,670 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
140 0.1 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
142 0.0 41,672 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
144 0.0 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
146 0.0 41,671 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
148 0.0 41,669 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
150 0.0 41,668 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
152 0.0 41,666 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,164     100%
154 0.0 41,663 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
156 0.0 41,660 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
158 0.0 41,657 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
160 0.0 41,654 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,163     100%
162 0.0 41,650 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
164 0.0 41,646 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
166 0.0 41,642 4.9 0.05 0.05 0.00 0.05 0.05 26.76 12,162     100%
168 0.0 41,638 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
170 0.0 41,633 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,161     100%
172 0.0 41,629 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
174 0.0 41,624 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
176 0.0 41,619 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,160     100%
178 0.0 41,614 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
180 0.0 41,609 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,159     100%
182 0.0 41,604 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
184 0.0 41,599 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,158     100%
186 0.0 41,594 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,157     100%
188 0.0 41,589 4.9 0.05 0.05 0.00 0.05 0.05 26.75 12,157     100%
190 0.0 41,583 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
192 0.0 41,578 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
194 0.0 41,573 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,156     100%
196 0.0 41,567 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
198 0.0 41,562 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,155     100%
200 0.0 41,556 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,154     100%
202 0.0 41,550 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,154     100%
204 0.0 41,545 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%
206 0.0 41,539 4.9 0.05 0.05 0.00 0.05 0.05 26.74 12,153     100%
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #5 Sheet:   1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1 2 2 2

Storm Event (yrs) = 10 10 25 100
Total Drainage Area A (ac) = 49.3 42.1 42.1 42.1

Disturbed Area (ac) = 49.3 42.1 42.1 42.1
Curve Number CN = 89 88 88 88 Hydrographs

Rainfall Depth P (in) = 5.28 5.28 6.28 7.88 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 301.78 252.52 310.28 402.08 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 88,740 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 131,274 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

255 0 118,763 0 0 0
256 1 124,341 121,541 121,541 4,502
257 2 129,979 127,150 248,691 9,211
258 3 135,678 132,818 381,509 14,130
259 4 141,437 138,548 520,057 19,261
260 5 147,256 144,337 664,393 24,607
261 6 153,136 150,186 814,580 30,170

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 381,509 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 135,678 Required Surface Area Achieved

SB 05.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #5 Sheet:   2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 381,509
Number of Skimmers 2

Days to Drain = 5 assumed
Q each (cf/day) = 38,151 0.44 cfs

Selected Skimmer Size (inches) = 6
Head on Skimmer (feet) = 0.417

Diameter of Orifice (inches) = 5.1

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1 2 2 2
Storm Event (yrs) = 10 10 25 100

S = 1.24 1.36 1.36 1.36
Runoff Depth Q* (inches) = 4.04 3.94 4.90 6.45

Time to Peak Tp (min) = 28.73 28.56 28.91 29.40

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 381,509

Z2 (ft) = 6 S2 (cf) = 814,580

b = ln(S2/S1)/ln(Z2/Z1) = 1.1 Ref 2, III-8

KS = S2/Z2
b = 114,650

SB 05.xlsx
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #5 Sheet:   3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 6.00

Set Top of Dam at (ft) = 7.00

Emergency Spillway
QE (cfs) = 100-Yr Storm

QE (cfs) = 2.9
Cross Section = Trapezoid

Channel Side Slope (z) = 5 (enter X for X:1)
n = 0.03 Grass Lined

Vp (ft/sec) = 5.0 Permissible Velocity for lining Ref 2, II-7

Allowable Shear Stress (psf) = 2.0 Allowable Shear Stress for lining
Bottom Width, b (ft) = 20

Calculate Required Depth of Spillway:
Normal-Depth Procedure

AR2/3=Qn/1.49s0.5 Q=VA

Zreq=Qn/1.49s0.5 Area (A)= bd+z(d^2)

Zav=AR2/3 R=Area/(b+2d((z^2)+1)^.5)

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

Channel Slope Depth, d A V T
ft/ft (ft) (sf) Zreq R Z avail (ft/sec) (psf)
0.01 0.18 3.77 0.58 0.17 1.17 1.5 0.1
0.02 0.15 3.03 0.41 0.14 0.82 1.9 0.2

Construct the channel to be : 20 ft, Bottom Width (measured at top of lining)
1.0 ft, depth (measured at top of lining)
1% slope

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 4
Use Anti-Seep Collar Size (ft)  = 4 x 4

See Hydrograph

SB 05.xlsx
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Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #5 Sheet:   4 Of:    4

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 48 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 66.60 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 1.76
Width & Length (ft) = 5

Thickness (ft) = 1.9

Anti-Vortex Device:
Diameter of Riser (in) = 48 From Hydrograph

Cylinder Diameter (in) = 78 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 25

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 12 6 * Barrel Diameter
QB (cfs) = 5.1 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

5.1 1.66 0.51 7.4 0.43 4.22 0.7

Flow Depth = Tailwater, d (ft) = 0.51 0.5* Barrel Diameter (ft) = 1.00 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

2 6 10 12 0.3 Class A

Conclusion
The basin can contain the 10-yr storm and pass the 100-yr storm without overtopping the berm.
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    1 Of    2

Diameter of Riser (in) = 48
Circumference of Riser (in) = 150.8

Height of Riser from bottom of barrel (in) = 64 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 2 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.00 0.00
0.39 0.00 0.00 0.00 0.00 0.00
0.44 0.00 0.00 0.00 0.88 0.88
0.49 0.00 0.00 0.00 0.88 0.88
0.54 0.00 0.00 0.00 0.88 0.88
0.59 0.00 0.00 0.00 0.88 0.88
0.64 0.00 0.00 0.00 0.88 0.88
0.69 0.00 0.00 0.00 0.88 0.88
0.74 0.00 0.00 0.00 0.88 0.88
0.79 0.00 0.00 0.00 0.88 0.88
0.84 0.00 0.00 0.00 0.88 0.88
0.89 0.00 0.00 0.00 0.88 0.88
0.94 0.00 0.00 0.00 0.88 0.88
0.99 0.00 0.00 0.00 0.88 0.88
1.04 0.00 0.00 0.00 0.88 0.88
1.09 0.00 0.00 0.00 0.88 0.88
1.14 0.00 0.00 0.00 0.88 0.88
1.19 0.00 0.00 0.00 0.88 0.88
1.24 0.00 0.00 0.00 0.88 0.88
1.29 0.00 0.00 0.00 0.88 0.88
1.34 0.00 0.00 0.00 0.88 0.88
1.39 0.00 0.00 0.00 0.88 0.88
1.44 0.00 0.00 0.00 0.88 0.88
1.49 0.00 0.00 0.00 0.88 0.88
1.54 0.00 0.00 0.00 0.88 0.88
1.59 0.00 0.00 0.00 0.88 0.88

Perforations
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    2 Of    2

1.64 0.00 0.00 0.00 0.88 0.88
1.69 0.00 0.00 0.00 0.88 0.88
1.74 0.00 0.00 0.00 0.88 0.88
1.79 0.00 0.00 0.00 0.88 0.88
1.84 0.00 0.00 0.00 0.88 0.88
1.89 0.00 0.00 0.00 0.88 0.88
1.94 0.00 0.00 0.00 0.88 0.88
1.99 0.00 0.00 0.00 0.88 0.88
2.04 0.00 0.00 0.00 0.88 0.88
2.09 0.00 0.00 0.00 0.88 0.88
2.14 0.00 0.00 0.00 0.88 0.88
2.19 0.00 0.00 0.00 0.88 0.88
2.24 0.00 0.00 0.00 0.88 0.88
2.29 0.00 0.00 0.00 0.88 0.88
2.34 0.00 0.00 0.00 0.88 0.88
2.39 0.00 0.00 0.00 0.88 0.88
2.44 0.00 0.00 0.00 0.88 0.88
2.49 0.00 0.00 0.00 0.88 0.88
2.54 0.00 0.00 0.00 0.88 0.88
2.59 0.00 0.00 0.00 0.88 0.88
2.64 0.00 0.00 0.00 0.88 0.88
2.69 0.00 0.00 0.00 0.88 0.88
2.74 0.00 0.00 0.00 0.88 0.88
2.79 0.00 0.00 0.00 0.88 0.88
2.84 0.00 0.00 0.00 0.88 0.88
2.89 0.00 0.00 0.00 0.88 0.88
2.94 0.00 0.00 0.00 0.88 0.88
2.99 0.00 0.00 0.00 0.88 0.88
3.04 0.00 0.00 0.00 0.88 0.88
3.09 0.00 0.00 0.00 0.88 0.88
3.14 0.00 0.00 0.00 0.88 0.88
3.19 0.00 0.00 0.00 0.88 0.88
3.24 0.00 0.00 0.00 0.88 0.88
3.29 0.00 0.00 0.00 0.88 0.88
3.34 0.00 0.00 0.00 0.88 0.88
3.39 0.00 0.00 0.00 0.88 0.88
3.44 0.00 0.00 0.00 0.88 0.88
3.49 0.00 0.00 0.00 0.88 0.88
3.54 0.00 0.00 0.00 0.88 0.88
3.59 0.00 0.00 0.00 0.88 0.88
3.64 0.00 0.00 0.00 0.88 0.88
3.69 0.00 0.00 0.00 0.88 0.88
3.74 0.00 0.00 0.00 0.88 0.88
3.79 0.00 0.00 0.00 0.88 0.88
3.84 0.00 0.00 0.00 0.88 0.88
3.89 0.00 0.00 0.00 0.88 0.88
3.94 0.00 0.00 0.00 0.88 0.88
3.99 0.00 0.00 0.00 0.88 0.88
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Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: __1__of _2_

Qp = 301.78 cfs Sediment Basin # 5 Colon
Tp = 28.73 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 114,650

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.3 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.3 (ft) elevation 260.30 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 261.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 262.00 5.3 ft Maximum Stage 260.29 msl elevation

Length of Emergency Spillway = 20 (ft) 1.8 cfs Peak outflow

Diameter of Riser = 48 (in) 1.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 255.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 3.6 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 14.2 431 0.0 0.00 0.00 0.00 0.00 0.00 170.58 77,537     N/A
6 31.3 2,136 0.0 0.00 0.00 0.00 0.00 0.00 195.81 89,003     N/A
8 54.1 5,895 0.1 0.00 0.00 0.00 0.00 0.00 213.72 97,144     N/A

10 81.6 12,393 0.1 0.00 0.00 0.00 0.00 0.00 227.85 103,570    N/A
12 112.3 22,181 0.2 0.00 0.00 0.00 0.00 0.00 239.58 108,900    N/A
14 144.9 35,658 0.3 0.00 0.00 0.00 0.00 0.00 249.59 113,449    N/A
16 177.7 53,042 0.5 0.88 0.88 0.00 0.88 1.77 258.28 117,400    100%
18 209.3 74,157 0.7 0.88 0.88 0.00 0.88 1.77 265.85 120,840    100%
20 238.1 99,061 0.9 0.88 0.88 0.00 0.88 1.77 272.57 123,895    100%
22 262.7 127,420 1.1 0.88 0.88 0.00 0.88 1.77 278.55 126,613    100%
24 282.0 158,736 1.3 0.88 0.88 0.00 0.88 1.77 283.88 129,034    100%
26 295.1 192,369 1.6 0.88 0.88 0.00 0.88 1.77 288.62 131,190    100%
28 301.3 227,570 1.9 0.88 0.88 0.00 0.88 1.77 292.83 133,104    100%
30 300.3 263,514 2.1 0.88 0.88 0.00 0.88 1.77 296.55 134,798    100%
32 292.2 299,341 2.4 0.88 0.88 0.00 0.88 1.77 299.83 136,287    100%
34 277.4 334,197 2.7 0.88 0.88 0.00 0.88 1.77 302.69 137,587    100%
36 256.9 367,275 2.9 0.88 0.88 0.00 0.88 1.77 305.16 138,711    100%
38 234.7 397,889 3.1 0.88 0.88 0.00 0.88 1.77 307.28 139,672    100%
40 214.4 425,835 3.3 0.88 0.88 0.00 0.88 1.77 309.08 140,492    100%
42 195.8 451,346 3.5 0.88 0.88 0.00 0.88 1.77 310.64 141,198    100%
44 178.9 474,630 3.7 0.88 0.88 0.00 0.88 1.77 311.99 141,812    100%
46 163.4 495,882 3.8 0.88 0.88 0.00 0.88 1.77 313.17 142,348    100%
48 149.3 515,277 3.9 0.88 0.88 0.00 0.88 1.77 314.20 142,820    100%
50 136.3 532,975 4.1 0.88 0.88 0.00 0.88 1.77 315.12 143,236    100%
52 124.5 549,123 4.2 0.88 0.88 0.00 0.88 1.77 315.93 143,605    100%
54 113.8 563,856 4.3 0.88 0.88 0.00 0.88 1.77 316.65 143,933    100%
56 103.9 577,296 4.4 0.88 0.88 0.00 0.88 1.77 317.30 144,226    100%
58 94.9 589,555 4.5 0.88 0.88 0.00 0.88 1.77 317.87 144,487    100%
60 86.7 600,734 4.5 0.88 0.88 0.00 0.88 1.77 318.39 144,722    100%
62 79.2 610,928 4.6 0.88 0.88 0.00 0.88 1.77 318.85 144,932    100%
64 72.4 620,222 4.7 0.88 0.88 0.00 0.88 1.77 319.26 145,120    100%
66 66.1 628,693 4.7 0.88 0.88 0.00 0.88 1.77 319.64 145,290    100%
68 60.4 636,413 4.8 0.88 0.88 0.00 0.88 1.77 319.97 145,443    100%
70 55.2 643,447 4.8 0.88 0.88 0.00 0.88 1.77 320.28 145,581    100%
72 50.4 649,854 4.9 0.88 0.88 0.00 0.88 1.77 320.55 145,705    100%
74 46.0 655,688 4.9 0.88 0.88 0.00 0.88 1.77 320.80 145,818    100%
76 42.0 660,998 5.0 0.88 0.88 0.00 0.88 1.77 321.02 145,919    100%
78 38.4 665,832 5.0 0.88 0.88 0.00 0.88 1.77 321.22 146,011    100%
80 35.1 670,228 5.0 0.88 0.88 0.00 0.88 1.77 321.41 146,094    100%
82 32.0 674,226 5.0 0.88 0.88 0.00 0.88 1.77 321.57 146,169    100%
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84 29.3 677,859 5.1 0.88 0.88 0.00 0.88 1.77 321.72 146,236    100%
86 26.7 681,160 5.1 0.88 0.88 0.00 0.88 1.77 321.85 146,298    100%
88 24.4 684,157 5.1 0.88 0.88 0.00 0.88 1.77 321.98 146,353    100%
90 22.3 686,876 5.1 0.88 0.88 0.00 0.88 1.77 322.09 146,403    100%
92 20.4 689,342 5.2 0.88 0.88 0.00 0.88 1.77 322.19 146,448    100%
94 18.6 691,576 5.2 0.88 0.88 0.00 0.88 1.77 322.28 146,489    100%
96 17.0 693,598 5.2 0.88 0.88 0.00 0.88 1.77 322.36 146,526    100%
98 15.5 695,427 5.2 0.88 0.88 0.00 0.88 1.77 322.43 146,559    100%

100 14.2 697,080 5.2 0.88 0.88 0.00 0.88 1.77 322.50 146,589    100%
102 13.0 698,571 5.2 0.88 0.88 0.00 0.88 1.77 322.56 146,616    100%
104 11.8 699,915 5.2 0.88 0.88 0.00 0.88 1.77 322.61 146,641    100%
106 10.8 701,124 5.2 0.88 0.88 0.00 0.88 1.77 322.66 146,662    100%
108 9.9 702,210 5.2 0.88 0.88 0.00 0.88 1.77 322.70 146,682    100%
110 9.0 703,184 5.2 0.88 0.88 0.00 0.88 1.77 322.74 146,699    100%
112 8.2 704,055 5.3 0.88 0.88 0.00 0.88 1.77 322.77 146,715    100%
114 7.5 704,833 5.3 0.88 0.88 0.00 0.88 1.77 322.80 146,729    100%
116 6.9 705,525 5.3 0.88 0.88 0.00 0.88 1.77 322.83 146,741    100%
118 6.3 706,138 5.3 0.88 0.88 0.00 0.88 1.77 322.86 146,752    100%
120 5.7 706,681 5.3 0.88 0.88 0.00 0.88 1.77 322.88 146,762    100%
122 5.2 707,158 5.3 0.88 0.88 0.00 0.88 1.77 322.90 146,771    100%
124 4.8 707,575 5.3 0.88 0.88 0.00 0.88 1.77 322.91 146,778    100%
126 4.4 707,938 5.3 0.88 0.88 0.00 0.88 1.77 322.93 146,785    100%
128 4.0 708,251 5.3 0.88 0.88 0.00 0.88 1.77 322.94 146,790    100%
130 3.7 708,519 5.3 0.88 0.88 0.00 0.88 1.77 322.95 146,795    100%
132 3.3 708,745 5.3 0.88 0.88 0.00 0.88 1.77 322.96 146,799    100%
134 3.0 708,934 5.3 0.88 0.88 0.00 0.88 1.77 322.97 146,802    100%
136 2.8 709,087 5.3 0.88 0.88 0.00 0.88 1.77 322.97 146,805    100%
138 2.5 709,209 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,807    100%
140 2.3 709,303 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,809    100%
142 2.1 709,369 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,810    100%
144 1.9 709,412 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,811    100%
146 1.8 709,433 5.3 0.88 0.88 0.00 0.88 1.77 322.99 146,811    100%
148 1.6 709,433 5.3 0.88 0.88 0.00 0.88 1.77 322.99 146,811    100%
150 1.5 709,415 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,811    100%
152 1.3 709,381 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,810    100%
154 1.2 709,331 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,810    100%
156 1.1 709,267 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,808    100%
158 1.0 709,190 5.3 0.88 0.88 0.00 0.88 1.77 322.98 146,807    100%
160 0.9 709,101 5.3 0.88 0.88 0.00 0.88 1.77 322.97 146,805    100%
162 0.9 709,002 5.3 0.88 0.88 0.00 0.88 1.77 322.97 146,804    100%
164 0.8 708,893 5.3 0.88 0.88 0.00 0.88 1.77 322.96 146,802    100%
166 0.7 708,775 5.3 0.88 0.88 0.00 0.88 1.77 322.96 146,800    100%
168 0.7 708,649 5.3 0.88 0.88 0.00 0.88 1.77 322.95 146,797    100%
170 0.6 708,516 5.3 0.88 0.88 0.00 0.88 1.77 322.95 146,795    100%
172 0.5 708,376 5.3 0.88 0.88 0.00 0.88 1.77 322.94 146,793    100%
174 0.5 708,229 5.3 0.88 0.88 0.00 0.88 1.77 322.94 146,790    100%
176 0.5 708,077 5.3 0.88 0.88 0.00 0.88 1.77 322.93 146,787    100%
178 0.4 707,920 5.3 0.88 0.88 0.00 0.88 1.77 322.93 146,784    100%
180 0.4 707,758 5.3 0.88 0.88 0.00 0.88 1.77 322.92 146,781    100%
182 0.3 707,591 5.3 0.88 0.88 0.00 0.88 1.77 322.91 146,778    100%
184 0.3 707,421 5.3 0.88 0.88 0.00 0.88 1.77 322.91 146,775    100%
186 0.3 707,247 5.3 0.88 0.88 0.00 0.88 1.77 322.90 146,772    100%
188 0.3 707,070 5.3 0.88 0.88 0.00 0.88 1.77 322.89 146,769    100%
190 0.2 706,890 5.3 0.88 0.88 0.00 0.88 1.77 322.89 146,766    100%
192 0.2 706,707 5.3 0.88 0.88 0.00 0.88 1.77 322.88 146,763    100%
194 0.2 706,522 5.3 0.88 0.88 0.00 0.88 1.77 322.87 146,759    100%
196 0.2 706,334 5.3 0.88 0.88 0.00 0.88 1.77 322.86 146,756    100%
198 0.2 706,144 5.3 0.88 0.88 0.00 0.88 1.77 322.86 146,753    100%
200 0.2 705,952 5.3 0.88 0.88 0.00 0.88 1.77 322.85 146,749    100%
202 0.1 705,759 5.3 0.88 0.88 0.00 0.88 1.77 322.84 146,746    100%
204 0.1 705,564 5.3 0.88 0.88 0.00 0.88 1.77 322.83 146,742    100%
206 0.1 705,367 5.3 0.88 0.88 0.00 0.88 1.77 322.83 146,739    100%

SB 05.xlsx SB 10-yr (P1) HG



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100 120 140 160 180

S
T

A
G

E

F
LO

W
 (

cf
s)

TIME (min)

Sediment Basin #5 Colon Mine Phase 1 Hydrograph
10-Yr Storm

OUTFLOW

INFLOW [cfs]

STAGE [ft]



Computed By:  PAW       Date: 12/31/14

Checked By: EAW             Date: 1/2/15

Sheet: __1_of __2_

Qp = 252.52 cfs Sediment Basin # 5 Colon
Tp = 28.56 minutes Phase 2

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 114,650

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.3 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.3 (ft) elevation 260.30 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6 (ft) elevation 261.00 100% Minimum Settling Efficiency

Total Height of Dam = 7 (ft) elevation 262.00 4.5 ft Maximum Stage 259.46 msl elevation

Length of Emergency Spillway = 20 (ft) 1.8 cfs Peak outflow

Diameter of Riser = 48 (in) 1.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 255.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACIT

Y [cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 3.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 12.0 365 0.0 0.00 0.00 0.00 0.00 0.00 168.15 76,434      N/A
6 26.5 1,809 0.0 0.00 0.00 0.00 0.00 0.00 193.02 87,736      N/A
8 45.8 4,991 0.1 0.00 0.00 0.00 0.00 0.00 210.67 95,759      N/A

10 69.0 10,489 0.1 0.00 0.00 0.00 0.00 0.00 224.60 102,091    N/A
12 94.9 18,769 0.2 0.00 0.00 0.00 0.00 0.00 236.15 107,343    N/A
14 122.4 30,161 0.3 0.00 0.00 0.00 0.00 0.00 246.01 111,823    N/A
16 150.0 44,847 0.4 0.00 0.00 0.00 0.00 0.00 254.57 115,713    N/A
18 176.5 62,850 0.6 0.88 0.88 0.00 0.88 1.77 262.08 119,129    100%
20 200.6 83,819 0.8 0.88 0.88 0.00 0.88 1.77 268.67 122,123    100%
22 221.1 107,677 0.9 0.88 0.88 0.00 0.88 1.77 274.54 124,789    100%
24 237.0 133,993 1.2 0.88 0.88 0.00 0.88 1.77 279.76 127,163    100%
26 247.6 162,218 1.4 0.88 0.88 0.00 0.88 1.77 284.41 129,276    100%
28 252.3 191,713 1.6 0.88 0.88 0.00 0.88 1.77 288.53 131,151    100%
30 250.9 221,774 1.8 0.88 0.88 0.00 0.88 1.77 292.18 132,808    100%
32 243.6 251,675 2.1 0.88 0.88 0.00 0.88 1.77 295.38 134,264    100%
34 230.6 280,692 2.3 0.88 0.88 0.00 0.88 1.77 298.17 135,533    100%
36 212.9 308,147 2.5 0.88 0.88 0.00 0.88 1.77 300.58 136,628    100%
38 194.3 333,478 2.7 0.88 0.88 0.00 0.88 1.77 302.64 137,562    100%
40 177.4 356,585 2.8 0.88 0.88 0.00 0.88 1.77 304.39 138,359    100%
42 162.0 377,663 3.0 0.88 0.88 0.00 0.88 1.77 305.90 139,045    100%
44 147.9 396,889 3.1 0.88 0.88 0.00 0.88 1.77 307.21 139,642    100%
46 135.0 414,423 3.2 0.88 0.88 0.00 0.88 1.77 308.36 140,163    100%
48 123.3 430,413 3.3 0.88 0.88 0.00 0.88 1.77 309.37 140,621    100%
50 112.5 444,993 3.5 0.88 0.88 0.00 0.88 1.77 310.26 141,026    100%
52 102.7 458,285 3.5 0.88 0.88 0.00 0.88 1.77 311.04 141,384    100%
54 93.8 470,403 3.6 0.88 0.88 0.00 0.88 1.77 311.75 141,702    100%
56 85.6 481,447 3.7 0.88 0.88 0.00 0.88 1.77 312.37 141,986    100%
58 78.2 491,512 3.8 0.88 0.88 0.00 0.88 1.77 312.93 142,240    100%
60 71.4 500,683 3.8 0.88 0.88 0.00 0.88 1.77 313.43 142,466    100%
62 65.2 509,037 3.9 0.88 0.88 0.00 0.88 1.77 313.87 142,670    100%
64 59.5 516,646 4.0 0.88 0.88 0.00 0.88 1.77 314.28 142,852    100%
66 54.3 523,574 4.0 0.88 0.88 0.00 0.88 1.77 314.64 143,017    100%
68 49.6 529,881 4.1 0.88 0.88 0.00 0.88 1.77 314.96 143,164    100%
70 45.3 535,621 4.1 0.88 0.88 0.00 0.88 1.77 315.25 143,297    100%
72 41.3 540,842 4.1 0.88 0.88 0.00 0.88 1.77 315.52 143,417    100%
74 37.7 545,591 4.2 0.88 0.88 0.00 0.88 1.77 315.76 143,525    100%
76 34.5 549,908 4.2 0.88 0.88 0.00 0.88 1.77 315.97 143,623    100%
78 31.5 553,831 4.2 0.88 0.88 0.00 0.88 1.77 316.16 143,711    100%
80 28.7 557,395 4.2 0.88 0.88 0.00 0.88 1.77 316.34 143,790    100%
82 26.2 560,629 4.3 0.88 0.88 0.00 0.88 1.77 316.50 143,862    100%
84 23.9 563,564 4.3 0.88 0.88 0.00 0.88 1.77 316.64 143,927    100%
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86 21.9 566,225 4.3 0.88 0.88 0.00 0.88 1.77 316.77 143,985    100%
88 20.0 568,636 4.3 0.88 0.88 0.00 0.88 1.77 316.88 144,038    100%
90 18.2 570,818 4.3 0.88 0.88 0.00 0.88 1.77 316.99 144,086    100%
92 16.6 572,793 4.3 0.88 0.88 0.00 0.88 1.77 317.08 144,129    100%
94 15.2 574,577 4.4 0.88 0.88 0.00 0.88 1.77 317.17 144,167    100%
96 13.9 576,187 4.4 0.88 0.88 0.00 0.88 1.77 317.24 144,202    100%
98 12.7 577,639 4.4 0.88 0.88 0.00 0.88 1.77 317.31 144,233    100%

100 11.6 578,946 4.4 0.88 0.88 0.00 0.88 1.77 317.38 144,261    100%
102 10.6 580,121 4.4 0.88 0.88 0.00 0.88 1.77 317.43 144,287    100%
104 9.6 581,175 4.4 0.88 0.88 0.00 0.88 1.77 317.48 144,309    100%
106 8.8 582,119 4.4 0.88 0.88 0.00 0.88 1.77 317.52 144,329    100%
108 8.0 582,962 4.4 0.88 0.88 0.00 0.88 1.77 317.56 144,347    100%
110 7.3 583,714 4.4 0.88 0.88 0.00 0.88 1.77 317.60 144,363    100%
112 6.7 584,381 4.4 0.88 0.88 0.00 0.88 1.77 317.63 144,378    100%
114 6.1 584,972 4.4 0.88 0.88 0.00 0.88 1.77 317.66 144,390    100%
116 5.6 585,494 4.4 0.88 0.88 0.00 0.88 1.77 317.68 144,401    100%
118 5.1 585,951 4.4 0.88 0.88 0.00 0.88 1.77 317.70 144,411    100%
120 4.6 586,350 4.4 0.88 0.88 0.00 0.88 1.77 317.72 144,420    100%
122 4.2 586,696 4.4 0.88 0.88 0.00 0.88 1.77 317.74 144,427    100%
124 3.9 586,994 4.4 0.88 0.88 0.00 0.88 1.77 317.75 144,433    100%
126 3.5 587,247 4.4 0.88 0.88 0.00 0.88 1.77 317.76 144,439    100%
128 3.2 587,460 4.5 0.88 0.88 0.00 0.88 1.77 317.77 144,443    100%
130 2.9 587,635 4.5 0.88 0.88 0.00 0.88 1.77 317.78 144,447    100%
132 2.7 587,777 4.5 0.88 0.88 0.00 0.88 1.77 317.79 144,450    100%
134 2.5 587,888 4.5 0.88 0.88 0.00 0.88 1.77 317.79 144,452    100%
136 2.2 587,971 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,454    100%
138 2.0 588,029 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,455    100%
140 1.9 588,063 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,456    100%
142 1.7 588,075 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,456    100%
144 1.6 588,068 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,456    100%
146 1.4 588,044 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,455    100%
148 1.3 588,002 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,455    100%
150 1.2 587,946 4.5 0.88 0.88 0.00 0.88 1.77 317.80 144,453    100%
152 1.1 587,877 4.5 0.88 0.88 0.00 0.88 1.77 317.79 144,452    100%
154 1.0 587,795 4.5 0.88 0.88 0.00 0.88 1.77 317.79 144,450    100%
156 0.9 587,702 4.5 0.88 0.88 0.00 0.88 1.77 317.79 144,448    100%
158 0.8 587,598 4.5 0.88 0.88 0.00 0.88 1.77 317.78 144,446    100%
160 0.8 587,485 4.5 0.88 0.88 0.00 0.88 1.77 317.78 144,444    100%
162 0.7 587,363 4.5 0.88 0.88 0.00 0.88 1.77 317.77 144,441    100%
164 0.6 587,234 4.4 0.88 0.88 0.00 0.88 1.77 317.76 144,438    100%
166 0.6 587,097 4.4 0.88 0.88 0.00 0.88 1.77 317.76 144,435    100%
168 0.5 586,954 4.4 0.88 0.88 0.00 0.88 1.77 317.75 144,432    100%
170 0.5 586,805 4.4 0.88 0.88 0.00 0.88 1.77 317.74 144,429    100%
172 0.4 586,650 4.4 0.88 0.88 0.00 0.88 1.77 317.74 144,426    100%
174 0.4 586,491 4.4 0.88 0.88 0.00 0.88 1.77 317.73 144,422    100%
176 0.4 586,326 4.4 0.88 0.88 0.00 0.88 1.77 317.72 144,419    100%
178 0.3 586,158 4.4 0.88 0.88 0.00 0.88 1.77 317.71 144,415    100%
180 0.3 585,986 4.4 0.88 0.88 0.00 0.88 1.77 317.71 144,412    100%
182 0.3 585,810 4.4 0.88 0.88 0.00 0.88 1.77 317.70 144,408    100%
184 0.3 585,632 4.4 0.88 0.88 0.00 0.88 1.77 317.69 144,404    100%
186 0.2 585,450 4.4 0.88 0.88 0.00 0.88 1.77 317.68 144,400    100%
188 0.2 585,266 4.4 0.88 0.88 0.00 0.88 1.77 317.67 144,396    100%
190 0.2 585,079 4.4 0.88 0.88 0.00 0.88 1.77 317.66 144,392    100%
192 0.2 584,890 4.4 0.88 0.88 0.00 0.88 1.77 317.65 144,388    100%
194 0.2 584,699 4.4 0.88 0.88 0.00 0.88 1.77 317.65 144,384    100%
196 0.1 584,506 4.4 0.88 0.88 0.00 0.88 1.77 317.64 144,380    100%
198 0.1 584,312 4.4 0.88 0.88 0.00 0.88 1.77 317.63 144,376    100%
200 0.1 584,116 4.4 0.88 0.88 0.00 0.88 1.77 317.62 144,372    100%
202 0.1 583,919 4.4 0.88 0.88 0.00 0.88 1.77 317.61 144,368    100%
204 0.1 583,720 4.4 0.88 0.88 0.00 0.88 1.77 317.60 144,364    100%
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Qp = 310.28 cfs Sediment Basin # 5 Colon
Tp = 28.91 minutes Phase 2

dT = Max of 2 minutes 25  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 114,650

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.3 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.3 (ft) elevation 260.30 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 261.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 262.00 5.4 ft Maximum Stage 260.4 msl elevation

Length of Emergency Spillway = 20 (ft) 5.1 cfs Peak outflow

Diameter of Riser = 48 (in) 5.1 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 255.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFL
OW [cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 3.6 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 14.4 438 0.0 0.00 0.00 0.00 0.00 0.00 170.80 77,638     N/A
6 31.8 2,169 0.0 0.00 0.00 0.00 0.00 0.00 196.06 89,120     N/A
8 55.0 5,987 0.1 0.00 0.00 0.00 0.00 0.00 214.00 97,273     N/A

10 82.9 12,588 0.1 0.00 0.00 0.00 0.00 0.00 228.16 103,709   N/A
12 114.2 22,538 0.2 0.00 0.00 0.00 0.00 0.00 239.91 109,049   N/A
14 147.4 36,244 0.3 0.00 0.00 0.00 0.00 0.00 249.94 113,608   N/A
16 181.0 53,937 0.5 0.88 0.88 0.00 0.88 1.77 258.65 117,569   100%
18 213.4 75,449 0.7 0.88 0.88 0.00 0.88 1.77 266.25 121,021   100%
20 243.0 100,845 0.9 0.88 0.88 0.00 0.88 1.77 272.99 124,086   100%
22 268.5 129,797 1.1 0.88 0.88 0.00 0.88 1.77 278.99 126,815   100%
24 288.7 161,808 1.4 0.88 0.88 0.00 0.88 1.77 284.35 129,248   100%
26 302.6 196,239 1.6 0.88 0.88 0.00 0.88 1.77 289.11 131,415   100%
28 309.5 232,336 1.9 0.88 0.88 0.00 0.88 1.77 293.35 133,342   100%
30 309.2 269,266 2.2 0.88 0.88 0.00 0.88 1.77 297.11 135,049   100%
32 301.6 306,158 2.5 0.88 0.88 0.00 0.88 1.77 300.41 136,552   100%
34 287.2 342,142 2.7 0.88 0.88 0.00 0.88 1.77 303.31 137,866   100%
36 266.5 376,392 3.0 0.88 0.88 0.00 0.88 1.77 305.81 139,005   100%
38 243.9 408,163 3.2 0.88 0.88 0.00 0.88 1.77 307.95 139,979   100%
40 222.9 437,221 3.4 0.88 0.88 0.00 0.88 1.77 309.79 140,812   100%
42 203.8 463,761 3.6 0.88 0.88 0.00 0.88 1.77 311.36 141,529   100%
44 186.2 488,001 3.8 0.88 0.88 0.00 0.88 1.77 312.73 142,152   100%
46 170.2 510,138 3.9 0.88 0.88 0.00 0.88 1.77 313.93 142,696   100%
48 155.6 530,353 4.1 0.88 0.88 0.00 0.88 1.77 314.99 143,175   100%
50 142.2 548,811 4.2 0.88 0.88 0.00 0.88 1.77 315.92 143,598   100%
52 130.0 565,664 4.3 0.88 0.88 0.00 0.88 1.77 316.74 143,973   100%
54 118.8 581,049 4.4 0.88 0.88 0.00 0.88 1.77 317.47 144,306   100%
56 108.6 595,093 4.5 0.88 0.88 0.00 0.88 1.77 318.13 144,604   100%
58 99.2 607,911 4.6 0.88 0.88 0.00 0.88 1.77 318.71 144,870   100%
60 90.7 619,608 4.7 0.88 0.88 0.00 0.88 1.77 319.24 145,108   100%
62 82.9 630,281 4.7 0.88 0.88 0.00 0.88 1.77 319.71 145,322   100%
64 75.8 640,019 4.8 0.88 0.88 0.00 0.88 1.77 320.13 145,514   100%
66 69.3 648,900 4.9 0.88 0.88 0.00 0.88 1.77 320.51 145,687   100%
68 63.3 656,999 4.9 0.88 0.88 0.00 0.88 1.77 320.85 145,843   100%
70 57.9 664,384 5.0 0.88 0.88 0.00 0.88 1.77 321.16 145,983   100%
72 52.9 671,115 5.0 0.88 0.88 0.00 0.88 1.77 321.44 146,110   100%
74 48.3 677,250 5.1 0.88 0.88 0.00 0.88 1.77 321.69 146,225   100%
76 44.2 682,838 5.1 0.88 0.88 0.00 0.88 1.77 321.92 146,329   100%
78 40.4 687,928 5.1 0.88 0.88 0.00 0.88 1.77 322.13 146,422   100%
80 36.9 692,562 5.2 0.88 0.88 0.00 0.88 1.77 322.32 146,507   100%
82 33.7 696,779 5.2 0.88 0.88 0.00 0.88 1.77 322.48 146,584   100%
84 30.8 700,615 5.2 0.88 0.88 0.00 0.88 1.77 322.64 146,653   100%
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86 28.2 704,103 5.3 0.88 0.88 0.00 0.88 1.77 322.78 146,716   100%
88 25.8 707,273 5.3 0.88 0.88 0.00 0.88 1.77 322.90 146,773   100%
90 23.5 710,152 5.3 0.88 0.88 0.00 0.88 1.77 323.01 146,824   100%
92 21.5 712,765 5.3 0.88 0.93 0.00 31.36 1.86 323.12 146,871   100%
94 19.7 715,124 5.3 0.88 1.07 0.00 31.42 2.13 323.21 146,913   100%
96 18.0 717,228 5.3 0.88 1.23 0.00 31.47 2.46 323.29 146,950   100%
98 16.4 719,090 5.4 0.88 1.40 0.00 31.51 2.80 323.36 146,983   100%

100 15.0 720,725 5.4 0.88 1.57 0.00 31.55 3.14 323.43 147,011   100%
102 13.7 722,150 5.4 0.88 1.73 0.00 31.59 3.46 323.48 147,036   100%
104 12.5 723,382 5.4 0.88 1.88 0.00 31.62 3.75 323.53 147,058   100%
106 11.5 724,437 5.4 0.88 2.01 0.00 31.64 4.02 323.57 147,077   100%
108 10.5 725,332 5.4 0.88 2.12 0.00 31.67 4.25 323.60 147,092   100%
110 9.6 726,080 5.4 0.88 2.22 0.00 31.68 4.44 323.63 147,105   100%
112 8.8 726,696 5.4 0.88 2.31 0.00 31.70 4.61 323.66 147,116   100%
114 8.0 727,193 5.4 0.88 2.38 0.00 31.71 4.75 323.67 147,125   100%
116 7.3 727,583 5.4 0.88 2.43 0.00 31.72 4.86 323.69 147,131   100%
118 6.7 727,878 5.4 0.88 2.47 0.00 31.73 4.94 323.70 147,137   100%
120 6.1 728,087 5.4 0.88 2.50 0.00 31.73 5.00 323.71 147,140   100%
122 5.6 728,220 5.4 0.88 2.52 0.00 31.74 5.04 323.71 147,143   100%
124 5.1 728,285 5.4 0.88 2.53 0.00 31.74 5.06 323.72 147,144   100%
126 4.7 728,290 5.4 0.88 2.53 0.00 31.74 5.06 323.72 147,144   100%
128 4.3 728,243 5.4 0.88 2.52 0.00 31.74 5.05 323.71 147,143   100%
130 3.9 728,148 5.4 0.88 2.51 0.00 31.74 5.02 323.71 147,141   100%
132 3.6 728,014 5.4 0.88 2.49 0.00 31.73 4.98 323.71 147,139   100%
134 3.3 727,843 5.4 0.88 2.47 0.00 31.73 4.93 323.70 147,136   100%
136 3.0 727,642 5.4 0.88 2.44 0.00 31.72 4.88 323.69 147,132   100%
138 2.7 727,414 5.4 0.88 2.41 0.00 31.72 4.81 323.68 147,129   100%
140 2.5 727,163 5.4 0.88 2.37 0.00 31.71 4.74 323.67 147,124   100%
142 2.3 726,892 5.4 0.88 2.33 0.00 31.70 4.67 323.66 147,119   100%
144 2.1 726,605 5.4 0.88 2.29 0.00 31.70 4.59 323.65 147,114   100%
146 1.9 726,304 5.4 0.88 2.25 0.00 31.69 4.51 323.64 147,109   100%
148 1.7 725,991 5.4 0.88 2.21 0.00 31.68 4.42 323.63 147,104   100%
150 1.6 725,668 5.4 0.88 2.17 0.00 31.67 4.33 323.62 147,098   100%
152 1.4 725,339 5.4 0.88 2.12 0.00 31.67 4.25 323.60 147,092   100%
154 1.3 725,003 5.4 0.88 2.08 0.00 31.66 4.16 323.59 147,086   100%
156 1.2 724,662 5.4 0.88 2.04 0.00 31.65 4.07 323.58 147,080   100%
158 1.1 724,319 5.4 0.88 1.99 0.00 31.64 3.99 323.56 147,074   100%
160 1.0 723,974 5.4 0.88 1.95 0.00 31.63 3.90 323.55 147,068   100%
162 0.9 723,627 5.4 0.88 1.91 0.00 31.62 3.81 323.54 147,062   100%
164 0.8 723,281 5.4 0.88 1.86 0.00 31.62 3.73 323.52 147,056   100%
166 0.8 722,935 5.4 0.88 1.82 0.00 31.61 3.64 323.51 147,050   100%
168 0.7 722,590 5.4 0.88 1.78 0.00 31.60 3.56 323.50 147,044   100%
170 0.6 722,247 5.4 0.88 1.74 0.00 31.59 3.48 323.48 147,038   100%
172 0.6 721,907 5.4 0.88 1.70 0.00 31.58 3.40 323.47 147,032   100%
174 0.5 721,569 5.4 0.88 1.66 0.00 31.57 3.33 323.46 147,026   100%
176 0.5 721,235 5.4 0.88 1.63 0.00 31.57 3.25 323.44 147,020   100%
178 0.5 720,904 5.4 0.88 1.59 0.00 31.56 3.18 323.43 147,015   100%
180 0.4 720,576 5.4 0.88 1.55 0.00 31.55 3.11 323.42 147,009   100%
182 0.4 720,253 5.4 0.88 1.52 0.00 31.54 3.04 323.41 147,003   100%
184 0.3 719,933 5.4 0.88 1.49 0.00 31.53 2.97 323.39 146,997   100%
186 0.3 719,617 5.4 0.88 1.45 0.00 31.53 2.91 323.38 146,992   100%
188 0.3 719,306 5.4 0.88 1.42 0.00 31.52 2.85 323.37 146,986   100%
190 0.3 718,999 5.4 0.88 1.39 0.00 31.51 2.79 323.36 146,981   100%
192 0.2 718,696 5.4 0.88 1.36 0.00 31.50 2.73 323.35 146,976   100%
194 0.2 718,398 5.3 0.88 1.34 0.00 31.50 2.67 323.33 146,970   100%
196 0.2 718,103 5.3 0.88 1.31 0.00 31.49 2.62 323.32 146,965   100%
198 0.2 717,814 5.3 0.88 1.28 0.00 31.48 2.56 323.31 146,960   100%
200 0.2 717,528 5.3 0.88 1.26 0.00 31.47 2.51 323.30 146,955   100%
202 0.2 717,247 5.3 0.88 1.23 0.00 31.47 2.46 323.29 146,950   100%
204 0.1 716,969 5.3 0.88 1.21 0.00 31.46 2.42 323.28 146,945   100%
206 0.1 716,696 5.3 0.88 1.19 0.00 31.45 2.37 323.27 146,940   100%

SB 05.xlsx SB 25-yr HG (P2)
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Qp = 402.1 cfs Sediment Basin # 5 Colon
Tp = 29.4 minutes Phase 2

dT = Max of 2 minutes 100  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 114,650

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 3.3 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.3 (ft) elevation 260.30 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 261.00 97% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 262.00 6.1 ft Maximum Stage 261.1 msl elevation

Length of Emergency Spillway = 20 (ft) 67.5 cfs Peak outflow

Diameter of Riser = 48 (in) 64.7 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 255.0 2.9 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 4.6 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 18.1 549 0.0 0.00 0.00 0.00 0.00 0.00 174.16 79,166       N/A
6 39.9 2,719 0.0 0.00 0.00 0.00 0.00 0.00 199.93 90,876       N/A
8 69.1 7,511 0.1 0.00 0.00 0.00 0.00 0.00 218.23 99,193       N/A

10 104.3 15,802 0.2 0.00 0.00 0.00 0.00 0.00 232.68 105,762     N/A
12 143.8 28,315 0.3 0.00 0.00 0.00 0.00 0.00 244.67 111,216     N/A
14 186.0 45,576 0.4 0.00 0.00 0.00 0.00 0.00 254.92 115,874     N/A
16 228.9 67,900 0.6 0.88 0.88 0.00 0.88 1.77 263.84 119,926     100%
18 270.5 95,154 0.8 0.88 0.88 0.00 0.88 1.77 271.62 123,466     100%
20 308.9 127,401 1.1 0.88 0.88 0.00 0.88 1.77 278.55 126,611     100%
22 342.4 164,259 1.4 0.88 0.88 0.00 0.88 1.77 284.71 129,415     100%
24 369.5 205,141 1.7 0.88 0.88 0.00 0.88 1.77 290.22 131,919     100%
26 389.0 249,274 2.0 0.88 0.88 0.00 0.88 1.77 295.14 134,154     100%
28 399.8 295,737 2.4 0.88 0.88 0.00 0.88 1.77 299.52 136,145     100%
30 401.7 343,506 2.7 0.88 0.88 0.00 0.88 1.77 303.41 137,914     100%
32 394.4 391,494 3.1 0.88 0.88 0.00 0.88 1.77 306.85 139,477     100%
34 378.3 438,606 3.4 0.88 0.88 0.00 0.88 1.77 309.87 140,850     100%
36 354.1 483,786 3.7 0.88 0.88 0.00 0.88 1.77 312.50 142,045     100%
38 325.1 526,066 4.0 0.88 0.88 0.00 0.88 1.77 314.77 143,075     100%
40 297.6 564,868 4.3 0.88 0.88 0.00 0.88 1.77 316.70 143,956     100%
42 272.4 600,369 4.5 0.88 0.88 0.00 0.88 1.77 318.37 144,714     100%
44 249.4 632,846 4.8 0.88 0.88 0.00 0.88 1.77 319.82 145,373     100%
46 228.2 662,557 5.0 0.88 0.88 0.00 0.88 1.77 321.09 145,949     100%
48 208.9 689,735 5.2 0.88 0.88 0.00 0.88 1.77 322.20 146,455     100%
50 191.2 714,594 5.3 0.88 1.03 0.00 31.40 2.06 323.19 146,903     100%
52 175.1 737,297 5.5 0.88 3.99 0.00 31.96 7.97 324.06 147,300     100%
54 160.2 757,347 5.6 0.88 8.16 0.00 32.44 16.33 324.81 147,641     100%
56 146.7 774,616 5.7 0.88 12.59 0.00 32.85 25.19 325.44 147,928     99%
58 134.3 789,195 5.8 0.88 16.83 0.00 33.19 33.67 325.97 148,166     99%
60 122.9 801,267 5.9 0.88 20.66 0.00 33.47 41.31 326.39 148,360     99%
62 112.5 811,057 6.0 0.88 23.95 0.00 33.69 47.89 326.73 148,515     98%
64 103.0 818,810 6.0 0.88 26.67 0.29 33.87 53.62 327.00 148,637     98%
66 94.3 824,732 6.1 0.88 28.81 1.07 34.00 58.69 327.21 148,730     97%
68 86.3 829,001 6.1 0.88 30.39 1.81 34.10 62.59 327.35 148,796     97%
70 79.0 831,844 6.1 0.88 31.46 2.37 34.16 65.28 327.45 148,840     97%
72 72.3 833,487 6.1 0.88 32.08 2.72 34.20 66.88 327.50 148,865     97%
74 66.2 834,137 6.1 0.88 32.33 2.86 34.21 67.51 327.53 148,875     97%
76 60.6 833,976 6.1 0.88 32.26 2.83 34.21 67.35 327.52 148,873     97%
78 55.4 833,163 6.1 0.88 31.96 2.65 34.19 66.56 327.49 148,860     97%
80 50.8 831,829 6.1 0.88 31.45 2.37 34.16 65.27 327.45 148,840     97%
82 46.5 830,087 6.1 0.88 30.79 2.02 34.12 63.61 327.39 148,813     97%
84 42.5 828,029 6.1 0.88 30.03 1.63 34.07 61.69 327.32 148,781     97%
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86 38.9 825,729 6.1 0.88 29.18 1.23 34.02 59.58 327.24 148,745     97%
88 35.6 823,250 6.1 0.88 28.27 0.85 33.97 57.38 327.15 148,707     97%
90 32.6 820,640 6.0 0.88 27.32 0.49 33.91 55.14 327.07 148,666     98%
92 29.9 817,938 6.0 0.88 26.36 0.20 33.85 52.91 326.97 148,624     98%
94 27.3 815,170 6.0 0.88 25.38 0.02 33.78 50.77 326.88 148,580     98%
96 25.0 812,357 6.0 0.88 24.40 0.00 33.72 48.79 326.78 148,536     98%
98 22.9 809,504 6.0 0.88 23.41 0.00 33.66 46.83 326.68 148,491     98%

100 21.0 806,633 5.9 0.88 22.44 0.00 33.59 44.88 326.58 148,445     98%
102 19.2 803,763 5.9 0.88 21.48 0.00 33.52 42.96 326.48 148,400     98%
104 17.6 800,910 5.9 0.88 20.54 0.00 33.46 41.08 326.38 148,354     99%
106 16.1 798,088 5.9 0.88 19.62 0.00 33.39 39.25 326.28 148,309     99%
108 14.7 795,307 5.9 0.88 18.74 0.00 33.33 37.47 326.18 148,265     99%
110 13.5 792,576 5.9 0.88 17.88 0.00 33.27 35.76 326.09 148,221     99%
112 12.3 789,902 5.8 0.88 17.05 0.00 33.20 34.10 325.99 148,177     99%
114 11.3 787,289 5.8 0.88 16.26 0.00 33.14 32.51 325.90 148,135     99%
116 10.3 784,742 5.8 0.88 15.49 0.00 33.08 30.99 325.81 148,094     99%
118 9.5 782,263 5.8 0.88 14.76 0.00 33.03 29.53 325.72 148,053     99%
120 8.7 779,855 5.8 0.88 14.07 0.00 32.97 28.14 325.63 148,014     99%
122 7.9 777,517 5.8 0.88 13.40 0.00 32.92 26.81 325.55 147,976     99%
124 7.3 775,251 5.7 0.88 12.77 0.00 32.86 25.54 325.46 147,939     99%
126 6.6 773,057 5.7 0.88 12.17 0.00 32.81 24.33 325.39 147,902     99%
128 6.1 770,933 5.7 0.88 11.59 0.00 32.76 23.18 325.31 147,867     99%
130 5.6 768,880 5.7 0.88 11.05 0.00 32.71 22.09 325.23 147,833     100%
132 5.1 766,897 5.7 0.88 10.53 0.00 32.67 21.06 325.16 147,800     100%
134 4.7 764,981 5.7 0.88 10.04 0.00 32.62 20.07 325.09 147,769     100%
136 4.3 763,131 5.7 0.88 9.57 0.00 32.58 19.14 325.02 147,738     100%
138 3.9 761,346 5.6 0.88 9.13 0.00 32.53 18.26 324.96 147,708     100%
140 3.6 759,624 5.6 0.88 8.71 0.00 32.49 17.42 324.89 147,679     100%
142 3.3 757,962 5.6 0.88 8.31 0.00 32.45 16.62 324.83 147,651     100%
144 3.0 756,360 5.6 0.88 7.93 0.00 32.42 15.87 324.77 147,624     100%
146 2.7 754,816 5.6 0.88 7.58 0.00 32.38 15.15 324.72 147,598     100%
148 2.5 753,327 5.6 0.88 7.24 0.00 32.34 14.47 324.66 147,573     100%
150 2.3 751,891 5.6 0.88 6.92 0.00 32.31 13.83 324.61 147,549     100%
152 2.1 750,507 5.6 0.88 6.61 0.00 32.28 13.22 324.56 147,525     100%
154 1.9 749,172 5.6 0.88 6.32 0.00 32.24 12.65 324.51 147,503     100%
156 1.8 747,885 5.5 0.88 6.05 0.00 32.21 12.10 324.46 147,481     100%
158 1.6 746,645 5.5 0.88 5.79 0.00 32.18 11.58 324.41 147,460     100%
160 1.5 745,449 5.5 0.88 5.55 0.00 32.15 11.09 324.37 147,439     100%
162 1.4 744,295 5.5 0.88 5.31 0.00 32.13 10.62 324.32 147,420     100%
164 1.2 743,182 5.5 0.88 5.09 0.00 32.10 10.18 324.28 147,401     100%
166 1.1 742,109 5.5 0.88 4.88 0.00 32.07 9.76 324.24 147,382     100%
168 1.0 741,073 5.5 0.88 4.68 0.00 32.05 9.37 324.20 147,365     100%
170 0.9 740,073 5.5 0.88 4.49 0.00 32.03 8.99 324.16 147,347     100%
172 0.9 739,108 5.5 0.88 4.32 0.00 32.00 8.63 324.13 147,331     100%
174 0.8 738,177 5.5 0.88 4.15 0.00 31.98 8.29 324.09 147,315     100%
176 0.7 737,277 5.5 0.88 3.98 0.00 31.96 7.97 324.06 147,299     100%
178 0.7 736,409 5.5 0.88 3.83 0.00 31.94 7.66 324.03 147,284     100%
180 0.6 735,569 5.5 0.88 3.69 0.00 31.92 7.37 323.99 147,270     100%
182 0.6 734,758 5.5 0.88 3.55 0.00 31.90 7.09 323.96 147,256     100%
184 0.5 733,974 5.5 0.88 3.42 0.00 31.88 6.83 323.93 147,242     100%
186 0.5 733,215 5.4 0.88 3.29 0.00 31.86 6.58 323.90 147,229     100%
188 0.4 732,482 5.4 0.88 3.17 0.00 31.84 6.34 323.88 147,217     100%
190 0.4 731,772 5.4 0.88 3.06 0.00 31.82 6.12 323.85 147,204     100%
192 0.4 731,085 5.4 0.88 2.95 0.00 31.81 5.90 323.82 147,192     100%
194 0.3 730,420 5.4 0.88 2.85 0.00 31.79 5.69 323.80 147,181     100%
196 0.3 729,776 5.4 0.88 2.75 0.00 31.78 5.50 323.77 147,170     100%
198 0.3 729,152 5.4 0.88 2.66 0.00 31.76 5.31 323.75 147,159     100%
200 0.3 728,548 5.4 0.88 2.57 0.00 31.75 5.14 323.73 147,148     100%
202 0.2 727,962 5.4 0.88 2.48 0.00 31.73 4.97 323.70 147,138     100%
204 0.2 727,393 5.4 0.88 2.40 0.00 31.72 4.81 323.68 147,128     100%

SB 05.xlsx SB 100-yr HG (P2)
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #6 Sheet:   1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1

Storm Event (yrs) = 10
Total Drainage Area A (ac) = 15.3

Disturbed Area (ac) = 15.3
Curve Number CN = 89 Hydrographs

Rainfall Depth P (in) = 5.28 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 93.60 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 27,540 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 40,716 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

249 0 30,723 - - -
250 1 34,084 32,389 32,389 1,200
251 2 37,519 35,788 68,177 2,525
252 3 41,027 39,260 107,437 3,979
253 4 44,808 42,904 150,340 5,568
254 5 48,997 46,887 197,227 7,305
255 6 52,981 50,976 248,203 9,193

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 107,437 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 41,027 Required Surface Area Achieved

SB 06.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #6 Sheet:   2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 107,437
Number of Skimmers 1

Days to Drain = 5 assumed
Q each (cf/day) = 21,487 0.25 cfs

Selected Skimmer Size (inches) = 5
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 4.0

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1
Storm Event (yrs) = 10

S = 1.24
Runoff Depth Q* (inches) = 4.04

Time to Peak Tp (min) = 28.75

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 107,437

Z2 (ft) = 6 S2 (cf) = 248,203

b = ln(S2/S1)/ln(Z2/Z1) = 1.2 Ref 2, III-8

KS = S2/Z2
b = 28,495

SB 06.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #6 Sheet:  3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 6.00

Set Top of Dam at (ft) = 7.00

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 2
Use Anti-Seep Collar Size (ft)  = 2 x 2

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 12 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 4.32 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 0.11
Width & Length (ft) = 2

Thickness (ft) = 0.8

Anti-Vortex Device:
Diameter of Riser (in) = 12 From Hydrograph

Cylinder Diameter (in) = 18 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 6

See Hydrograph

SB 06.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #6 Sheet:  4 Of:    4

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 6 6 * Barrel Diameter
QB (cfs) = 0.2 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

0.2 0.08 0.07 0.5 0.07 0.08 0.5

Flow Depth = Tailwater, d (ft) = 0.07 0.5* Barrel Diameter (ft) = 0.50 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

1 3 10 11 0.3 Class A

Conclusion Temporary basin, the  25 yr and 100 storms were not routed 
The basin can contain the 10-yr storm.

SB 06.xlsx
SB Dims



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    1 Of   2

Diameter of Riser (in) = 12
Circumference of Riser (in) = 37.7

Height of Riser from bottom of barrel (in) = 66 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 1 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.25 0.25
0.39 0.00 0.00 0.00 0.25 0.25
0.44 0.00 0.00 0.00 0.25 0.25
0.49 0.00 0.00 0.00 0.25 0.25
0.54 0.00 0.00 0.00 0.25 0.25
0.59 0.00 0.00 0.00 0.25 0.25
0.64 0.00 0.00 0.00 0.25 0.25
0.69 0.00 0.00 0.00 0.25 0.25
0.74 0.00 0.00 0.00 0.25 0.25
0.79 0.00 0.00 0.00 0.25 0.25
0.84 0.00 0.00 0.00 0.25 0.25
0.89 0.00 0.00 0.00 0.25 0.25
0.94 0.00 0.00 0.00 0.25 0.25
0.99 0.00 0.00 0.00 0.25 0.25
1.04 0.00 0.00 0.00 0.25 0.25
1.09 0.00 0.00 0.00 0.25 0.25
1.14 0.00 0.00 0.00 0.25 0.25
1.19 0.00 0.00 0.00 0.25 0.25
1.24 0.00 0.00 0.00 0.25 0.25
1.29 0.00 0.00 0.00 0.25 0.25
1.34 0.00 0.00 0.00 0.25 0.25
1.39 0.00 0.00 0.00 0.25 0.25
1.44 0.00 0.00 0.00 0.25 0.25
1.49 0.00 0.00 0.00 0.25 0.25
1.54 0.00 0.00 0.00 0.25 0.25
1.59 0.00 0.00 0.00 0.25 0.25

Perforations

SB 06.xlsx Pipe Perf-Skimmer



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    2 Of   2

1.64 0.00 0.00 0.00 0.25 0.25
1.69 0.00 0.00 0.00 0.25 0.25
1.74 0.00 0.00 0.00 0.25 0.25
1.79 0.00 0.00 0.00 0.25 0.25
1.84 0.00 0.00 0.00 0.25 0.25
1.89 0.00 0.00 0.00 0.25 0.25
1.94 0.00 0.00 0.00 0.25 0.25
1.99 0.00 0.00 0.00 0.25 0.25
2.04 0.00 0.00 0.00 0.25 0.25
2.09 0.00 0.00 0.00 0.25 0.25
2.14 0.00 0.00 0.00 0.25 0.25
2.19 0.00 0.00 0.00 0.25 0.25
2.24 0.00 0.00 0.00 0.25 0.25
2.29 0.00 0.00 0.00 0.25 0.25
2.34 0.00 0.00 0.00 0.25 0.25
2.39 0.00 0.00 0.00 0.25 0.25
2.44 0.00 0.00 0.00 0.25 0.25
2.49 0.00 0.00 0.00 0.25 0.25
2.54 0.00 0.00 0.00 0.25 0.25
2.59 0.00 0.00 0.00 0.25 0.25
2.64 0.00 0.00 0.00 0.25 0.25
2.69 0.00 0.00 0.00 0.25 0.25
2.74 0.00 0.00 0.00 0.25 0.25
2.79 0.00 0.00 0.00 0.25 0.25
2.84 0.00 0.00 0.00 0.25 0.25
2.89 0.00 0.00 0.00 0.25 0.25
2.94 0.00 0.00 0.00 0.25 0.25
2.99 0.00 0.00 0.00 0.25 0.25
3.04 0.00 0.00 0.00 0.25 0.25
3.09 0.00 0.00 0.00 0.25 0.25
3.14 0.00 0.00 0.00 0.25 0.25
3.19 0.00 0.00 0.00 0.25 0.25
3.24 0.00 0.00 0.00 0.25 0.25
3.29 0.00 0.00 0.00 0.25 0.25
3.34 0.00 0.00 0.00 0.25 0.25
3.39 0.00 0.00 0.00 0.25 0.25
3.44 0.00 0.00 0.00 0.25 0.25
3.49 0.00 0.00 0.00 0.25 0.25
3.54 0.00 0.00 0.00 0.25 0.25
3.59 0.00 0.00 0.00 0.25 0.25
3.64 0.00 0.00 0.00 0.25 0.25
3.69 0.00 0.00 0.00 0.25 0.25
3.74 0.00 0.00 0.00 0.25 0.25
3.79 0.00 0.00 0.00 0.25 0.25
3.84 0.00 0.00 0.00 0.25 0.25
3.89 0.00 0.00 0.00 0.25 0.25
3.94 0.00 0.00 0.00 0.25 0.25
3.99 0.00 0.00 0.00 0.25 0.25

SB 06.xlsx Pipe Perf-Skimmer



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _1__of _2__

Qp = 93.60 cfs Sediment Basin # 6 Colon
Tp = 28.75 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.2
Number of Riser/Barrel Assemblies 1 Ks = 28,495

Diameter of Barrel = 12 (in)

Height of Riser above barrel = 4.5 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5.5 (ft) elevation 254.50 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.0 (ft) elevation 255.00 100% Minimum Settling Efficiency

Total Height of Dam = 7.0 (ft) elevation 256.00 5.5 ft Maximum Stage 254.48 msl elevation

Length of Emergency Spillway = 10 (ft) 0.2 cfs Peak outflow

Diameter of Riser = 12 (in) 0.2 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 249.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.1 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 4.4 134 0.0 0.00 0.00 0.00 0.00 0.00 30.08 13,671     N/A
6 9.7 662 0.0 0.00 0.00 0.00 0.00 0.00 39.62 18,007     N/A
8 16.8 1,826 0.1 0.00 0.00 0.00 0.00 0.00 47.18 21,447     N/A

10 25.3 3,839 0.2 0.00 0.00 0.00 0.00 0.00 53.62 24,375     N/A
12 34.8 6,872 0.3 0.00 0.00 0.00 0.00 0.00 59.28 26,945     N/A
14 44.9 11,048 0.5 0.25 0.25 0.00 0.25 0.25 64.33 29,241     100%
16 55.1 16,405 0.6 0.25 0.25 0.00 0.25 0.25 68.86 31,301     100%
18 64.9 22,984 0.8 0.25 0.25 0.00 0.25 0.25 72.98 33,172     100%
20 73.8 30,738 1.1 0.25 0.25 0.00 0.25 0.25 76.73 34,875     100%
22 81.4 39,564 1.3 0.25 0.25 0.00 0.25 0.25 80.13 36,425     100%
24 87.4 49,307 1.6 0.25 0.25 0.00 0.25 0.25 83.23 37,832     100%
26 91.5 59,770 1.8 0.25 0.25 0.00 0.25 0.25 86.04 39,107     100%
28 93.4 70,721 2.1 0.25 0.25 0.00 0.25 0.25 88.56 40,257     100%
30 93.2 81,905 2.4 0.25 0.25 0.00 0.25 0.25 90.83 41,287     100%
32 90.7 93,054 2.7 0.25 0.25 0.00 0.25 0.25 92.85 42,205     100%
34 86.1 103,905 2.9 0.25 0.25 0.00 0.25 0.25 94.63 43,014     100%
36 79.8 114,207 3.2 0.25 0.25 0.00 0.25 0.25 96.18 43,720     100%
38 72.9 123,747 3.4 0.25 0.25 0.00 0.25 0.25 97.52 44,328     100%
40 66.6 132,460 3.6 0.25 0.25 0.00 0.25 0.25 98.67 44,851     100%
42 60.8 140,417 3.7 0.25 0.25 0.00 0.25 0.25 99.67 45,304     100%
44 55.5 147,683 3.9 0.25 0.25 0.00 0.25 0.25 100.54 45,699     100%
46 50.7 154,318 4.0 0.25 0.25 0.00 0.25 0.25 101.30 46,046     100%
48 46.4 160,377 4.2 0.25 0.25 0.00 0.25 0.25 101.98 46,353     100%
50 42.3 165,910 4.3 0.25 0.25 0.00 0.25 0.25 102.57 46,624     100%
52 38.7 170,961 4.4 0.25 0.25 0.00 0.25 0.25 103.10 46,866     100%
54 35.3 175,573 4.5 0.25 0.25 0.00 0.25 0.25 103.58 47,081     100%
56 32.3 179,784 4.6 0.25 0.25 0.00 0.25 0.25 104.00 47,273     100%
58 29.5 183,627 4.7 0.25 0.25 0.00 0.25 0.25 104.38 47,446     100%
60 26.9 187,136 4.7 0.25 0.25 0.00 0.25 0.25 104.72 47,601     100%
62 24.6 190,339 4.8 0.25 0.25 0.00 0.25 0.25 105.03 47,740     100%
64 22.5 193,263 4.9 0.25 0.25 0.00 0.25 0.25 105.30 47,866     100%
66 20.5 195,931 4.9 0.25 0.25 0.00 0.25 0.25 105.55 47,979     100%
68 18.8 198,365 5.0 0.25 0.25 0.00 0.25 0.25 105.78 48,081     100%
70 17.1 200,587 5.0 0.25 0.25 0.00 0.25 0.25 105.98 48,173     100%
72 15.7 202,614 5.1 0.25 0.25 0.00 0.25 0.25 106.16 48,257     100%
74 14.3 204,463 5.1 0.25 0.25 0.00 0.25 0.25 106.33 48,332     100%
76 13.1 206,149 5.1 0.25 0.25 0.00 0.25 0.25 106.48 48,401     100%
78 11.9 207,687 5.2 0.25 0.25 0.00 0.25 0.25 106.62 48,463     100%
80 10.9 209,090 5.2 0.25 0.25 0.00 0.25 0.25 106.74 48,519     100%
82 10.0 210,369 5.2 0.25 0.25 0.00 0.25 0.25 106.85 48,570     100%

SB 06.xlsx SB 10-yr (P1) HG
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84 9.1 211,534 5.3 0.25 0.25 0.00 0.25 0.25 106.96 48,616     100%
86 8.3 212,596 5.3 0.25 0.25 0.00 0.25 0.25 107.05 48,658     100%
88 7.6 213,564 5.3 0.25 0.25 0.00 0.25 0.25 107.13 48,696     100%
90 6.9 214,445 5.3 0.25 0.25 0.00 0.25 0.25 107.21 48,731     100%
92 6.3 215,248 5.3 0.25 0.25 0.00 0.25 0.25 107.28 48,762     100%
94 5.8 215,979 5.3 0.25 0.25 0.00 0.25 0.25 107.34 48,790     100%
96 5.3 216,644 5.4 0.25 0.25 0.00 0.25 0.25 107.40 48,816     100%
98 4.8 217,249 5.4 0.25 0.25 0.00 0.25 0.25 107.45 48,840     100%

100 4.4 217,798 5.4 0.25 0.25 0.00 0.25 0.25 107.49 48,861     100%
102 4.0 218,298 5.4 0.25 0.25 0.00 0.25 0.25 107.54 48,880     100%
104 3.7 218,752 5.4 0.25 0.25 0.00 0.25 0.25 107.58 48,898     100%
106 3.4 219,164 5.4 0.25 0.25 0.00 0.25 0.25 107.61 48,914     100%
108 3.1 219,538 5.4 0.25 0.25 0.00 0.25 0.25 107.64 48,928     100%
110 2.8 219,877 5.4 0.25 0.25 0.00 0.25 0.25 107.67 48,941     100%
112 2.6 220,185 5.4 0.25 0.25 0.00 0.25 0.25 107.70 48,953     100%
114 2.3 220,462 5.4 0.25 0.25 0.00 0.25 0.25 107.72 48,963     100%
116 2.1 220,714 5.4 0.25 0.25 0.00 0.25 0.25 107.74 48,973     100%
118 2.0 220,941 5.4 0.25 0.25 0.00 0.25 0.25 107.76 48,982     100%
120 1.8 221,146 5.5 0.25 0.25 0.00 0.25 0.25 107.78 48,990     100%
122 1.6 221,330 5.5 0.25 0.25 0.00 0.25 0.25 107.79 48,997     100%
124 1.5 221,496 5.5 0.25 0.25 0.00 0.25 0.25 107.81 49,003     100%
126 1.4 221,645 5.5 0.25 0.25 0.00 0.25 0.25 107.82 49,009     100%
128 1.2 221,779 5.5 0.25 0.25 0.00 0.25 0.25 107.83 49,014     100%
130 1.1 221,898 5.5 0.25 0.25 0.00 0.25 0.25 107.84 49,018     100%
132 1.0 222,005 5.5 0.25 0.25 0.00 0.25 0.25 107.85 49,022     100%
134 0.9 222,100 5.5 0.25 0.25 0.00 0.25 0.25 107.86 49,026     100%
136 0.9 222,184 5.5 0.25 0.25 0.00 0.25 0.25 107.86 49,029     100%
138 0.8 222,258 5.5 0.25 0.25 0.00 0.25 0.25 107.87 49,032     100%
140 0.7 222,323 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,034     100%
142 0.7 222,380 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,036     100%
144 0.6 222,429 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,038     100%
146 0.6 222,472 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,040     100%
148 0.5 222,508 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,041     100%
150 0.5 222,539 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,043     100%
152 0.4 222,564 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,043     100%
154 0.4 222,585 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,044     100%
156 0.4 222,601 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,045     100%
158 0.3 222,613 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,045     100%
160 0.3 222,622 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
162 0.3 222,627 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
164 0.2 222,629 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
166 0.2 222,629 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
168 0.2 222,626 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
170 0.2 222,620 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,046     100%
172 0.2 222,613 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,045     100%
174 0.2 222,603 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,045     100%
176 0.1 222,592 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,045     100%
178 0.1 222,579 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,044     100%
180 0.1 222,565 5.5 0.25 0.25 0.00 0.25 0.25 107.90 49,044     100%
182 0.1 222,550 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,043     100%
184 0.1 222,533 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,042     100%
186 0.1 222,515 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,042     100%
188 0.1 222,496 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,041     100%
190 0.1 222,476 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,040     100%
192 0.1 222,455 5.5 0.25 0.25 0.00 0.25 0.25 107.89 49,039     100%
194 0.1 222,433 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,039     100%
196 0.1 222,411 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,038     100%
198 0.1 222,388 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,037     100%
200 0.0 222,365 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,036     100%
202 0.0 222,341 5.5 0.25 0.25 0.00 0.25 0.25 107.88 49,035     100%
204 0.0 222,316 5.5 0.25 0.25 0.00 0.25 0.25 107.87 49,034     100%
206 0.0 222,291 5.5 0.25 0.25 0.00 0.25 0.25 107.87 49,033     100%

SB 06.xlsx SB 10-yr (P1) HG
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #7 Sheet:  1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1 2 2 2

Storm Event (yrs) = 10 10 25 100
Total Drainage Area A (ac) = 16.4 33.1 33.1 33.1

Disturbed Area (ac) = 12.5 29.3 29.3 29.3
Curve Number CN = 82 81 81 81 Hydrographs

Rainfall Depth P (in) = 5.28 5.28 6.28 7.88 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 85.59 134.71 171.36 230.40 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 59,580 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 58,599 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

238 0 49,034 0 0 0
239 1 52,537 50,775 50,775 1,881
240 2 56,098 54,308 105,083 3,892
241 3 59,717 57,898 162,981 6,036
242 4 63,393 61,546 224,527 8,316
243 5 67,128 65,252 289,779 10,733
244 6 70,920 69,015 358,794 13,289

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 162,981 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 59,717 Required Surface Area Achieved

SB 07.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #7 Sheet:  2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 162,981
Number of Skimmers 2

Days to Drain = 5 assumed
Q each (cf/day) = 16,298 0.19 cfs

Selected Skimmer Size (inches) = 4
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 3.5

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1 2 2 2
Storm Event (yrs) = 10 10 25 100

S = 2.20 2.35 2.35 2.35
Runoff Depth Q* (inches) = 3.33 3.23 4.14 5.63

Time to Peak Tp (min) = 27.78 34.59 34.80 35.20

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 162,981

Z2 (ft) = 6 S2 (cf) = 358,794

b = ln(S2/S1)/ln(Z2/Z1) = 1.1 Ref 2, III-8

KS = S2/Z2
b = 46,662

SB 07.xlsx
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #7 Sheet:  3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 6.90

Set Top of Dam at (ft) = 7.50

Emergency Spillway
QE (cfs) = 100-Yr Storm

QE (cfs) = 21.1
Cross Section = Trapezoid

Channel Side Slope (z) = 5 (enter X for X:1)
n = 0.03 Grass Lined

Vp (ft/sec) = 5.0 Permissible Velocity for lining Ref 2, II-7

Allowable Shear Stress (psf) = 2.0 Allowable Shear Stress for lining
Bottom Width, b (ft) = 20

Calculate Required Depth of Spillway:
Normal-Depth Procedure

AR2/3=Qn/1.49s0.5 Q=VA

Zreq=Qn/1.49s0.5 Area (A)= bd+z(d^2)

Zav=AR2/3 R=Area/(b+2d((z^2)+1)^.5)

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

Channel Slope Depth, d A V T
ft/ft (ft) (sf) Zreq R Z avail (ft/sec) (psf)
0.01 0.39 8.50 4.26 0.35 4.26 2.5 0.2
0.02 0.32 6.82 3.01 0.29 3.01 3.1 0.4

Construct the channel to be : 20 ft, Bottom Width (measured at top of lining)
0.6 ft, depth (measured at top of lining)
1% slope

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 4
Use Anti-Seep Collar Size (ft)  = 4 x 4

See Hydrograph

SB 07.xlsx
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Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #7 Sheet:  4 Of:    4

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 60 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 125.66 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 3.32
Width & Length (ft) = 6

Thickness (ft) = 2.5

Anti-Vortex Device:
Diameter of Riser (in) = 60 From Hydrograph

Cylinder Diameter (in) = 90 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 14
Cylinder Height (in) = 29

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 12 6 * Barrel Diameter
QB (cfs) = 34.3 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

34.3 11.23 0.88 14.4 0.69 11.23 2.4

Flow Depth = Tailwater, d (ft) = 0.88 0.5* Barrel Diameter (ft) = 1.00 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

2 6 10 12 0.7 Class B

Conclusion
The basin can contain the 10-yr storm and pass the 100-yr storm without overtopping the berm.
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   1 Of    2

Diameter of Riser (in) = 60
Circumference of Riser (in) = 188.5

Height of Riser from bottom of barrel (in) = 77 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 2 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.38 0.38
0.39 0.00 0.00 0.00 0.38 0.38
0.44 0.00 0.00 0.00 0.38 0.38
0.49 0.00 0.00 0.00 0.38 0.38
0.54 0.00 0.00 0.00 0.38 0.38
0.59 0.00 0.00 0.00 0.38 0.38
0.64 0.00 0.00 0.00 0.38 0.38
0.69 0.00 0.00 0.00 0.38 0.38
0.74 0.00 0.00 0.00 0.38 0.38
0.79 0.00 0.00 0.00 0.38 0.38
0.84 0.00 0.00 0.00 0.38 0.38
0.89 0.00 0.00 0.00 0.38 0.38
0.94 0.00 0.00 0.00 0.38 0.38
0.99 0.00 0.00 0.00 0.38 0.38
1.04 0.00 0.00 0.00 0.38 0.38
1.09 0.00 0.00 0.00 0.38 0.38
1.14 0.00 0.00 0.00 0.38 0.38
1.19 0.00 0.00 0.00 0.38 0.38
1.24 0.00 0.00 0.00 0.38 0.38
1.29 0.00 0.00 0.00 0.38 0.38
1.34 0.00 0.00 0.00 0.38 0.38
1.39 0.00 0.00 0.00 0.38 0.38
1.44 0.00 0.00 0.00 0.38 0.38
1.49 0.00 0.00 0.00 0.38 0.38
1.54 0.00 0.00 0.00 0.38 0.38
1.59 0.00 0.00 0.00 0.38 0.38

Perforations

SB 07.xlsx Pipe Perf-Skimmer
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   2 Of    2

1.64 0.00 0.00 0.00 0.38 0.38
1.69 0.00 0.00 0.00 0.38 0.38
1.74 0.00 0.00 0.00 0.38 0.38
1.79 0.00 0.00 0.00 0.38 0.38
1.84 0.00 0.00 0.00 0.38 0.38
1.89 0.00 0.00 0.00 0.38 0.38
1.94 0.00 0.00 0.00 0.38 0.38
1.99 0.00 0.00 0.00 0.38 0.38
2.04 0.00 0.00 0.00 0.38 0.38
2.09 0.00 0.00 0.00 0.38 0.38
2.14 0.00 0.00 0.00 0.38 0.38
2.19 0.00 0.00 0.00 0.38 0.38
2.24 0.00 0.00 0.00 0.38 0.38
2.29 0.00 0.00 0.00 0.38 0.38
2.34 0.00 0.00 0.00 0.38 0.38
2.39 0.00 0.00 0.00 0.38 0.38
2.44 0.00 0.00 0.00 0.38 0.38
2.49 0.00 0.00 0.00 0.38 0.38
2.54 0.00 0.00 0.00 0.38 0.38
2.59 0.00 0.00 0.00 0.38 0.38
2.64 0.00 0.00 0.00 0.38 0.38
2.69 0.00 0.00 0.00 0.38 0.38
2.74 0.00 0.00 0.00 0.38 0.38
2.79 0.00 0.00 0.00 0.38 0.38
2.84 0.00 0.00 0.00 0.38 0.38
2.89 0.00 0.00 0.00 0.38 0.38
2.94 0.00 0.00 0.00 0.38 0.38
2.99 0.00 0.00 0.00 0.38 0.38
3.04 0.00 0.00 0.00 0.38 0.38
3.09 0.00 0.00 0.00 0.38 0.38
3.14 0.00 0.00 0.00 0.38 0.38
3.19 0.00 0.00 0.00 0.38 0.38
3.24 0.00 0.00 0.00 0.38 0.38
3.29 0.00 0.00 0.00 0.38 0.38
3.34 0.00 0.00 0.00 0.38 0.38
3.39 0.00 0.00 0.00 0.38 0.38
3.44 0.00 0.00 0.00 0.38 0.38
3.49 0.00 0.00 0.00 0.38 0.38
3.54 0.00 0.00 0.00 0.38 0.38
3.59 0.00 0.00 0.00 0.38 0.38
3.64 0.00 0.00 0.00 0.38 0.38
3.69 0.00 0.00 0.00 0.38 0.38
3.74 0.00 0.00 0.00 0.38 0.38
3.79 0.00 0.00 0.00 0.38 0.38
3.84 0.00 0.00 0.00 0.38 0.38
3.89 0.00 0.00 0.00 0.38 0.38
3.94 0.00 0.00 0.00 0.38 0.38
3.99 0.00 0.00 0.00 0.38 0.38
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Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _1__of __2_

Qp = 85.59 cfs Sediment Basin # 7 Colon
Tp = 27.78 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 46,662

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 4.4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 244.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.9 (ft) elevation 244.90 100% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 245.50 3.5 ft Maximum Stage 241.48 msl elevation

Length of Emergency Spillway = 20 (ft) 0.8 cfs Peak outflow

Diameter of Riser = 60 (in) 0.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 238.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.1 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 4.3 131 0.0 0.00 0.00 0.00 0.00 0.00 57.19 25,995     N/A
6 9.5 647 0.0 0.00 0.00 0.00 0.00 0.00 69.47 31,575     N/A
8 16.4 1,785 0.1 0.00 0.00 0.00 0.00 0.00 78.58 35,720     N/A

10 24.6 3,748 0.1 0.00 0.00 0.00 0.00 0.00 86.00 39,091     N/A
12 33.7 6,696 0.2 0.00 0.00 0.00 0.00 0.00 92.29 41,951     N/A
14 43.3 10,743 0.3 0.00 0.00 0.00 0.00 0.00 97.75 44,433     N/A
16 52.9 15,943 0.4 0.38 0.38 0.00 0.38 0.75 102.56 46,618     100%
18 62.0 22,203 0.5 0.38 0.38 0.00 0.38 0.75 106.77 48,534     100%
20 70.1 29,550 0.7 0.38 0.38 0.00 0.38 0.75 110.55 50,251     100%
22 76.8 37,868 0.8 0.38 0.38 0.00 0.38 0.75 113.94 51,790     100%
24 81.7 46,991 1.0 0.38 0.38 0.00 0.38 0.75 116.97 53,167     100%
26 84.7 56,709 1.2 0.38 0.38 0.00 0.38 0.75 119.67 54,397     100%
28 85.6 66,786 1.4 0.38 0.38 0.00 0.38 0.75 122.08 55,490     100%
30 84.2 76,965 1.6 0.38 0.38 0.00 0.38 0.75 124.20 56,455     100%
32 80.8 86,984 1.7 0.38 0.38 0.00 0.38 0.75 126.06 57,302     100%
34 75.4 96,589 1.9 0.38 0.38 0.00 0.38 0.75 127.68 58,036     100%
36 68.9 105,550 2.0 0.38 0.38 0.00 0.38 0.75 129.06 58,666     100%
38 62.7 113,727 2.2 0.38 0.38 0.00 0.38 0.75 130.24 59,201     100%
40 57.1 121,166 2.3 0.38 0.38 0.00 0.38 0.75 131.25 59,658     100%
42 52.0 127,931 2.4 0.38 0.38 0.00 0.38 0.75 132.12 60,054     100%
44 47.4 134,084 2.5 0.38 0.38 0.00 0.38 0.75 132.88 60,398     100%
46 43.1 139,680 2.6 0.38 0.38 0.00 0.38 0.75 133.54 60,699     100%
48 39.3 144,767 2.7 0.38 0.38 0.00 0.38 0.75 134.12 60,964     100%
50 35.8 149,391 2.8 0.38 0.38 0.00 0.38 0.75 134.63 61,197     100%
52 32.6 153,595 2.8 0.38 0.38 0.00 0.38 0.75 135.09 61,404     100%
54 29.7 157,414 2.9 0.38 0.38 0.00 0.38 0.75 135.49 61,588     100%
56 27.0 160,884 3.0 0.38 0.38 0.00 0.38 0.75 135.85 61,751     100%
58 24.6 164,036 3.0 0.38 0.38 0.00 0.38 0.75 136.17 61,897     100%
60 22.4 166,899 3.1 0.38 0.38 0.00 0.38 0.75 136.46 62,028     100%
62 20.4 169,497 3.1 0.38 0.38 0.00 0.38 0.75 136.72 62,144     100%
64 18.6 171,855 3.1 0.38 0.38 0.00 0.38 0.75 136.95 62,249     100%
66 16.9 173,995 3.2 0.38 0.38 0.00 0.38 0.75 137.15 62,342     100%
68 15.4 175,935 3.2 0.38 0.38 0.00 0.38 0.75 137.34 62,427     100%
70 14.0 177,693 3.2 0.38 0.38 0.00 0.38 0.75 137.50 62,502     100%
72 12.8 179,287 3.3 0.38 0.38 0.00 0.38 0.75 137.65 62,570     100%
74 11.6 180,730 3.3 0.38 0.38 0.00 0.38 0.75 137.79 62,631     100%
76 10.6 182,036 3.3 0.38 0.38 0.00 0.38 0.75 137.91 62,686     100%
78 9.7 183,217 3.3 0.38 0.38 0.00 0.38 0.75 138.02 62,735     100%
80 8.8 184,285 3.3 0.38 0.38 0.00 0.38 0.75 138.12 62,780     100%
82 8.0 185,249 3.4 0.38 0.38 0.00 0.38 0.75 138.20 62,819     100%
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84 7.3 186,118 3.4 0.38 0.38 0.00 0.38 0.75 138.28 62,855     100%
86 6.6 186,902 3.4 0.38 0.38 0.00 0.38 0.75 138.35 62,887     100%
88 6.0 187,608 3.4 0.38 0.38 0.00 0.38 0.75 138.42 62,916     100%
90 5.5 188,243 3.4 0.38 0.38 0.00 0.38 0.75 138.47 62,942     100%
92 5.0 188,813 3.4 0.38 0.38 0.00 0.38 0.75 138.52 62,965     100%
94 4.6 189,324 3.4 0.38 0.38 0.00 0.38 0.75 138.57 62,986     100%
96 4.2 189,781 3.4 0.38 0.38 0.00 0.38 0.75 138.61 63,004     100%
98 3.8 190,189 3.4 0.38 0.38 0.00 0.38 0.75 138.65 63,021     100%

100 3.4 190,553 3.4 0.38 0.38 0.00 0.38 0.75 138.68 63,035     100%
102 3.1 190,876 3.4 0.38 0.38 0.00 0.38 0.75 138.71 63,048     100%
104 2.9 191,162 3.5 0.38 0.38 0.00 0.38 0.75 138.73 63,060     100%
106 2.6 191,414 3.5 0.38 0.38 0.00 0.38 0.75 138.75 63,070     100%
108 2.4 191,636 3.5 0.38 0.38 0.00 0.38 0.75 138.77 63,079     100%
110 2.2 191,830 3.5 0.38 0.38 0.00 0.38 0.75 138.79 63,087     100%
112 2.0 191,999 3.5 0.38 0.38 0.00 0.38 0.75 138.81 63,093     100%
114 1.8 192,144 3.5 0.38 0.38 0.00 0.38 0.75 138.82 63,099     100%
116 1.6 192,268 3.5 0.38 0.38 0.00 0.38 0.75 138.83 63,104     100%
118 1.5 192,373 3.5 0.38 0.38 0.00 0.38 0.75 138.84 63,108     100%
120 1.4 192,461 3.5 0.38 0.38 0.00 0.38 0.75 138.85 63,112     100%
122 1.2 192,532 3.5 0.38 0.38 0.00 0.38 0.75 138.85 63,115     100%
124 1.1 192,590 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,117     100%
126 1.0 192,634 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,119     100%
128 0.9 192,666 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,120     100%
130 0.8 192,687 3.5 0.38 0.38 0.00 0.38 0.75 138.87 63,121     100%
132 0.8 192,698 3.5 0.38 0.38 0.00 0.38 0.75 138.87 63,121     100%
134 0.7 192,700 3.5 0.38 0.38 0.00 0.38 0.75 138.87 63,121     100%
136 0.6 192,693 3.5 0.38 0.38 0.00 0.38 0.75 138.87 63,121     100%
138 0.6 192,679 3.5 0.38 0.38 0.00 0.38 0.75 138.87 63,121     100%
140 0.5 192,659 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,120     100%
142 0.5 192,632 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,119     100%
144 0.4 192,599 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,117     100%
146 0.4 192,561 3.5 0.38 0.38 0.00 0.38 0.75 138.86 63,116     100%
148 0.4 192,519 3.5 0.38 0.38 0.00 0.38 0.75 138.85 63,114     100%
150 0.3 192,472 3.5 0.38 0.38 0.00 0.38 0.75 138.85 63,112     100%
152 0.3 192,421 3.5 0.38 0.38 0.00 0.38 0.75 138.84 63,110     100%
154 0.3 192,367 3.5 0.38 0.38 0.00 0.38 0.75 138.84 63,108     100%
156 0.3 192,310 3.5 0.38 0.38 0.00 0.38 0.75 138.83 63,106     100%
158 0.2 192,249 3.5 0.38 0.38 0.00 0.38 0.75 138.83 63,103     100%
160 0.2 192,186 3.5 0.38 0.38 0.00 0.38 0.75 138.82 63,101     100%
162 0.2 192,120 3.5 0.38 0.38 0.00 0.38 0.75 138.82 63,098     100%
164 0.2 192,053 3.5 0.38 0.38 0.00 0.38 0.75 138.81 63,096     100%
166 0.2 191,983 3.5 0.38 0.38 0.00 0.38 0.75 138.80 63,093     100%
168 0.1 191,911 3.5 0.38 0.38 0.00 0.38 0.75 138.80 63,090     100%
170 0.1 191,838 3.5 0.38 0.38 0.00 0.38 0.75 138.79 63,087     100%
172 0.1 191,763 3.5 0.38 0.38 0.00 0.38 0.75 138.78 63,084     100%
174 0.1 191,686 3.5 0.38 0.38 0.00 0.38 0.75 138.78 63,081     100%
176 0.1 191,609 3.5 0.38 0.38 0.00 0.38 0.75 138.77 63,078     100%
178 0.1 191,530 3.5 0.38 0.38 0.00 0.38 0.75 138.76 63,075     100%
180 0.1 191,450 3.5 0.38 0.38 0.00 0.38 0.75 138.76 63,072     100%
182 0.1 191,370 3.5 0.38 0.38 0.00 0.38 0.75 138.75 63,068     100%
184 0.1 191,288 3.5 0.38 0.38 0.00 0.38 0.75 138.74 63,065     100%
186 0.1 191,205 3.5 0.38 0.38 0.00 0.38 0.75 138.74 63,062     100%
188 0.1 191,122 3.5 0.38 0.38 0.00 0.38 0.75 138.73 63,058     100%
190 0.1 191,039 3.4 0.38 0.38 0.00 0.38 0.75 138.72 63,055     100%
192 0.0 190,954 3.4 0.38 0.38 0.00 0.38 0.75 138.71 63,052     100%
194 0.0 190,869 3.4 0.38 0.38 0.00 0.38 0.75 138.71 63,048     100%
196 0.0 190,784 3.4 0.38 0.38 0.00 0.38 0.75 138.70 63,045     100%
198 0.0 190,698 3.4 0.38 0.38 0.00 0.38 0.75 138.69 63,041     100%
200 0.0 190,611 3.4 0.38 0.38 0.00 0.38 0.75 138.68 63,038     100%
202 0.0 190,525 3.4 0.38 0.38 0.00 0.38 0.75 138.68 63,034     100%
204 0.0 190,438 3.4 0.38 0.38 0.00 0.38 0.75 138.67 63,031     100%
206 0.0 190,350 3.4 0.38 0.38 0.00 0.38 0.75 138.66 63,027     100%
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Qp = 134.71 cfs Sediment Basin # 7 Colon
Tp = 34.59 minutes Phase 2

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 46,662

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 4.4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 244.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.9 (ft) elevation 244.90 100% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 245.50 6.3 ft Maximum Stage 244.33 msl elevation

Length of Emergency Spillway = 20 (ft) 0.8 cfs Peak outflow

Diameter of Riser = 60 (in) 0.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 238.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACIT

Y [cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 1.1 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 4.4 133 0.0 0.00 0.00 0.00 0.00 0.00 57.30 26,047      N/A
6 9.8 661 0.0 0.00 0.00 0.00 0.00 0.00 69.64 31,653      N/A
8 17.0 1,832 0.1 0.00 0.00 0.00 0.00 0.00 78.83 35,832      N/A

10 25.9 3,873 0.1 0.00 0.00 0.00 0.00 0.00 86.35 39,249      N/A
12 36.2 6,984 0.2 0.00 0.00 0.00 0.00 0.00 92.77 42,166      N/A
14 47.5 11,329 0.3 0.00 0.00 0.00 0.00 0.00 98.39 44,721      N/A
16 59.5 17,029 0.4 0.38 0.38 0.00 0.38 0.75 103.39 46,993      100%
18 71.7 24,074 0.6 0.38 0.38 0.00 0.38 0.75 107.83 49,014      100%
20 83.7 32,584 0.7 0.38 0.38 0.00 0.38 0.75 111.87 50,852      100%
22 95.3 42,544 0.9 0.38 0.38 0.00 0.38 0.75 115.56 52,528      100%
24 105.9 53,887 1.1 0.38 0.38 0.00 0.38 0.75 118.93 54,060      100%
26 115.2 66,504 1.4 0.38 0.38 0.00 0.38 0.75 122.01 55,461      100%
28 123.0 80,242 1.6 0.38 0.38 0.00 0.38 0.75 124.83 56,742      100%
30 128.9 94,912 1.9 0.38 0.38 0.00 0.38 0.75 127.41 57,913      100%
32 132.9 110,296 2.1 0.38 0.38 0.00 0.38 0.75 129.76 58,980      100%
34 134.6 126,148 2.4 0.38 0.38 0.00 0.38 0.75 131.89 59,952      100%
36 134.2 142,211 2.7 0.38 0.38 0.00 0.38 0.75 133.83 60,832      100%
38 131.5 158,220 2.9 0.38 0.38 0.00 0.38 0.75 135.58 61,626      100%
40 126.7 173,909 3.2 0.38 0.38 0.00 0.38 0.75 137.15 62,339      100%
42 120.0 189,026 3.4 0.38 0.38 0.00 0.38 0.75 138.54 62,974      100%
44 111.9 203,337 3.6 0.38 0.38 0.00 0.38 0.75 139.78 63,535      100%
46 103.8 216,669 3.9 0.38 0.38 0.00 0.38 0.75 140.86 64,028      100%
48 96.2 229,028 4.0 0.38 0.38 0.00 0.38 0.75 141.81 64,461      100%
50 89.3 240,487 4.2 0.38 0.38 0.00 0.38 0.75 142.66 64,845      100%
52 82.8 251,109 4.4 0.38 0.38 0.00 0.38 0.75 143.41 65,187      100%
54 76.8 260,955 4.5 0.38 0.38 0.00 0.38 0.75 144.08 65,492      100%
56 71.2 270,081 4.7 0.38 0.38 0.00 0.38 0.75 144.69 65,767      100%
58 66.1 278,541 4.8 0.38 0.38 0.00 0.38 0.75 145.23 66,014      100%
60 61.3 286,381 4.9 0.38 0.38 0.00 0.38 0.75 145.72 66,237      100%
62 56.9 293,646 5.0 0.38 0.38 0.00 0.38 0.75 146.17 66,439      100%
64 52.7 300,379 5.1 0.38 0.38 0.00 0.38 0.75 146.57 66,623      100%
66 48.9 306,618 5.2 0.38 0.38 0.00 0.38 0.75 146.94 66,789      100%
68 45.4 312,399 5.3 0.38 0.38 0.00 0.38 0.75 147.27 66,941      100%
70 42.1 317,754 5.4 0.38 0.38 0.00 0.38 0.75 147.58 67,080      100%
72 39.0 322,715 5.5 0.38 0.38 0.00 0.38 0.75 147.85 67,206      100%
74 36.2 327,310 5.5 0.38 0.38 0.00 0.38 0.75 148.11 67,322      100%
76 33.6 331,566 5.6 0.38 0.38 0.00 0.38 0.75 148.34 67,428      100%
78 31.2 335,507 5.7 0.38 0.38 0.00 0.38 0.75 148.55 67,525      100%
80 28.9 339,156 5.7 0.38 0.38 0.00 0.38 0.75 148.75 67,614      100%
82 26.8 342,534 5.8 0.38 0.38 0.00 0.38 0.75 148.93 67,695      100%
84 24.9 345,661 5.8 0.38 0.38 0.00 0.38 0.75 149.09 67,770      100%
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86 23.1 348,555 5.8 0.38 0.38 0.00 0.38 0.75 149.25 67,839      100%
88 21.4 351,233 5.9 0.38 0.38 0.00 0.38 0.75 149.38 67,902      100%
90 19.9 353,711 5.9 0.38 0.38 0.00 0.38 0.75 149.51 67,960      100%
92 18.4 356,002 6.0 0.38 0.38 0.00 0.38 0.75 149.63 68,014      100%
94 17.1 358,121 6.0 0.38 0.38 0.00 0.38 0.75 149.74 68,063      100%
96 15.8 360,080 6.0 0.38 0.38 0.00 0.38 0.75 149.84 68,108      100%
98 14.7 361,891 6.0 0.38 0.38 0.00 0.38 0.75 149.93 68,149      100%

100 13.6 363,563 6.1 0.38 0.38 0.00 0.38 0.75 150.01 68,188      100%
102 12.6 365,109 6.1 0.38 0.38 0.00 0.38 0.75 150.09 68,223      100%
104 11.7 366,535 6.1 0.38 0.38 0.00 0.38 0.75 150.16 68,255      100%
106 10.9 367,852 6.1 0.38 0.38 0.00 0.38 0.75 150.23 68,285      100%
108 10.1 369,067 6.2 0.38 0.38 0.00 0.38 0.75 150.29 68,312      100%
110 9.4 370,188 6.2 0.38 0.38 0.00 0.38 0.75 150.34 68,337      100%
112 8.7 371,220 6.2 0.38 0.38 0.00 0.38 0.75 150.39 68,361      100%
114 8.1 372,172 6.2 0.38 0.38 0.00 0.38 0.75 150.44 68,382      100%
116 7.5 373,048 6.2 0.38 0.38 0.00 0.38 0.75 150.48 68,401      100%
118 6.9 373,853 6.2 0.38 0.38 0.00 0.38 0.75 150.52 68,419      100%
120 6.4 374,594 6.2 0.38 0.38 0.00 0.38 0.75 150.56 68,436      100%
122 6.0 375,275 6.2 0.38 0.38 0.00 0.38 0.75 150.59 68,451      100%
124 5.5 375,900 6.3 0.38 0.38 0.00 0.38 0.75 150.62 68,465      100%
126 5.1 376,473 6.3 0.38 0.38 0.00 0.38 0.75 150.65 68,478      100%
128 4.8 376,998 6.3 0.38 0.38 0.00 0.38 0.75 150.68 68,489      100%
130 4.4 377,479 6.3 0.38 0.38 0.00 0.38 0.75 150.70 68,500      100%
132 4.1 377,918 6.3 0.38 0.38 0.00 0.38 0.75 150.72 68,509      100%
134 3.8 378,319 6.3 0.38 0.38 0.00 0.38 0.75 150.74 68,518      100%
136 3.5 378,684 6.3 0.38 0.38 0.00 0.38 0.75 150.76 68,526      100%
138 3.3 379,016 6.3 0.38 0.38 0.00 0.38 0.75 150.77 68,534      100%
140 3.0 379,318 6.3 0.38 0.38 0.00 0.38 0.75 150.79 68,540      100%
142 2.8 379,591 6.3 0.38 0.38 0.00 0.38 0.75 150.80 68,546      100%
144 2.6 379,838 6.3 0.38 0.38 0.00 0.38 0.75 150.81 68,552      100%
146 2.4 380,060 6.3 0.38 0.38 0.00 0.38 0.75 150.82 68,557      100%
148 2.2 380,260 6.3 0.38 0.38 0.00 0.38 0.75 150.83 68,561      100%
150 2.1 380,438 6.3 0.38 0.38 0.00 0.38 0.75 150.84 68,565      100%
152 1.9 380,598 6.3 0.38 0.38 0.00 0.38 0.75 150.85 68,568      100%
154 1.8 380,739 6.3 0.38 0.38 0.00 0.38 0.75 150.86 68,571      100%
156 1.7 380,863 6.3 0.38 0.38 0.00 0.38 0.75 150.86 68,574      100%
158 1.5 380,972 6.3 0.38 0.38 0.00 0.38 0.75 150.87 68,577      100%
160 1.4 381,066 6.3 0.38 0.38 0.00 0.38 0.75 150.87 68,579      100%
162 1.3 381,147 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,580      100%
164 1.2 381,216 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,582      100%
166 1.1 381,273 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,583      100%
168 1.1 381,319 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,584      100%
170 1.0 381,356 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,585      100%
172 0.9 381,383 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
174 0.8 381,402 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
176 0.8 381,412 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
178 0.7 381,416 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
180 0.7 381,412 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
182 0.6 381,403 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
184 0.6 381,387 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,586      100%
186 0.5 381,366 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,585      100%
188 0.5 381,340 6.3 0.38 0.38 0.00 0.38 0.75 150.89 68,585      100%
190 0.5 381,310 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,584      100%
192 0.4 381,275 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,583      100%
194 0.4 381,236 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,582      100%
196 0.4 381,193 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,581      100%
198 0.3 381,147 6.3 0.38 0.38 0.00 0.38 0.75 150.88 68,580      100%
200 0.3 381,097 6.3 0.38 0.38 0.00 0.38 0.75 150.87 68,579      100%
202 0.3 381,045 6.3 0.38 0.38 0.00 0.38 0.75 150.87 68,578      100%
204 0.3 380,990 6.3 0.38 0.38 0.00 0.38 0.75 150.87 68,577      100%
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Qp = 171.36 cfs Sediment Basin # 7 Colon
Tp = 34.80 minutes Phase 2

dT = Max of 2 minutes 25  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 46,662

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 4.4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 244.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.9 (ft) elevation 244.90 96% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 245.50 6.9 ft Maximum Stage 244.9 msl elevation

Length of Emergency Spillway = 20 (ft) 34.3 cfs Peak outflow

Diameter of Riser = 60 (in) 34.3 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 238.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFL
OW [cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.4 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 5.5 167 0.0 0.00 0.00 0.00 0.00 0.00 58.92 26,780     N/A
6 12.3 830 0.0 0.00 0.00 0.00 0.00 0.00 71.60 32,544     N/A
8 21.4 2,301 0.1 0.00 0.00 0.00 0.00 0.00 81.05 36,841     N/A

10 32.6 4,868 0.1 0.00 0.00 0.00 0.00 0.00 88.78 40,355     N/A
12 45.5 8,779 0.2 0.00 0.00 0.00 0.00 0.00 95.38 43,355     N/A
14 59.8 14,244 0.4 0.38 0.38 0.00 0.38 0.75 101.16 45,983     100%
16 74.9 21,327 0.5 0.38 0.38 0.00 0.38 0.75 106.25 48,297     100%
18 90.3 30,220 0.7 0.38 0.38 0.00 0.38 0.75 110.85 50,388     100%
20 105.6 40,965 0.9 0.38 0.38 0.00 0.38 0.75 115.03 52,287     100%
22 120.2 53,545 1.1 0.38 0.38 0.00 0.38 0.75 118.84 54,018     100%
24 133.7 67,882 1.4 0.38 0.38 0.00 0.38 0.75 122.32 55,600     100%
26 145.7 83,841 1.7 0.38 0.38 0.00 0.38 0.75 125.50 57,046     100%
28 155.7 101,234 2.0 0.38 0.38 0.00 0.38 0.75 128.41 58,369     100%
30 163.4 119,827 2.3 0.38 0.38 0.00 0.38 0.75 131.07 59,578     100%
32 168.6 139,348 2.6 0.38 0.38 0.00 0.38 0.75 133.50 60,681     100%
34 171.1 159,493 2.9 0.38 0.38 0.00 0.38 0.75 135.71 61,686     100%
36 170.9 179,939 3.3 0.38 0.38 0.00 0.38 0.75 137.71 62,598     100%
38 167.8 200,352 3.6 0.38 0.38 0.00 0.38 0.75 139.53 63,421     100%
40 162.1 220,399 3.9 0.38 0.38 0.00 0.38 0.75 141.15 64,161     100%
42 153.9 239,762 4.2 0.38 0.38 0.00 0.38 0.75 142.61 64,821     100%
44 143.8 258,141 4.5 0.38 0.38 0.00 0.38 0.75 143.89 65,406     100%
46 133.4 275,302 4.8 0.38 0.38 0.00 0.38 0.75 145.02 65,920     100%
48 123.8 291,222 5.0 0.38 0.38 0.00 0.38 0.75 146.02 66,372     100%
50 114.9 305,989 5.2 0.38 0.38 0.00 0.38 0.75 146.90 66,773     100%
52 106.6 319,686 5.4 0.38 0.38 0.00 0.38 0.75 147.68 67,129     100%
54 99.0 332,391 5.6 0.38 0.38 0.00 0.38 0.75 148.39 67,448     100%
56 91.8 344,175 5.8 0.38 0.38 0.00 0.38 0.75 149.02 67,735     100%
58 85.2 355,104 5.9 0.38 0.38 0.00 0.38 0.75 149.58 67,993     100%
60 79.1 365,240 6.1 0.38 0.38 0.00 0.38 0.75 150.10 68,226     100%
62 73.4 374,640 6.2 0.38 0.38 0.00 0.38 0.75 150.56 68,437     100%
64 68.1 383,357 6.4 0.38 0.38 0.00 0.38 0.75 150.98 68,629     100%
66 63.2 391,440 6.5 0.38 1.48 0.00 35.34 2.97 151.37 68,803     100%
68 58.7 398,668 6.6 0.38 4.40 0.00 35.68 8.80 151.70 68,956     100%
70 54.4 404,652 6.7 0.38 7.59 0.00 35.96 15.19 151.98 69,081     99%
72 50.5 409,362 6.7 0.38 10.51 0.00 36.17 21.01 152.19 69,179     98%
74 46.9 412,902 6.8 0.38 12.90 0.00 36.33 25.80 152.35 69,251     98%
76 43.5 415,432 6.8 0.38 14.71 0.00 36.45 29.42 152.47 69,303     97%
78 40.4 417,123 6.8 0.38 15.96 0.00 36.52 31.92 152.54 69,337     97%
80 37.5 418,137 6.9 0.38 16.73 0.00 36.57 33.46 152.59 69,357     96%
82 34.8 418,618 6.9 0.38 17.10 0.00 36.59 34.20 152.61 69,367     96%
84 32.3 418,687 6.9 0.38 17.15 0.00 36.60 34.30 152.61 69,368     96%
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86 29.9 418,443 6.9 0.38 16.96 0.00 36.58 33.93 152.60 69,363     96%
88 27.8 417,965 6.9 0.38 16.60 0.00 36.56 33.20 152.58 69,354     96%
90 25.8 417,316 6.9 0.38 16.11 0.00 36.53 32.22 152.55 69,341     96%
92 23.9 416,545 6.8 0.38 15.53 0.00 36.50 31.06 152.52 69,325     97%
94 22.2 415,690 6.8 0.38 14.90 0.00 36.46 29.80 152.48 69,308     97%
96 20.6 414,780 6.8 0.38 14.23 0.00 36.42 28.47 152.44 69,289     97%
98 19.1 413,837 6.8 0.38 13.56 0.00 36.38 27.12 152.39 69,270     97%

100 17.8 412,878 6.8 0.38 12.88 0.00 36.33 25.77 152.35 69,251     98%
102 16.5 411,916 6.8 0.38 12.22 0.00 36.29 24.43 152.31 69,231     98%
104 15.3 410,961 6.8 0.38 11.57 0.00 36.25 23.13 152.27 69,211     98%
106 14.2 410,020 6.7 0.38 10.94 0.00 36.20 21.88 152.22 69,192     98%
108 13.2 409,097 6.7 0.38 10.33 0.00 36.16 20.67 152.18 69,173     98%
110 12.2 408,197 6.7 0.38 9.76 0.00 36.12 19.51 152.14 69,155     98%
112 11.3 407,322 6.7 0.38 9.20 0.00 36.08 18.41 152.10 69,137     99%
114 10.5 406,473 6.7 0.38 8.68 0.00 36.04 17.36 152.06 69,119     99%
116 9.8 405,652 6.7 0.38 8.18 0.00 36.00 16.37 152.02 69,102     99%
118 9.1 404,860 6.7 0.38 7.72 0.00 35.97 15.43 151.99 69,086     99%
120 8.4 404,096 6.7 0.38 7.27 0.00 35.93 14.54 151.95 69,070     99%
122 7.8 403,360 6.6 0.38 6.85 0.00 35.90 13.71 151.92 69,054     99%
124 7.2 402,652 6.6 0.38 6.46 0.00 35.87 12.92 151.89 69,040     99%
126 6.7 401,971 6.6 0.38 6.09 0.00 35.83 12.17 151.86 69,025     99%
128 6.2 401,317 6.6 0.38 5.74 0.00 35.80 11.47 151.83 69,012     99%
130 5.8 400,688 6.6 0.38 5.41 0.00 35.78 10.82 151.80 68,999     99%
132 5.4 400,085 6.6 0.38 5.10 0.00 35.75 10.20 151.77 68,986     100%
134 5.0 399,506 6.6 0.38 4.81 0.00 35.72 9.62 151.74 68,974     100%
136 4.6 398,950 6.6 0.38 4.54 0.00 35.69 9.07 151.72 68,962     100%
138 4.3 398,417 6.6 0.38 4.28 0.00 35.67 8.56 151.69 68,951     100%
140 4.0 397,905 6.6 0.38 4.04 0.00 35.65 8.08 151.67 68,940     100%
142 3.7 397,414 6.6 0.38 3.81 0.00 35.62 7.62 151.65 68,930     100%
144 3.4 396,943 6.6 0.38 3.60 0.00 35.60 7.20 151.62 68,920     100%
146 3.2 396,491 6.6 0.38 3.40 0.00 35.58 6.80 151.60 68,910     100%
148 3.0 396,058 6.5 0.38 3.21 0.00 35.56 6.42 151.58 68,901     100%
150 2.7 395,642 6.5 0.38 3.03 0.00 35.54 6.07 151.56 68,892     100%
152 2.5 395,243 6.5 0.38 2.87 0.00 35.52 5.74 151.54 68,884     100%
154 2.4 394,860 6.5 0.38 2.71 0.00 35.50 5.43 151.53 68,876     100%
156 2.2 394,492 6.5 0.38 2.57 0.00 35.49 5.13 151.51 68,868     100%
158 2.0 394,139 6.5 0.38 2.43 0.00 35.47 4.86 151.49 68,860     100%
160 1.9 393,800 6.5 0.38 2.30 0.00 35.46 4.60 151.48 68,853     100%
162 1.8 393,474 6.5 0.38 2.18 0.00 35.44 4.36 151.46 68,846     100%
164 1.6 393,161 6.5 0.38 2.07 0.00 35.43 4.13 151.45 68,840     100%
166 1.5 392,860 6.5 0.38 1.96 0.00 35.41 3.92 151.43 68,833     100%
168 1.4 392,572 6.5 0.38 1.86 0.00 35.40 3.71 151.42 68,827     100%
170 1.3 392,294 6.5 0.38 1.76 0.00 35.38 3.52 151.41 68,821     100%
172 1.2 392,027 6.5 0.38 1.67 0.00 35.37 3.35 151.39 68,816     100%
174 1.1 391,770 6.5 0.38 1.59 0.00 35.36 3.18 151.38 68,810     100%
176 1.0 391,523 6.5 0.38 1.51 0.00 35.35 3.02 151.37 68,805     100%
178 1.0 391,285 6.5 0.38 1.44 0.00 35.34 2.87 151.36 68,800     100%
180 0.9 391,056 6.5 0.38 1.37 0.00 35.33 2.73 151.35 68,795     100%
182 0.8 390,836 6.5 0.38 1.30 0.00 35.32 2.60 151.34 68,790     100%
184 0.8 390,623 6.5 0.38 1.24 0.00 35.31 2.48 151.33 68,785     100%
186 0.7 390,418 6.5 0.38 1.18 0.00 35.30 2.36 151.32 68,781     100%
188 0.7 390,221 6.5 0.38 1.12 0.00 35.29 2.25 151.31 68,777     100%
190 0.6 390,031 6.5 0.38 1.07 0.00 35.28 2.15 151.30 68,773     100%
192 0.6 389,847 6.5 0.38 1.02 0.00 35.27 2.05 151.29 68,769     100%
194 0.5 389,670 6.5 0.38 0.98 0.00 35.26 1.96 151.28 68,765     100%
196 0.5 389,498 6.4 0.38 0.94 0.00 35.25 1.87 151.28 68,761     100%
198 0.5 389,333 6.4 0.38 0.89 0.00 35.25 1.79 151.27 68,758     100%
200 0.4 389,173 6.4 0.38 0.86 0.00 35.24 1.71 151.26 68,754     100%
202 0.4 389,019 6.4 0.38 0.82 0.00 35.23 1.64 151.25 68,751     100%
204 0.4 388,869 6.4 0.38 0.79 0.00 35.22 1.57 151.25 68,748     100%
206 0.3 388,724 6.4 0.38 0.75 0.00 35.22 1.51 151.24 68,745     100%
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Qp = 230.4 cfs Sediment Basin # 7 Colon
Tp = 35.2 minutes Phase 2

dT = Max of 2 minutes 100  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 46,662

Diameter of Barrel = 24 (in)

Height of Riser above barrel = 4.4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 6.4 (ft) elevation 244.40 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 6.9 (ft) elevation 244.90 83% Minimum Settling Efficiency

Total Height of Dam = 7.5 (ft) elevation 245.50 7.4 ft Maximum Stage 245.4 msl elevation

Length of Emergency Spillway = 20 (ft) 97.5 cfs Peak outflow

Diameter of Riser = 60 (in) 76.4 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 238.0 21.1 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 1.8 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 7.3 220 0.0 0.00 0.00 0.00 0.00 0.00 60.91 27,686       N/A
6 16.1 1,091 0.0 0.00 0.00 0.00 0.00 0.00 74.02 33,645       N/A
8 28.1 3,027 0.1 0.00 0.00 0.00 0.00 0.00 83.80 38,089       N/A

10 42.9 6,403 0.2 0.00 0.00 0.00 0.00 0.00 91.79 41,723       N/A
12 60.0 11,554 0.3 0.00 0.00 0.00 0.00 0.00 98.62 44,828       N/A
14 78.8 18,753 0.4 0.38 0.38 0.00 0.38 0.75 104.60 47,547       100%
16 98.8 28,121 0.6 0.38 0.38 0.00 0.38 0.75 109.89 49,949       100%
18 119.3 39,888 0.9 0.38 0.38 0.00 0.38 0.75 114.66 52,118       100%
20 139.7 54,116 1.1 0.38 0.38 0.00 0.38 0.75 118.99 54,088       100%
22 159.3 70,788 1.4 0.38 0.38 0.00 0.38 0.75 122.94 55,884       100%
24 177.5 89,813 1.8 0.38 0.38 0.00 0.38 0.75 126.56 57,525       100%
26 193.7 111,021 2.1 0.38 0.38 0.00 0.38 0.75 129.86 59,027       100%
28 207.4 134,175 2.5 0.38 0.38 0.00 0.38 0.75 132.89 60,403       100%
30 218.2 158,976 2.9 0.38 0.38 0.00 0.38 0.75 135.66 61,662       100%
32 225.7 185,072 3.4 0.38 0.38 0.00 0.38 0.75 138.19 62,812       100%
34 229.7 212,070 3.8 0.38 0.38 0.00 0.38 0.75 140.49 63,861       100%
36 230.1 239,548 4.2 0.38 0.38 0.00 0.38 0.75 142.59 64,814       100%
38 226.8 267,070 4.6 0.38 0.38 0.00 0.38 0.75 144.49 65,677       100%
40 220.0 294,198 5.0 0.38 0.38 0.00 0.38 0.75 146.20 66,454       100%
42 209.8 320,505 5.4 0.38 0.38 0.00 0.38 0.75 147.73 67,150       100%
44 196.9 345,593 5.8 0.38 0.38 0.00 0.38 0.75 149.09 67,769       100%
46 182.9 369,129 6.2 0.38 0.38 0.00 0.38 0.75 150.29 68,314       100%
48 169.8 390,983 6.5 0.38 1.34 0.00 35.32 2.69 151.35 68,793       100%
50 157.8 411,042 6.8 0.38 11.62 0.00 36.25 23.24 152.27 69,213       98%
52 146.5 427,183 7.0 0.38 24.09 1.72 36.97 49.90 152.98 69,538       93%
54 136.1 438,778 7.2 0.38 34.73 7.96 37.48 77.42 153.48 69,765       87%
56 126.4 445,818 7.3 0.38 41.79 13.01 37.79 88.59 153.78 69,900       85%
58 117.4 450,355 7.3 0.38 46.55 16.67 37.99 92.64 153.97 69,986       84%
60 109.0 453,325 7.4 0.38 49.76 19.23 38.11 95.45 154.09 70,042       84%
62 101.3 454,956 7.4 0.38 51.56 20.68 38.18 97.04 154.16 70,073       83%
64 94.1 455,464 7.4 0.38 52.12 21.14 38.20 97.54 154.18 70,082       83%
66 87.4 455,047 7.4 0.38 51.66 20.76 38.19 97.13 154.16 70,074       83%
68 81.1 453,875 7.4 0.38 50.37 19.71 38.14 95.98 154.12 70,052       84%
70 75.4 452,095 7.4 0.38 48.43 18.15 38.06 94.27 154.04 70,019       84%
72 70.0 449,826 7.3 0.38 45.99 16.23 37.96 92.16 153.95 69,976       84%
74 65.0 447,168 7.3 0.38 43.19 14.07 37.85 89.77 153.84 69,926       85%
76 60.4 444,198 7.2 0.38 40.13 11.78 37.72 87.22 153.71 69,869       85%
78 56.1 440,978 7.2 0.38 36.89 9.45 37.58 83.23 153.58 69,807       86%
80 52.1 437,721 7.1 0.38 33.71 7.28 37.44 74.69 153.44 69,744       88%
82 48.4 435,009 7.1 0.38 31.13 5.61 37.32 67.88 153.32 69,692       89%
84 44.9 432,669 7.1 0.38 28.97 4.30 37.22 62.23 153.22 69,646       91%
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86 41.7 430,594 7.0 0.38 27.09 3.23 37.13 57.41 153.13 69,605       92%
88 38.8 428,714 7.0 0.38 25.42 2.36 37.04 53.20 153.05 69,568       92%
90 36.0 426,982 7.0 0.38 23.92 1.64 36.97 49.47 152.97 69,534       93%
92 33.4 425,366 7.0 0.38 22.54 1.05 36.89 46.13 152.90 69,502       94%
94 31.1 423,843 6.9 0.38 21.27 0.58 36.83 43.12 152.84 69,472       94%
96 28.9 422,396 6.9 0.38 20.08 0.23 36.76 40.40 152.77 69,443       95%
98 26.8 421,010 6.9 0.38 18.97 0.02 36.70 37.96 152.71 69,415       95%

100 24.9 419,670 6.9 0.38 17.91 0.00 36.64 35.83 152.65 69,388       96%
102 23.1 418,357 6.9 0.38 16.90 0.00 36.58 33.80 152.60 69,362       96%
104 21.5 417,076 6.8 0.38 15.93 0.00 36.52 31.85 152.54 69,336       97%
106 19.9 415,829 6.8 0.38 15.00 0.00 36.47 30.00 152.48 69,311       97%
108 18.5 414,622 6.8 0.38 14.12 0.00 36.41 28.24 152.43 69,286       97%
110 17.2 413,456 6.8 0.38 13.29 0.00 36.36 26.58 152.38 69,262       97%
112 16.0 412,331 6.8 0.38 12.50 0.00 36.31 25.00 152.33 69,239       98%
114 14.8 411,247 6.8 0.38 11.76 0.00 36.26 23.52 152.28 69,217       98%
116 13.8 410,206 6.7 0.38 11.06 0.00 36.21 22.12 152.23 69,196       98%
118 12.8 409,205 6.7 0.38 10.40 0.00 36.17 20.81 152.19 69,175       98%
120 11.9 408,244 6.7 0.38 9.79 0.00 36.12 19.57 152.14 69,156       98%
122 11.0 407,322 6.7 0.38 9.21 0.00 36.08 18.41 152.10 69,137       99%
124 10.3 406,438 6.7 0.38 8.66 0.00 36.04 17.32 152.06 69,118       99%
126 9.5 405,591 6.7 0.38 8.15 0.00 36.00 16.30 152.02 69,101       99%
128 8.8 404,779 6.7 0.38 7.67 0.00 35.96 15.33 151.98 69,084       99%
130 8.2 404,000 6.7 0.38 7.22 0.00 35.93 14.43 151.95 69,068       99%
132 7.6 403,254 6.6 0.38 6.79 0.00 35.89 13.59 151.91 69,052       99%
134 7.1 402,540 6.6 0.38 6.40 0.00 35.86 12.79 151.88 69,037       99%
136 6.6 401,855 6.6 0.38 6.02 0.00 35.83 12.05 151.85 69,023       99%
138 6.1 401,200 6.6 0.38 5.68 0.00 35.80 11.35 151.82 69,009       99%
140 5.7 400,572 6.6 0.38 5.35 0.00 35.77 10.70 151.79 68,996       99%
142 5.3 399,970 6.6 0.38 5.04 0.00 35.74 10.08 151.76 68,984       100%
144 4.9 399,393 6.6 0.38 4.75 0.00 35.72 9.51 151.74 68,971       100%
146 4.6 398,841 6.6 0.38 4.48 0.00 35.69 8.96 151.71 68,960       100%
148 4.2 398,311 6.6 0.38 4.23 0.00 35.67 8.46 151.69 68,949       100%
150 3.9 397,803 6.6 0.38 3.99 0.00 35.64 7.98 151.66 68,938       100%
152 3.6 397,317 6.6 0.38 3.77 0.00 35.62 7.53 151.64 68,928       100%
154 3.4 396,851 6.6 0.38 3.56 0.00 35.60 7.11 151.62 68,918       100%
156 3.1 396,403 6.5 0.38 3.36 0.00 35.58 6.72 151.60 68,908       100%
158 2.9 395,974 6.5 0.38 3.18 0.00 35.56 6.35 151.58 68,899       100%
160 2.7 395,563 6.5 0.38 3.00 0.00 35.54 6.00 151.56 68,891       100%
162 2.5 395,168 6.5 0.38 2.84 0.00 35.52 5.68 151.54 68,882       100%
164 2.3 394,789 6.5 0.38 2.69 0.00 35.50 5.37 151.52 68,874       100%
166 2.2 394,426 6.5 0.38 2.54 0.00 35.48 5.08 151.51 68,867       100%
168 2.0 394,077 6.5 0.38 2.41 0.00 35.47 4.81 151.49 68,859       100%
170 1.9 393,742 6.5 0.38 2.28 0.00 35.45 4.56 151.47 68,852       100%
172 1.7 393,420 6.5 0.38 2.16 0.00 35.44 4.32 151.46 68,845       100%
174 1.6 393,111 6.5 0.38 2.05 0.00 35.42 4.09 151.44 68,839       100%
176 1.5 392,814 6.5 0.38 1.94 0.00 35.41 3.88 151.43 68,832       100%
178 1.4 392,528 6.5 0.38 1.84 0.00 35.40 3.68 151.42 68,826       100%
180 1.3 392,253 6.5 0.38 1.75 0.00 35.38 3.50 151.40 68,820       100%
182 1.2 391,989 6.5 0.38 1.66 0.00 35.37 3.32 151.39 68,815       100%
184 1.1 391,735 6.5 0.38 1.58 0.00 35.36 3.16 151.38 68,809       100%
186 1.0 391,491 6.5 0.38 1.50 0.00 35.35 3.00 151.37 68,804       100%
188 1.0 391,255 6.5 0.38 1.43 0.00 35.34 2.85 151.36 68,799       100%
190 0.9 391,029 6.5 0.38 1.36 0.00 35.33 2.72 151.35 68,794       100%
192 0.8 390,810 6.5 0.38 1.29 0.00 35.32 2.59 151.34 68,790       100%
194 0.8 390,600 6.5 0.38 1.23 0.00 35.31 2.46 151.33 68,785       100%
196 0.7 390,397 6.5 0.38 1.17 0.00 35.30 2.35 151.32 68,781       100%
198 0.7 390,202 6.5 0.38 1.12 0.00 35.29 2.24 151.31 68,776       100%
200 0.6 390,013 6.5 0.38 1.07 0.00 35.28 2.14 151.30 68,772       100%
202 0.6 389,831 6.5 0.38 1.02 0.00 35.27 2.04 151.29 68,769       100%
204 0.5 389,655 6.5 0.38 0.97 0.00 35.26 1.95 151.28 68,765       100%

SB 07.xlsx SB 100-yr HG (P2)
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #8 Sheet:  1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1

Storm Event (yrs) = 10
Total Drainage Area A (ac) = 11.8

Disturbed Area (ac) = 11.8
Curve Number CN = 86 Hydrographs

Rainfall Depth P (in) = 5.28 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 71.25 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 21,240 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 30,994 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

273 0 5,639 - - -
274 1 18,291 11,362 11,362 421
275 2 28,277 23,103 34,465 1,276
276 3 38,333 33,178 67,643 2,505
277 4 47,710 42,936 110,579 4,096
278 5 59,010 53,260 163,839 6,068
279 6 69,292 64,082 227,922 8,442

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 67,643 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 38,333 Required Surface Area Achieved

SB 08.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #8 Sheet:  2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 67,643
Number of Skimmers 1

Days to Drain = 5 assumed
Q each (cf/day) = 13,529 0.16 cfs

Selected Skimmer Size (inches) = 4
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 3.2

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1
Storm Event (yrs) = 10

S = 1.63
Runoff Depth Q* (inches) = 3.73

Time to Peak Tp (min) = 26.88

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 67,643

Z2 (ft) = 6 S2 (cf) = 227,922

b = ln(S2/S1)/ln(Z2/Z1) = 1.8 Ref 2, III-8

KS = S2/Z2
b = 9,864

SB 08.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #8 Sheet:  3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 5.00

Set Top of Dam at (ft) = 6.00

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 2
Use Anti-Seep Collar Size (ft)  = 2 x 2

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 12 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 3.93 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 0.10
Width & Length (ft) = 2

Thickness (ft) = 0.7

Anti-Vortex Device:
Diameter of Riser (in) = 12 From Hydrograph

Cylinder Diameter (in) = 18 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 16
Cylinder Height (in) = 6

See Hydrograph

SB 08.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #8 Sheet:  4 Of:    4

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 6 6 * Barrel Diameter
QB (cfs) = 0.2 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

0.2 0.05 0.06 0.4 0.05 0.05 0.4

Flow Depth = Tailwater, d (ft) = 0.06 0.5* Barrel Diameter (ft) = 0.50 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

1 3 10 11 0.3 Class A

Conclusion Temporary basin, the  25 yr and 100 storms were not routed 
The basin can contain the 10-yr storm.

SB 08.xlsx
SB Dims



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    1 Of    2

Diameter of Riser (in) = 12
Circumference of Riser (in) = 37.7

Height of Riser from bottom of barrel (in) = 60 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 1 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in) #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.16 0.16
0.39 0.00 0.00 0.00 0.16 0.16
0.44 0.00 0.00 0.00 0.16 0.16
0.49 0.00 0.00 0.00 0.16 0.16
0.54 0.00 0.00 0.00 0.16 0.16
0.59 0.00 0.00 0.00 0.16 0.16
0.64 0.00 0.00 0.00 0.16 0.16
0.69 0.00 0.00 0.00 0.16 0.16
0.74 0.00 0.00 0.00 0.16 0.16
0.79 0.00 0.00 0.00 0.16 0.16
0.84 0.00 0.00 0.00 0.16 0.16
0.89 0.00 0.00 0.00 0.16 0.16
0.94 0.00 0.00 0.00 0.16 0.16
0.99 0.00 0.00 0.00 0.16 0.16
1.04 0.00 0.00 0.00 0.16 0.16
1.09 0.00 0.00 0.00 0.16 0.16
1.14 0.00 0.00 0.00 0.16 0.16
1.19 0.00 0.00 0.00 0.16 0.16
1.24 0.00 0.00 0.00 0.16 0.16
1.29 0.00 0.00 0.00 0.16 0.16
1.34 0.00 0.00 0.00 0.16 0.16
1.39 0.00 0.00 0.00 0.16 0.16
1.44 0.00 0.00 0.00 0.16 0.16
1.49 0.00 0.00 0.00 0.16 0.16
1.54 0.00 0.00 0.00 0.16 0.16
1.59 0.00 0.00 0.00 0.16 0.16

Perforations

SB 08.xlsx Pipe Perf-Skimmer



HDR Computation I  Job No.  06985-10570-018     l

Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet    2 Of    2

1.64 0.00 0.00 0.00 0.16 0.16
1.69 0.00 0.00 0.00 0.16 0.16
1.74 0.00 0.00 0.00 0.16 0.16
1.79 0.00 0.00 0.00 0.16 0.16
1.84 0.00 0.00 0.00 0.16 0.16
1.89 0.00 0.00 0.00 0.16 0.16
1.94 0.00 0.00 0.00 0.16 0.16
1.99 0.00 0.00 0.00 0.16 0.16
2.04 0.00 0.00 0.00 0.16 0.16
2.09 0.00 0.00 0.00 0.16 0.16
2.14 0.00 0.00 0.00 0.16 0.16
2.19 0.00 0.00 0.00 0.16 0.16
2.24 0.00 0.00 0.00 0.16 0.16
2.29 0.00 0.00 0.00 0.16 0.16
2.34 0.00 0.00 0.00 0.16 0.16
2.39 0.00 0.00 0.00 0.16 0.16
2.44 0.00 0.00 0.00 0.16 0.16
2.49 0.00 0.00 0.00 0.16 0.16
2.54 0.00 0.00 0.00 0.16 0.16
2.59 0.00 0.00 0.00 0.16 0.16
2.64 0.00 0.00 0.00 0.16 0.16
2.69 0.00 0.00 0.00 0.16 0.16
2.74 0.00 0.00 0.00 0.16 0.16
2.79 0.00 0.00 0.00 0.16 0.16
2.84 0.00 0.00 0.00 0.16 0.16
2.89 0.00 0.00 0.00 0.16 0.16
2.94 0.00 0.00 0.00 0.16 0.16
2.99 0.00 0.00 0.00 0.16 0.16
3.04 0.00 0.00 0.00 0.16 0.16
3.09 0.00 0.00 0.00 0.16 0.16
3.14 0.00 0.00 0.00 0.16 0.16
3.19 0.00 0.00 0.00 0.16 0.16
3.24 0.00 0.00 0.00 0.16 0.16
3.29 0.00 0.00 0.00 0.16 0.16
3.34 0.00 0.00 0.00 0.16 0.16
3.39 0.00 0.00 0.00 0.16 0.16
3.44 0.00 0.00 0.00 0.16 0.16
3.49 0.00 0.00 0.00 0.16 0.16
3.54 0.00 0.00 0.00 0.16 0.16
3.59 0.00 0.00 0.00 0.16 0.16
3.64 0.00 0.00 0.00 0.16 0.16
3.69 0.00 0.00 0.00 0.16 0.16
3.74 0.00 0.00 0.00 0.16 0.16
3.79 0.00 0.00 0.00 0.16 0.16
3.84 0.00 0.00 0.00 0.16 0.16
3.89 0.00 0.00 0.00 0.16 0.16
3.94 0.00 0.00 0.00 0.16 0.16
3.99 0.00 0.00 0.00 0.16 0.16

SB 08.xlsx Pipe Perf-Skimmer



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _1__of _2__

Qp = 71.25 cfs Sediment Basin # 8 Colon
Tp = 26.88 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.8
Number of Riser/Barrel Assemblies 1 Ks = 9,864

Diameter of Barrel = 12 (in)

Height of Riser above barrel = 4 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 5 (ft) elevation 278.00 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 5.0 (ft) elevation 278.00 100% Minimum Settling Efficiency

Total Height of Dam = 6.0 (ft) elevation 279.00 4.9 ft Maximum Stage 277.88 msl elevation

Length of Emergency Spillway = 10 (ft) 0.2 cfs Peak outflow

Diameter of Riser = 12 (in) 0.2 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 273.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 3.8 116 0.1 0.00 0.00 0.00 0.00 0.00 5.65 2,568       N/A
6 8.4 575 0.2 0.00 0.00 0.00 0.00 0.00 11.22 5,101       N/A
8 14.5 1,584 0.4 0.16 0.16 0.00 0.16 0.16 17.34 7,881       100%

10 21.7 3,301 0.5 0.16 0.16 0.00 0.16 0.16 23.77 10,804     100%
12 29.7 5,884 0.7 0.16 0.16 0.00 0.16 0.16 30.47 13,848     100%
14 38.0 9,424 1.0 0.16 0.16 0.00 0.16 0.16 37.29 16,952     100%
16 46.1 13,960 1.2 0.16 0.16 0.00 0.16 0.16 44.15 20,067     100%
18 53.7 19,476 1.5 0.16 0.16 0.00 0.16 0.16 50.93 23,152     100%
20 60.3 25,904 1.7 0.16 0.16 0.00 0.16 0.16 57.57 26,168     100%
22 65.6 33,126 2.0 0.16 0.16 0.00 0.16 0.16 63.98 29,082     100%
24 69.2 40,980 2.3 0.16 0.16 0.00 0.16 0.16 70.10 31,865     100%
26 71.1 49,271 2.5 0.16 0.16 0.00 0.16 0.16 75.87 34,488     100%
28 70.9 57,780 2.7 0.16 0.16 0.00 0.16 0.16 81.25 36,930     100%
30 68.9 66,274 3.0 0.16 0.16 0.00 0.16 0.16 86.17 39,170     100%
32 65.1 74,525 3.2 0.16 0.16 0.00 0.16 0.16 90.63 41,194     100%
34 59.7 82,313 3.4 0.16 0.16 0.00 0.16 0.16 94.58 42,990     100%
36 54.2 89,462 3.5 0.16 0.16 0.00 0.16 0.16 98.02 44,555     100%
38 49.2 95,950 3.7 0.16 0.16 0.00 0.16 0.16 101.01 45,915     100%
40 44.7 101,837 3.8 0.16 0.16 0.00 0.16 0.16 103.63 47,104     100%
42 40.6 107,181 3.9 0.16 0.16 0.00 0.16 0.16 105.93 48,150     100%
44 36.8 112,029 4.0 0.16 0.16 0.00 0.16 0.16 107.96 49,074     100%
46 33.4 116,430 4.1 0.16 0.16 0.00 0.16 0.16 109.76 49,892     100%
48 30.3 120,422 4.2 0.16 0.16 0.00 0.16 0.16 111.36 50,620     100%
50 27.5 124,045 4.2 0.16 0.16 0.00 0.16 0.16 112.79 51,268     100%
52 25.0 127,333 4.3 0.16 0.16 0.00 0.16 0.16 114.06 51,847     100%
54 22.7 130,315 4.4 0.16 0.16 0.00 0.16 0.16 115.20 52,365     100%
56 20.6 133,021 4.4 0.16 0.16 0.00 0.16 0.16 116.22 52,830     100%
58 18.7 135,475 4.5 0.16 0.16 0.00 0.16 0.16 117.14 53,246     100%
60 17.0 137,702 4.5 0.16 0.16 0.00 0.16 0.16 117.96 53,620     100%
62 15.4 139,721 4.5 0.16 0.16 0.00 0.16 0.16 118.70 53,956     100%
64 14.0 141,553 4.6 0.16 0.16 0.00 0.16 0.16 119.37 54,259     100%
66 12.7 143,214 4.6 0.16 0.16 0.00 0.16 0.16 119.97 54,531     100%
68 11.5 144,720 4.6 0.16 0.16 0.00 0.16 0.16 120.51 54,777     100%
70 10.5 146,085 4.7 0.16 0.16 0.00 0.16 0.16 121.00 54,998     100%
72 9.5 147,323 4.7 0.16 0.16 0.00 0.16 0.16 121.44 55,198     100%
74 8.6 148,445 4.7 0.16 0.16 0.00 0.16 0.16 121.83 55,378     100%
76 7.8 149,462 4.7 0.16 0.16 0.00 0.16 0.16 122.19 55,540     100%
78 7.1 150,384 4.7 0.16 0.16 0.00 0.16 0.16 122.51 55,687     100%
80 6.5 151,218 4.7 0.16 0.16 0.00 0.16 0.16 122.80 55,820     100%
82 5.9 151,975 4.8 0.16 0.16 0.00 0.16 0.16 123.07 55,939     100%

SB 08.xlsx SB 10-yr (P1) HG  



Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _2__of _2__

84 5.3 152,659 4.8 0.16 0.16 0.00 0.16 0.16 123.30 56,047     100%
86 4.8 153,279 4.8 0.16 0.16 0.00 0.16 0.16 123.52 56,145     100%
88 4.4 153,840 4.8 0.16 0.16 0.00 0.16 0.16 123.71 56,233     100%
90 4.0 154,347 4.8 0.16 0.16 0.00 0.16 0.16 123.89 56,313     100%
92 3.6 154,806 4.8 0.16 0.16 0.00 0.16 0.16 124.05 56,385     100%
94 3.3 155,221 4.8 0.16 0.16 0.00 0.16 0.16 124.19 56,449     100%
96 3.0 155,596 4.8 0.16 0.16 0.00 0.16 0.16 124.32 56,508     100%
98 2.7 155,935 4.8 0.16 0.16 0.00 0.16 0.16 124.43 56,561     100%

100 2.5 156,240 4.8 0.16 0.16 0.00 0.16 0.16 124.54 56,608     100%
102 2.2 156,516 4.8 0.16 0.16 0.00 0.16 0.16 124.63 56,651     100%
104 2.0 156,765 4.8 0.16 0.16 0.00 0.16 0.16 124.72 56,690     100%
106 1.8 156,989 4.9 0.16 0.16 0.00 0.16 0.16 124.79 56,725     100%
108 1.7 157,190 4.9 0.16 0.16 0.00 0.16 0.16 124.86 56,756     100%
110 1.5 157,371 4.9 0.16 0.16 0.00 0.16 0.16 124.92 56,784     100%
112 1.4 157,534 4.9 0.16 0.16 0.00 0.16 0.16 124.98 56,809     100%
114 1.2 157,680 4.9 0.16 0.16 0.00 0.16 0.16 125.03 56,832     100%
116 1.1 157,811 4.9 0.16 0.16 0.00 0.16 0.16 125.07 56,852     100%
118 1.0 157,928 4.9 0.16 0.16 0.00 0.16 0.16 125.11 56,870     100%
120 0.9 158,033 4.9 0.16 0.16 0.00 0.16 0.16 125.15 56,886     100%
122 0.8 158,126 4.9 0.16 0.16 0.00 0.16 0.16 125.18 56,901     100%
124 0.8 158,209 4.9 0.16 0.16 0.00 0.16 0.16 125.21 56,913     100%
126 0.7 158,282 4.9 0.16 0.16 0.00 0.16 0.16 125.23 56,925     100%
128 0.6 158,347 4.9 0.16 0.16 0.00 0.16 0.16 125.26 56,935     100%
130 0.6 158,404 4.9 0.16 0.16 0.00 0.16 0.16 125.28 56,944     100%
132 0.5 158,455 4.9 0.16 0.16 0.00 0.16 0.16 125.29 56,951     100%
134 0.5 158,499 4.9 0.16 0.16 0.00 0.16 0.16 125.31 56,958     100%
136 0.4 158,537 4.9 0.16 0.16 0.00 0.16 0.16 125.32 56,964     100%
138 0.4 158,569 4.9 0.16 0.16 0.00 0.16 0.16 125.33 56,969     100%
140 0.4 158,598 4.9 0.16 0.16 0.00 0.16 0.16 125.34 56,973     100%
142 0.3 158,621 4.9 0.16 0.16 0.00 0.16 0.16 125.35 56,977     100%
144 0.3 158,641 4.9 0.16 0.16 0.00 0.16 0.16 125.36 56,980     100%
146 0.3 158,657 4.9 0.16 0.16 0.00 0.16 0.16 125.36 56,983     100%
148 0.2 158,671 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,985     100%
150 0.2 158,681 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,986     100%
152 0.2 158,688 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,987     100%
154 0.2 158,693 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,988     100%
156 0.2 158,696 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,989     100%
158 0.1 158,697 4.9 0.16 0.16 0.00 0.16 0.16 125.38 56,989     100%
160 0.1 158,696 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,989     100%
162 0.1 158,693 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,988     100%
164 0.1 158,689 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,988     100%
166 0.1 158,684 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,987     100%
168 0.1 158,677 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,986     100%
170 0.1 158,669 4.9 0.16 0.16 0.00 0.16 0.16 125.37 56,985     100%
172 0.1 158,660 4.9 0.16 0.16 0.00 0.16 0.16 125.36 56,983     100%
174 0.1 158,651 4.9 0.16 0.16 0.00 0.16 0.16 125.36 56,982     100%
176 0.1 158,640 4.9 0.16 0.16 0.00 0.16 0.16 125.36 56,980     100%
178 0.1 158,629 4.9 0.16 0.16 0.00 0.16 0.16 125.35 56,978     100%
180 0.1 158,617 4.9 0.16 0.16 0.00 0.16 0.16 125.35 56,976     100%
182 0.0 158,604 4.9 0.16 0.16 0.00 0.16 0.16 125.34 56,974     100%
184 0.0 158,591 4.9 0.16 0.16 0.00 0.16 0.16 125.34 56,972     100%
186 0.0 158,577 4.9 0.16 0.16 0.00 0.16 0.16 125.33 56,970     100%
188 0.0 158,563 4.9 0.16 0.16 0.00 0.16 0.16 125.33 56,968     100%
190 0.0 158,548 4.9 0.16 0.16 0.00 0.16 0.16 125.32 56,966     100%
192 0.0 158,533 4.9 0.16 0.16 0.00 0.16 0.16 125.32 56,964     100%
194 0.0 158,518 4.9 0.16 0.16 0.00 0.16 0.16 125.31 56,961     100%
196 0.0 158,502 4.9 0.16 0.16 0.00 0.16 0.16 125.31 56,959     100%
198 0.0 158,486 4.9 0.16 0.16 0.00 0.16 0.16 125.30 56,956     100%
200 0.0 158,470 4.9 0.16 0.16 0.00 0.16 0.16 125.30 56,954     100%
202 0.0 158,454 4.9 0.16 0.16 0.00 0.16 0.16 125.29 56,951     100%
204 0.0 158,437 4.9 0.16 0.16 0.00 0.16 0.16 125.29 56,949     100%
206 0.0 158,420 4.9 0.16 0.16 0.00 0.16 0.16 125.28 56,946     100%
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #9 Sheet:   1 Of:    4

Objective Design the sediment basin to contain the 10-year storm and pass the 100-year storm without over topping the berm.

References
1.  NC Erosion and Sediment Control Planning and Design Manual.
2. "Elements of Urban Stormwater Design" by H. Rooney Malcom, P.E.
3.  VA Erosion and Sediment Control Handbook
3.  NOAA Atlas 14, Volume 2, Version 3

Given
Phase 1 2 2 2

Storm Event (yrs) = 10 10 25 100
Total Drainage Area A (ac) = 62.8 85.9 85.9 85.9

Disturbed Area (ac) = 46.7 65.9 65.9 65.9
Curve Number CN = 72 72 72 81 Hydrographs

Rainfall Depth P (in) = 5.28 5.28 6.28 7.88 (24-hr rainfall) Ref 3

Peak Flow Qp (cfs) = 145.70 199.50 268.73 384.06 Hydrographs

Design Criteria

Required sediment storage 1,800 cf / acre of drainage
Required sediment storage 154,620 cf (based on largest Phase)

Required Surface Area 435 sf/cfs of the 10-yr storm peak flow (based on the largest Phase in cfs) 
Required Surface Area (SF) 86,783 of the 10-yr storm peak flow (based on the largest Phase) 

Determine Shape of Basin:
Measure the area of the Basin using AutoCADD.  
Calculate Volume of the Basin using Truncated Pyramid Method.
Shape factor used in hydrographs basin depth may be gretaer than indicated below

Cumulative Cumulative
Elevation (ft) Depth (ft) Area (sf) Volume (cf) Vol (cf) Vol (cy)

262 0 88,670 0 0 0
263 1 92,409 90,533 90,533 3,353
264 2 96,226 94,311 184,844 6,846
265 3 100,091 98,152 282,996 10,481
266 4 103,992 102,035 385,032 14,260
267 5 107,938 105,959 490,990 18,185
268 6 111,933 109,929 600,920 22,256

Design Sediment Depth (ft) = 3
Sediment Storage (cf) = 282,996 Required Sediment Storage Achieved

Design Surface Area Depth (ft) = 3
Surface Area (sf) = 100,091 Required Surface Area Achieved

SB 09.xlsx
SB Dims



HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #9 Sheet:   2 Of:    4

Select Skimmer

A. R. Jarrett Method

D = [Q / (2,310 * (H0.5)]0.5

D =Diameter of Orifice (inches)
Q = Dewater Rate (cf/day)
H = Head on orifice, varies based on skimmer size (ft)

Skimmer Sizes Head
(Inches) (ft)

1.5 0.125
2 0.167

2.5 0.167
3 0.250
4 0.333
5 0.333
6 0.417
8 0.500

Volume to Dewater  (cf) = 282,996
Number of Skimmers 2

Days to Drain = 5 assumed
Q each (cf/day) = 28,300 0.33 cfs

Selected Skimmer Size (inches) = 5
Head on Skimmer (feet) = 0.333

Diameter of Orifice (inches) = 4.6

Route the flow through the Basin
Riser is not perforated, but skimmer is attached.

S = (1000/CN) - 10 

Runoff Depth Q* (inches) = (P-0.2S)2/(P+0.8S) Ref 2, III-4

TP (min) = 60.5(Q*)A/QP/1.39 

Phase 1 2 2 2
Storm Event (yrs) = 10 10 25 100

S = 3.89 3.89 3.89 2.35
Runoff Depth Q* (inches) = 2.42 2.42 3.22 5.63

Time to Peak Tp (min) = 45.32 45.27 44.85 54.80

Determine Pond Storage Elevation (ZWater):
Pick one point near max expected water surface and the other at the mid depth.

Z1 (ft) = 3 S1 (cf)= 282,996

Z2 (ft) = 6 S2 (cf) = 600,920

b = ln(S2/S1)/ln(Z2/Z1) = 1.1 Ref 2, III-8

KS = S2/Z2
b = 85,791

SB 09.xlsx
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #9 Sheet:   3 Of:    4

Determine Settling Velocity
Conversion Factor = 3.281 ft/sec per m/sec

Gravitational Acceleration, g (m/s
2) = 9.81

Specific Gravity of soil (ss)= 2.6

 Kinematic Viscosity of water (v) = 1.14E-06m2 / sec @ 20o C Ref 2, IV-11
Diameter of the Design Particle d15 = 40.00E-06 m

Design Particle Settling Velocity  = ( g / 18 ) * [ ( ss - 1 ) / v ] d2 = 4.02E-03 ft/sec

Route the Storm through the Basin using the  Hydrograph Model
Set Height of Emergency Spillway at (ft) = 7.50

Set Top of Dam at (ft) = 8.50

Emergency Spillway
QE (cfs) = 100-Yr Storm

QE (cfs) = 133.2
Cross Section = Trapezoid

Channel Side Slope (z) = 5 (enter X for X:1)
n = 0.03 Grass Lined

Vp (ft/sec) = 5.0 Permissible Velocity for lining Ref 2, II-7

Allowable Shear Stress (psf) = 2.0 Allowable Shear Stress for lining
Bottom Width, b (ft) = 50

Calculate Required Depth of Spillway:
Normal-Depth Procedure

AR2/3=Qn/1.49s0.5 Q=VA

Zreq=Qn/1.49s0.5 Area (A)= bd+z(d^2)

Zav=AR2/3 R=Area/(b+2d((z^2)+1)^.5)

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

Channel Slope Depth, d A V T
ft/ft (ft) (sf) Zreq R Z avail (ft/sec) (psf)
0.01 0.68 36.24 26.82 0.64 26.82 3.7 0.4
0.02 0.55 29.17 18.97 0.52 18.97 4.6 0.7

Construct the channel to be : 50 ft, Bottom Width (measured at top of lining)
1.0 ft, depth (measured at top of lining)
1% slope

Anti-Seep Collar:
Anti-Seep Collar Size = 2 * Barrel Dia

Anti-Seep Collar Size (ft)  = 7
Use Anti-Seep Collar Size (ft)  = 7 x 7

See Hydrograph

SB 09.xlsx
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HDR Computation I  Job No.  0453925-237673-018     l

Project:   Charah Colon Mine Computed:  EAW Date: 1/4/15

Subject:  Permit Application Checked:    PAW Date:  1/4/15

Task:      Sediment Basin #9 Sheet:   4 Of:    4

Minimum Concrete Base for Riser:
Diameter of Riser (in) = 72 From Hydrograph

Avg Density of Concrete (lbs/cf) = 87.6
Density of Water (lbs/cf) = 62.4

Riser Displacement (cf) = 203.58 Pi * (DR/24)2 * Total Ht of Riser 

Convert cf to cy = 27-1

Min Concrete Needed (cy) = 5.37
Width & Length (ft) = 7

Thickness (ft) = 3.0

Anti-Vortex Device:
Diameter of Riser (in) = 72 From Hydrograph

Cylinder Diameter (in) = 102 Ref 3, III-104, Table 3.14-D

Cylinder Thickness (gage) = 14
Cylinder Height (in) = 36

Determine Tailwater conditions to size outlet apron

Use Normal Depth Procedure (Manning's Eqn.) Ref 2, II-7

A*R2/3 = Q*n/1.49 s0.5
Area (A)= bd+z(d^2)  Zav = A*R2/3

Z req = Q*n/1.49s0.5 R=Area/(b+2d((z^2)+1)^.5)

n = 0.069 6-inch diameter Rip Rap, Lined Channel
Vp (ft/sec) = 9 Permissible Velocity for lining

Side Slope (z)  = 5 enter X for X:1
s (ft/ft) = 0.02 Outlet Slope (estimated)

Bottom Width (ft) = 21 6 * Barrel Diameter
QB (cfs) = 56.1 Peak Flow out of the barrel 25-yr Hydrograph

Q (cfs) Zreq 

Flow Depth 
d (ft) A (sf) R (ft) Zav V (ft/sec)

56.1 18.38 0.88 22.4 0.75 18.38 2.5

Flow Depth = Tailwater, d (ft) = 0.88 0.5* Barrel Diameter (ft) = 1.75 Ref 1, 8.06.3

Minimum Tailwater Conditions: d<0.5*Diameter of Outlet Pipe
Maximum Tailwater Conditions: d>0.5*Diameter of Outlet Pipe

Since the Tailwater is less than half of the diameter of the outlet, use Minimum  Tailwater conditions.

Barrel 
Diameter (ft) Entrance (ft) Length (ft)

Outlet Width 
(ft) 

Median Rip 
Rap Size d50

Selected Rip 
Rap Size (in)

3.5 10.5 20 24 0.6 Class B

Conclusion
The basin can contain the 10-yr storm and pass the 100-yr storm without overtopping the berm.
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   1 Of   2

Diameter of Riser (in) = 72
Circumference of Riser (in) = 226.2

Height of Riser from bottom of barrel (in) = 86 From Hydrograph
Vertical spacing between holes (in) = 0 center to center

Water Stage increment (ft) 0.05

Orifice Equation

Q = Cd * A * (2 * g * h)0.5 Ref 1, p III-11
Q = cfs, discharge

Cd = 0.6 coefficient of discharge
A = sf, cross sectional area

g = 32.2 ft/sec2, gravity
h = ft, driving head measured from the center of the pipe

Skimmer
Row 1 2 3 4 5 2 # of skimmers

Holes per row 0 0 0 0 0
Hole Diameter (in) 0.75 0.75 0.75 0.75 0.75

Spacing edge to edge (in)
Inlet Area (sf) 0.000 0.000 0.000 0.000 0.000

Hole Stage (in) 0.50 0.50 0.50 0.50 0.50
Hole Stage (ft) 0.04 0.04 0.04 0.04 0.04

Water Stage (ft) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Total Flow (cfs)
0.00 0.00 0.00 0.00 0.00 0.00
0.04 0.00 0.00 0.00 0.00 0.00
0.09 0.00 0.00 0.00 0.00 0.00
0.14 0.00 0.00 0.00 0.00 0.00
0.19 0.00 0.00 0.00 0.00 0.00
0.24 0.00 0.00 0.00 0.00 0.00
0.29 0.00 0.00 0.00 0.00 0.00
0.34 0.00 0.00 0.00 0.66 0.66
0.39 0.00 0.00 0.00 0.66 0.66
0.44 0.00 0.00 0.00 0.66 0.66
0.49 0.00 0.00 0.00 0.66 0.66
0.54 0.00 0.00 0.00 0.66 0.66
0.59 0.00 0.00 0.00 0.66 0.66
0.64 0.00 0.00 0.00 0.66 0.66
0.69 0.00 0.00 0.00 0.66 0.66
0.74 0.00 0.00 0.00 0.66 0.66
0.79 0.00 0.00 0.00 0.66 0.66
0.84 0.00 0.00 0.00 0.66 0.66
0.89 0.00 0.00 0.00 0.66 0.66
0.94 0.00 0.00 0.00 0.66 0.66
0.99 0.00 0.00 0.00 0.66 0.66
1.04 0.00 0.00 0.00 0.66 0.66
1.09 0.00 0.00 0.00 0.66 0.66
1.14 0.00 0.00 0.00 0.66 0.66
1.19 0.00 0.00 0.00 0.66 0.66
1.24 0.00 0.00 0.00 0.66 0.66
1.29 0.00 0.00 0.00 0.66 0.66
1.34 0.00 0.00 0.00 0.66 0.66
1.39 0.00 0.00 0.00 0.66 0.66
1.44 0.00 0.00 0.00 0.66 0.66
1.49 0.00 0.00 0.00 0.66 0.66
1.54 0.00 0.00 0.00 0.66 0.66
1.59 0.00 0.00 0.00 0.66 0.66

Perforations

SB 09.xlsx Pipe Perf-Skimmer
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Project:   Charah Colon Mine Computed: PAW Date: 12/31/14

Subject:  Permit Application Checked: EAW Date: 1/2/15

Task:      Riser Pipe Perforations/Skimmer Flow Sheet   2 Of   2

1.64 0.00 0.00 0.00 0.66 0.66
1.69 0.00 0.00 0.00 0.66 0.66
1.74 0.00 0.00 0.00 0.66 0.66
1.79 0.00 0.00 0.00 0.66 0.66
1.84 0.00 0.00 0.00 0.66 0.66
1.89 0.00 0.00 0.00 0.66 0.66
1.94 0.00 0.00 0.00 0.66 0.66
1.99 0.00 0.00 0.00 0.66 0.66
2.04 0.00 0.00 0.00 0.66 0.66
2.09 0.00 0.00 0.00 0.66 0.66
2.14 0.00 0.00 0.00 0.66 0.66
2.19 0.00 0.00 0.00 0.66 0.66
2.24 0.00 0.00 0.00 0.66 0.66
2.29 0.00 0.00 0.00 0.66 0.66
2.34 0.00 0.00 0.00 0.66 0.66
2.39 0.00 0.00 0.00 0.66 0.66
2.44 0.00 0.00 0.00 0.66 0.66
2.49 0.00 0.00 0.00 0.66 0.66
2.54 0.00 0.00 0.00 0.66 0.66
2.59 0.00 0.00 0.00 0.66 0.66
2.64 0.00 0.00 0.00 0.66 0.66
2.69 0.00 0.00 0.00 0.66 0.66
2.74 0.00 0.00 0.00 0.66 0.66
2.79 0.00 0.00 0.00 0.66 0.66
2.84 0.00 0.00 0.00 0.66 0.66
2.89 0.00 0.00 0.00 0.66 0.66
2.94 0.00 0.00 0.00 0.66 0.66
2.99 0.00 0.00 0.00 0.66 0.66
3.04 0.00 0.00 0.00 0.66 0.66
3.09 0.00 0.00 0.00 0.66 0.66
3.14 0.00 0.00 0.00 0.66 0.66
3.19 0.00 0.00 0.00 0.66 0.66
3.24 0.00 0.00 0.00 0.66 0.66
3.29 0.00 0.00 0.00 0.66 0.66
3.34 0.00 0.00 0.00 0.66 0.66
3.39 0.00 0.00 0.00 0.66 0.66
3.44 0.00 0.00 0.00 0.66 0.66
3.49 0.00 0.00 0.00 0.66 0.66
3.54 0.00 0.00 0.00 0.66 0.66
3.59 0.00 0.00 0.00 0.66 0.66
3.64 0.00 0.00 0.00 0.66 0.66
3.69 0.00 0.00 0.00 0.66 0.66
3.74 0.00 0.00 0.00 0.66 0.66
3.79 0.00 0.00 0.00 0.66 0.66
3.84 0.00 0.00 0.00 0.66 0.66
3.89 0.00 0.00 0.00 0.66 0.66
3.94 0.00 0.00 0.00 0.66 0.66
3.99 0.00 0.00 0.00 0.66 0.66
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Computed By:  PAW  Date: 12/31/14

Checked By: EAW  Date:  1/2/15

Sheet: _1___of __2__

Qp = 145.70 cfs Sediment Basin # 9 Colon
Tp = 45.32 minutes Phase 1

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 85,791

Diameter of Barrel = 42 (in)

Height of Riser above barrel = 3.7 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 7.2 (ft) elevation 269.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.5 (ft) elevation 269.50 100% Minimum Settling Efficiency

Total Height of Dam = 8.5 (ft) elevation 270.50 5.4 ft Maximum Stage 267.39 msl elevation

Length of Emergency Spillway = 50 (ft) 1.3 cfs Peak outflow

Diameter of Riser = 72 (in) 1.3 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 262.0 0.0 cfs Peak Weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 0.7 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 2.8 84 0.0 0.00 0.00 0.00 0.00 0.00 118.17 53,715     N/A
6 6.2 418 0.0 0.00 0.00 0.00 0.00 0.00 134.27 61,030     N/A
8 10.9 1,163 0.0 0.00 0.00 0.00 0.00 0.00 145.65 66,206     N/A

10 16.8 2,473 0.0 0.00 0.00 0.00 0.00 0.00 154.66 70,300     N/A
12 23.8 4,491 0.1 0.00 0.00 0.00 0.00 0.00 162.17 73,715     N/A
14 31.7 7,345 0.1 0.00 0.00 0.00 0.00 0.00 168.64 76,656     N/A
16 40.4 11,149 0.2 0.00 0.00 0.00 0.00 0.00 174.33 79,242     N/A
18 49.7 15,998 0.2 0.00 0.00 0.00 0.00 0.00 179.41 81,550     N/A
20 59.5 21,965 0.3 0.00 0.00 0.00 0.00 0.00 183.99 83,632     N/A
22 69.5 29,104 0.4 0.66 0.66 0.00 0.66 1.31 188.16 85,525     100%
24 79.6 37,290 0.5 0.66 0.66 0.00 0.66 1.31 191.90 87,227     100%
26 89.6 46,686 0.6 0.66 0.66 0.00 0.66 1.31 195.36 88,800     100%
28 99.2 57,277 0.7 0.66 0.66 0.00 0.66 1.31 198.56 90,256     100%
30 108.3 69,025 0.8 0.66 0.66 0.00 0.66 1.31 201.53 91,605     100%
32 116.8 81,869 1.0 0.66 0.66 0.00 0.66 1.31 204.28 92,856     100%
34 124.4 95,727 1.1 0.66 0.66 0.00 0.66 1.31 206.84 94,018     100%
36 131.0 110,498 1.3 0.66 0.66 0.00 0.66 1.31 209.21 95,097     100%
38 136.5 126,064 1.4 0.66 0.66 0.00 0.66 1.31 211.42 96,099     100%
40 140.8 142,289 1.6 0.66 0.66 0.00 0.66 1.31 213.46 97,029     100%
42 143.8 159,029 1.8 0.66 0.66 0.00 0.66 1.31 215.36 97,891     100%
44 145.4 176,125 1.9 0.66 0.66 0.00 0.66 1.31 217.12 98,689     100%
46 145.6 193,415 2.1 0.66 0.66 0.00 0.66 1.31 218.74 99,426     100%
48 144.4 210,732 2.3 0.66 0.66 0.00 0.66 1.31 220.23 100,107    100%
50 141.9 227,909 2.5 0.66 0.66 0.00 0.66 1.31 221.61 100,732    100%
52 138.0 244,779 2.6 0.66 0.66 0.00 0.66 1.31 222.87 101,306    100%
54 132.9 261,185 2.8 0.66 0.66 0.00 0.66 1.31 224.03 101,830    100%
56 126.6 276,976 2.9 0.66 0.66 0.00 0.66 1.31 225.07 102,306    100%
58 119.8 292,013 3.1 0.66 0.66 0.00 0.66 1.31 226.02 102,737    100%
60 113.1 306,229 3.2 0.66 0.66 0.00 0.66 1.31 226.88 103,126    100%
62 106.8 319,644 3.4 0.66 0.66 0.00 0.66 1.31 227.65 103,479    100%
64 100.8 332,302 3.5 0.66 0.66 0.00 0.66 1.31 228.36 103,799    100%
66 95.2 344,246 3.6 0.66 0.66 0.00 0.66 1.31 229.00 104,091    100%
68 89.9 355,514 3.7 0.66 0.66 0.00 0.66 1.31 229.59 104,357    100%
70 84.9 366,146 3.8 0.66 0.66 0.00 0.66 1.31 230.13 104,602    100%
72 80.2 376,176 3.9 0.66 0.66 0.00 0.66 1.31 230.62 104,827    100%
74 75.7 385,638 4.0 0.66 0.66 0.00 0.66 1.31 231.08 105,035    100%
76 71.5 394,564 4.1 0.66 0.66 0.00 0.66 1.31 231.50 105,226    100%
78 67.5 402,984 4.2 0.66 0.66 0.00 0.66 1.31 231.89 105,403    100%
80 63.7 410,925 4.2 0.66 0.66 0.00 0.66 1.31 232.25 105,566    100%
82 60.2 418,414 4.3 0.66 0.66 0.00 0.66 1.31 232.58 105,718    100%
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84 56.8 425,478 4.4 0.66 0.66 0.00 0.66 1.31 232.89 105,859    100%
86 53.6 432,138 4.4 0.66 0.66 0.00 0.66 1.31 233.18 105,990    100%
88 50.7 438,419 4.5 0.66 0.66 0.00 0.66 1.31 233.45 106,112    100%
90 47.8 444,340 4.5 0.66 0.66 0.00 0.66 1.31 233.69 106,225    100%
92 45.2 449,923 4.6 0.66 0.66 0.00 0.66 1.31 233.93 106,330    100%
94 42.6 455,185 4.6 0.66 0.66 0.00 0.66 1.31 234.14 106,429    100%
96 40.3 460,146 4.7 0.66 0.66 0.00 0.66 1.31 234.34 106,520    100%
98 38.0 464,821 4.7 0.66 0.66 0.00 0.66 1.31 234.53 106,606    100%

100 35.9 469,226 4.8 0.66 0.66 0.00 0.66 1.31 234.71 106,686    100%
102 33.9 473,378 4.8 0.66 0.66 0.00 0.66 1.31 234.87 106,761    100%
104 32.0 477,289 4.9 0.66 0.66 0.00 0.66 1.31 235.03 106,831    100%
106 30.2 480,973 4.9 0.66 0.66 0.00 0.66 1.31 235.17 106,896    100%
108 28.5 484,443 4.9 0.66 0.66 0.00 0.66 1.31 235.31 106,957    100%
110 26.9 487,710 5.0 0.66 0.66 0.00 0.66 1.31 235.43 107,014    100%
112 25.4 490,787 5.0 0.66 0.66 0.00 0.66 1.31 235.55 107,068    100%
114 24.0 493,684 5.0 0.66 0.66 0.00 0.66 1.31 235.66 107,118    100%
116 22.7 496,410 5.0 0.66 0.66 0.00 0.66 1.31 235.76 107,165    100%
118 21.4 498,975 5.1 0.66 0.66 0.00 0.66 1.31 235.86 107,209    100%
120 20.2 501,389 5.1 0.66 0.66 0.00 0.66 1.31 235.95 107,250    100%
122 19.1 503,659 5.1 0.66 0.66 0.00 0.66 1.31 236.03 107,289    100%
124 18.0 505,794 5.1 0.66 0.66 0.00 0.66 1.31 236.11 107,325    100%
126 17.0 507,801 5.1 0.66 0.66 0.00 0.66 1.31 236.19 107,358    100%
128 16.1 509,688 5.2 0.66 0.66 0.00 0.66 1.31 236.26 107,390    100%
130 15.2 511,460 5.2 0.66 0.66 0.00 0.66 1.31 236.32 107,420    100%
132 14.3 513,125 5.2 0.66 0.66 0.00 0.66 1.31 236.38 107,448    100%
134 13.5 514,688 5.2 0.66 0.66 0.00 0.66 1.31 236.44 107,474    100%
136 12.8 516,156 5.2 0.66 0.66 0.00 0.66 1.31 236.50 107,498    100%
138 12.1 517,532 5.2 0.66 0.66 0.00 0.66 1.31 236.55 107,521    100%
140 11.4 518,824 5.2 0.66 0.66 0.00 0.66 1.31 236.59 107,542    100%
142 10.8 520,034 5.3 0.66 0.66 0.00 0.66 1.31 236.64 107,562    100%
144 10.2 521,168 5.3 0.66 0.66 0.00 0.66 1.31 236.68 107,580    100%
146 9.6 522,231 5.3 0.66 0.66 0.00 0.66 1.31 236.72 107,598    100%
148 9.1 523,225 5.3 0.66 0.66 0.00 0.66 1.31 236.75 107,614    100%
150 8.6 524,155 5.3 0.66 0.66 0.00 0.66 1.31 236.78 107,629    100%
152 8.1 525,024 5.3 0.66 0.66 0.00 0.66 1.31 236.82 107,644    100%
154 7.6 525,836 5.3 0.66 0.66 0.00 0.66 1.31 236.84 107,657    100%
156 7.2 526,595 5.3 0.66 0.66 0.00 0.66 1.31 236.87 107,669    100%
158 6.8 527,302 5.3 0.66 0.66 0.00 0.66 1.31 236.90 107,681    100%
160 6.4 527,960 5.3 0.66 0.66 0.00 0.66 1.31 236.92 107,691    100%
162 6.1 528,574 5.3 0.66 0.66 0.00 0.66 1.31 236.94 107,701    100%
164 5.7 529,144 5.3 0.66 0.66 0.00 0.66 1.31 236.96 107,711    100%
166 5.4 529,674 5.3 0.66 0.66 0.00 0.66 1.31 236.98 107,719    100%
168 5.1 530,166 5.3 0.66 0.66 0.00 0.66 1.31 237.00 107,727    100%
170 4.8 530,621 5.4 0.66 0.66 0.00 0.66 1.31 237.02 107,734    100%
172 4.6 531,042 5.4 0.66 0.66 0.00 0.66 1.31 237.03 107,741    100%
174 4.3 531,431 5.4 0.66 0.66 0.00 0.66 1.31 237.04 107,747    100%
176 4.1 531,790 5.4 0.66 0.66 0.00 0.66 1.31 237.06 107,753    100%
178 3.8 532,119 5.4 0.66 0.66 0.00 0.66 1.31 237.07 107,759    100%
180 3.6 532,422 5.4 0.66 0.66 0.00 0.66 1.31 237.08 107,763    100%
182 3.4 532,699 5.4 0.66 0.66 0.00 0.66 1.31 237.09 107,768    100%
184 3.2 532,952 5.4 0.66 0.66 0.00 0.66 1.31 237.10 107,772    100%
186 3.0 533,182 5.4 0.66 0.66 0.00 0.66 1.31 237.11 107,776    100%
188 2.9 533,390 5.4 0.66 0.66 0.00 0.66 1.31 237.11 107,779    100%
190 2.7 533,578 5.4 0.66 0.66 0.00 0.66 1.31 237.12 107,782    100%
192 2.6 533,747 5.4 0.66 0.66 0.00 0.66 1.31 237.13 107,785    100%
194 2.4 533,897 5.4 0.66 0.66 0.00 0.66 1.31 237.13 107,787    100%
196 2.3 534,030 5.4 0.66 0.66 0.00 0.66 1.31 237.14 107,789    100%
198 2.2 534,148 5.4 0.66 0.66 0.00 0.66 1.31 237.14 107,791    100%
200 2.0 534,249 5.4 0.66 0.66 0.00 0.66 1.31 237.14 107,793    100%
202 1.9 534,337 5.4 0.66 0.66 0.00 0.66 1.31 237.15 107,794    100%
204 1.8 534,411 5.4 0.66 0.66 0.00 0.66 1.31 237.15 107,795    100%
206 1.7 534,471 5.4 0.66 0.66 0.00 0.66 1.31 237.15 107,796    100%
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Qp = 199.50 cfs Sediment Basin # 9 Colon
Tp = 45.27 minutes Phase 2

dT = Max of 2 minutes 10  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 85,791

Diameter of Barrel = 42 (in)

Height of Riser above barrel = 3.7 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 7.2 (ft) elevation 269.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.5 (ft) elevation 269.50 100% Minimum Settling Efficiency

Total Height of Dam = 8.5 (ft) elevation 270.50 7.2 ft Maximum Stage 269.23 msl elevation

Length of Emergency Spillway = 50 (ft) 1.9 cfs Peak outflow

Diameter of Riser = 72 (in) 1.9 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 262.0 0.0 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACIT

Y [cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 1.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 3.8 115 0.0 0.00 0.00 0.00 0.00 0.00 121.18 55,083      N/A
6 8.5 573 0.0 0.00 0.00 0.00 0.00 0.00 137.69 62,584      N/A
8 15.0 1,596 0.0 0.00 0.00 0.00 0.00 0.00 149.36 67,893      N/A

10 23.1 3,394 0.1 0.00 0.00 0.00 0.00 0.00 158.60 72,091      N/A
12 32.6 6,162 0.1 0.00 0.00 0.00 0.00 0.00 166.30 75,592      N/A
14 43.5 10,078 0.1 0.00 0.00 0.00 0.00 0.00 172.94 78,608      N/A
16 55.4 15,296 0.2 0.00 0.00 0.00 0.00 0.00 178.77 81,260      N/A
18 68.2 21,947 0.3 0.00 0.00 0.00 0.00 0.00 183.98 83,627      N/A
20 81.6 30,132 0.4 0.66 0.66 0.00 0.66 1.31 188.68 85,761      100%
22 95.4 39,768 0.5 0.66 0.66 0.00 0.66 1.31 192.88 87,675      100%
24 109.2 51,053 0.6 0.66 0.66 0.00 0.66 1.31 196.75 89,434      100%
26 122.8 63,997 0.8 0.66 0.66 0.00 0.66 1.31 200.32 91,055      100%
28 136.0 78,579 0.9 0.66 0.66 0.00 0.66 1.31 203.62 92,554      100%
30 148.5 94,745 1.1 0.66 0.66 0.00 0.66 1.31 206.67 93,941      100%
32 160.1 112,413 1.3 0.66 0.66 0.00 0.66 1.31 209.50 95,227      100%
34 170.5 131,468 1.5 0.66 0.66 0.00 0.66 1.31 212.12 96,420      100%
36 179.6 151,772 1.7 0.66 0.66 0.00 0.66 1.31 214.56 97,528      100%
38 187.1 173,161 1.9 0.66 0.66 0.00 0.66 1.31 216.82 98,556      100%
40 192.9 195,452 2.1 0.66 0.66 0.00 0.66 1.31 218.92 99,509      100%
42 196.9 218,443 2.4 0.66 0.66 0.00 0.66 1.31 220.86 100,393    100%
44 199.1 241,919 2.6 0.66 0.66 0.00 0.66 1.31 222.66 101,211    100%
46 199.4 265,655 2.8 0.66 0.66 0.00 0.66 1.31 224.33 101,967    100%
48 197.7 289,422 3.1 0.66 0.66 0.00 0.66 1.31 225.86 102,665    100%
50 194.2 312,991 3.3 0.66 0.66 0.00 0.66 1.31 227.27 103,306    100%
52 188.8 336,135 3.5 0.66 0.66 0.00 0.66 1.31 228.57 103,893    100%
54 181.8 358,637 3.7 0.66 0.66 0.00 0.66 1.31 229.75 104,430    100%
56 173.1 380,290 3.9 0.66 0.66 0.00 0.66 1.31 230.82 104,918    100%
58 163.7 400,906 4.1 0.66 0.66 0.00 0.66 1.31 231.79 105,359    100%
60 154.6 420,396 4.3 0.66 0.66 0.00 0.66 1.31 232.67 105,758    100%
62 146.0 438,789 4.5 0.66 0.66 0.00 0.66 1.31 233.46 106,119    100%
64 137.8 456,147 4.7 0.66 0.66 0.00 0.66 1.31 234.18 106,447    100%
66 130.1 472,527 4.8 0.66 0.66 0.00 0.66 1.31 234.84 106,746    100%
68 122.9 487,984 5.0 0.66 0.66 0.00 0.66 1.31 235.44 107,019    100%
70 116.0 502,570 5.1 0.66 0.66 0.00 0.66 1.31 235.99 107,270    100%
72 109.5 516,332 5.2 0.66 0.66 0.00 0.66 1.31 236.50 107,501    100%
74 103.4 529,318 5.3 0.66 0.66 0.00 0.66 1.31 236.97 107,713    100%
76 97.6 541,571 5.5 0.66 0.66 0.00 0.66 1.31 237.40 107,910    100%
78 92.2 553,131 5.6 0.66 0.66 0.00 0.66 1.31 237.80 108,091    100%
80 87.0 564,036 5.7 0.66 0.66 0.00 0.66 1.31 238.17 108,259    100%
82 82.2 574,325 5.8 0.66 0.66 0.00 0.66 1.31 238.51 108,415    100%
84 77.6 584,030 5.8 0.66 0.66 0.00 0.66 1.31 238.83 108,559    100%
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86 73.3 593,185 5.9 0.66 0.66 0.00 0.66 1.31 239.13 108,693    100%
88 69.2 601,820 6.0 0.66 0.66 0.00 0.66 1.31 239.40 108,818    100%
90 65.3 609,964 6.1 0.66 0.66 0.00 0.66 1.31 239.66 108,935    100%
92 61.7 617,645 6.2 0.66 0.66 0.00 0.66 1.31 239.90 109,043    100%
94 58.2 624,889 6.2 0.66 0.66 0.00 0.66 1.31 240.12 109,144    100%
96 55.0 631,720 6.3 0.66 0.66 0.00 0.66 1.31 240.33 109,239    100%
98 51.9 638,160 6.3 0.66 0.66 0.00 0.66 1.31 240.52 109,327    100%

100 49.0 644,232 6.4 0.66 0.66 0.00 0.66 1.31 240.70 109,409    100%
102 46.3 649,957 6.4 0.66 0.66 0.00 0.66 1.31 240.87 109,486    100%
104 43.7 655,353 6.5 0.66 0.66 0.00 0.66 1.31 241.03 109,558    100%
106 41.3 660,440 6.5 0.66 0.66 0.00 0.66 1.31 241.18 109,626    100%
108 39.0 665,233 6.6 0.66 0.66 0.00 0.66 1.31 241.32 109,689    100%
110 36.8 669,751 6.6 0.66 0.66 0.00 0.66 1.31 241.45 109,748    100%
112 34.7 674,007 6.7 0.66 0.66 0.00 0.66 1.31 241.57 109,803    100%
114 32.8 678,017 6.7 0.66 0.66 0.00 0.66 1.31 241.68 109,855    100%
116 31.0 681,795 6.7 0.66 0.66 0.00 0.66 1.31 241.79 109,904    100%
118 29.2 685,353 6.8 0.66 0.66 0.00 0.66 1.31 241.89 109,949    100%
120 27.6 688,703 6.8 0.66 0.66 0.00 0.66 1.31 241.98 109,992    100%
122 26.1 691,858 6.8 0.66 0.66 0.00 0.66 1.31 242.07 110,032    100%
124 24.6 694,828 6.9 0.66 0.66 0.00 0.66 1.31 242.15 110,069    100%
126 23.2 697,623 6.9 0.66 0.66 0.00 0.66 1.31 242.23 110,104    100%
128 21.9 700,254 6.9 0.66 0.66 0.00 0.66 1.31 242.30 110,137    100%
130 20.7 702,729 6.9 0.66 0.66 0.00 0.66 1.31 242.37 110,168    100%
132 19.6 705,057 7.0 0.66 0.66 0.00 0.66 1.31 242.43 110,197    100%
134 18.5 707,246 7.0 0.66 0.66 0.00 0.66 1.31 242.49 110,224    100%
136 17.4 709,305 7.0 0.66 0.66 0.00 0.66 1.31 242.55 110,250    100%
138 16.5 711,239 7.0 0.66 0.66 0.00 0.66 1.31 242.60 110,274    100%
140 15.5 713,057 7.0 0.66 0.66 0.00 0.66 1.31 242.65 110,296    100%
142 14.7 714,765 7.0 0.66 0.66 0.00 0.66 1.31 242.70 110,317    100%
144 13.9 716,369 7.1 0.66 0.66 0.00 0.66 1.31 242.74 110,337    100%
146 13.1 717,874 7.1 0.66 0.66 0.00 0.66 1.31 242.78 110,355    100%
148 12.4 719,287 7.1 0.66 0.66 0.00 0.66 1.31 242.82 110,372    100%
150 11.7 720,612 7.1 0.66 0.66 0.00 0.66 1.31 242.85 110,388    100%
152 11.0 721,854 7.1 0.66 0.66 0.00 0.66 1.31 242.89 110,404    100%
154 10.4 723,018 7.1 0.66 0.66 0.00 0.66 1.31 242.92 110,418    100%
156 9.8 724,108 7.1 0.66 0.66 0.00 0.66 1.31 242.95 110,431    100%
158 9.3 725,129 7.1 0.66 0.66 0.00 0.66 1.31 242.98 110,443    100%
160 8.8 726,084 7.1 0.66 0.66 0.00 0.66 1.31 243.00 110,455    100%
162 8.3 726,977 7.1 0.66 0.66 0.00 0.66 1.31 243.02 110,466    100%
164 7.8 727,811 7.2 0.66 0.66 0.00 0.66 1.31 243.05 110,476    100%
166 7.4 728,590 7.2 0.66 0.66 0.00 0.66 1.31 243.07 110,485    100%
168 7.0 729,317 7.2 0.66 0.66 0.00 0.66 1.31 243.09 110,494    100%
170 6.6 729,994 7.2 0.66 0.66 0.00 0.66 1.31 243.10 110,502    100%
172 6.2 730,625 7.2 0.66 0.66 0.00 0.66 1.31 243.12 110,510    100%
174 5.9 731,212 7.2 0.66 0.66 0.00 0.66 1.31 243.14 110,517    100%
176 5.5 731,757 7.2 0.66 0.66 0.00 0.66 1.31 243.15 110,523    100%
178 5.2 732,263 7.2 0.66 0.66 0.00 0.66 1.31 243.16 110,529    100%
180 4.9 732,733 7.2 0.66 0.66 0.00 107.99 1.32 243.18 110,535    100%
182 4.7 733,166 7.2 0.66 0.68 0.00 108.03 1.36 243.19 110,540    100%
184 4.4 733,561 7.2 0.66 0.71 0.00 108.07 1.42 243.20 110,545    100%
186 4.1 733,918 7.2 0.66 0.74 0.00 108.10 1.48 243.21 110,549    100%
188 3.9 734,238 7.2 0.66 0.77 0.00 108.13 1.54 243.22 110,553    100%
190 3.7 734,522 7.2 0.66 0.80 0.00 108.15 1.61 243.22 110,556    100%
192 3.5 734,773 7.2 0.66 0.83 0.00 108.18 1.66 243.23 110,559    100%
194 3.3 734,992 7.2 0.66 0.86 0.00 108.20 1.72 243.24 110,562    100%
196 3.1 735,182 7.2 0.66 0.88 0.00 108.21 1.77 243.24 110,564    100%
198 2.9 735,343 7.2 0.66 0.90 0.00 108.23 1.81 243.25 110,566    100%
200 2.8 735,479 7.2 0.66 0.92 0.00 108.24 1.85 243.25 110,568    100%
202 2.6 735,590 7.2 0.66 0.94 0.00 108.25 1.88 243.25 110,569    100%
204 2.5 735,679 7.2 0.66 0.95 0.00 108.26 1.90 243.25 110,570    100%

SB 09.xlsx SB 10-yr (P2) HG



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100 120 140 160 180

S
T

A
G

E
 (

ft
)

F
LO

W
 (

cf
s)

TIME (min)

Sediment Basin #9 Colon Mine Phase 2 Hydrograph
10-Yr Storm

TOTAL OUTFLOW [cfs]

INFLOW [cfs]

STAGE [ft]



Computed By:  PAW  Date: 12/31/14

Checked By:  EAW  Date: 1/2/15

Sheet: __1__of __2__

Qp = 268.73 cfs Sediment Basin # 9 Colon
Tp = 44.85 minutes Phase 2

dT = Max of 2 minutes 25  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 85,791

Diameter of Barrel = 42 (in)

Height of Riser above barrel = 3.7 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 7.2 (ft) elevation 269.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.5 (ft) elevation 269.50 93% Minimum Settling Efficiency

Total Height of Dam = 8.5 (ft) elevation 270.50 7.8 ft Maximum Stage 269.8 msl elevation

Length of Emergency Spillway = 50 (ft) 78.3 cfs Peak outflow

Diameter of Riser = 72 (in) 56.1 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 262.0 22.1 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFL
OW [cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
2 1.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -          N/A
4 5.2 158 0.0 0.00 0.00 0.00 0.00 0.00 124.27 56,487     N/A
6 11.7 787 0.0 0.00 0.00 0.00 0.00 0.00 141.19 64,179     N/A
8 20.5 2,190 0.0 0.00 0.00 0.00 0.00 0.00 153.17 69,622     N/A

10 31.6 4,656 0.1 0.00 0.00 0.00 0.00 0.00 162.64 73,926     N/A
12 44.7 8,452 0.1 0.00 0.00 0.00 0.00 0.00 170.54 77,516     N/A
14 59.6 13,820 0.2 0.00 0.00 0.00 0.00 0.00 177.34 80,607     N/A
16 75.9 20,971 0.3 0.00 0.00 0.00 0.00 0.00 183.31 83,325     N/A
18 93.4 30,080 0.4 0.66 0.66 0.00 0.66 1.31 188.65 85,750     100%
20 111.6 41,128 0.5 0.66 0.66 0.00 0.66 1.31 193.40 87,909     100%
22 130.4 54,368 0.7 0.66 0.66 0.00 0.66 1.31 197.74 89,882     100%
24 149.2 69,854 0.8 0.66 0.66 0.00 0.66 1.31 201.72 91,692     100%
26 167.7 87,595 1.0 0.66 0.66 0.00 0.66 1.31 205.38 93,357     100%
28 185.5 107,556 1.2 0.66 0.66 0.00 0.66 1.31 208.77 94,893     100%
30 202.4 129,659 1.5 0.66 0.66 0.00 0.66 1.31 211.89 96,314     100%
32 217.9 153,785 1.7 0.66 0.66 0.00 0.66 1.31 214.79 97,630     100%
34 231.7 179,772 2.0 0.66 0.66 0.00 0.66 1.31 217.47 98,850     100%
36 243.7 207,424 2.3 0.66 0.66 0.00 0.66 1.31 219.96 99,981     100%
38 253.6 236,514 2.5 0.66 0.66 0.00 0.66 1.31 222.27 101,030   100%
40 261.0 266,783 2.8 0.66 0.66 0.00 0.66 1.31 224.40 102,002   100%
42 266.1 297,951 3.1 0.66 0.66 0.00 0.66 1.31 226.38 102,902   100%
44 268.5 329,721 3.5 0.66 0.66 0.00 0.66 1.31 228.22 103,734   100%
46 268.3 361,783 3.8 0.66 0.66 0.00 0.66 1.31 229.91 104,503   100%
48 265.5 393,821 4.1 0.66 0.66 0.00 0.66 1.31 231.46 105,210   100%
50 260.1 425,521 4.4 0.66 0.66 0.00 0.66 1.31 232.89 105,860   100%
52 252.2 456,574 4.7 0.66 0.66 0.00 0.66 1.31 234.20 106,454   100%
54 242.1 486,685 4.9 0.66 0.66 0.00 0.66 1.31 235.39 106,996   100%
56 229.8 515,577 5.2 0.66 0.66 0.00 0.66 1.31 236.47 107,488   100%
58 217.1 542,996 5.5 0.66 0.66 0.00 0.66 1.31 237.45 107,932   100%
60 204.9 568,894 5.7 0.66 0.66 0.00 0.66 1.31 238.33 108,333   100%
62 193.4 593,324 5.9 0.66 0.66 0.00 0.66 1.31 239.13 108,696   100%
64 182.5 616,370 6.1 0.66 0.66 0.00 0.66 1.31 239.86 109,025   100%
66 172.2 638,109 6.3 0.66 0.66 0.00 0.66 1.31 240.52 109,326   100%
68 162.5 658,614 6.5 0.66 0.66 0.00 0.66 1.31 241.12 109,602   100%
70 153.3 677,956 6.7 0.66 0.66 0.00 0.66 1.31 241.68 109,854   100%
72 144.7 696,200 6.9 0.66 0.66 0.00 0.66 1.31 242.19 110,086   100%
74 136.6 713,407 7.0 0.66 0.66 0.00 0.66 1.31 242.66 110,300   100%
76 128.9 729,637 7.2 0.66 0.66 0.00 0.66 1.31 243.10 110,498   100%
78 121.6 744,943 7.3 0.66 2.99 0.00 109.08 5.98 243.50 110,680   100%
80 114.8 758,819 7.4 0.66 7.85 0.00 110.30 15.69 243.85 110,843   100%
82 108.3 770,707 7.5 0.66 13.23 1.41 111.34 27.87 244.16 110,980   99%
84 102.2 780,357 7.6 0.66 18.28 7.15 112.17 43.71 244.40 111,090   97%
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86 96.4 787,376 7.7 0.66 22.29 12.87 112.77 57.45 244.57 111,169   96%
88 91.0 792,054 7.7 0.66 25.11 17.27 113.17 67.48 244.69 111,221   95%
90 85.9 794,877 7.8 0.66 26.86 20.12 113.41 73.84 244.76 111,253   94%
92 81.0 796,322 7.8 0.66 27.78 21.63 113.53 77.18 244.79 111,269   93%
94 76.5 796,785 7.8 0.66 28.07 22.12 113.57 78.27 244.80 111,274   93%
96 72.2 796,571 7.8 0.66 27.93 21.90 113.55 77.77 244.80 111,272   93%
98 68.1 795,899 7.8 0.66 27.51 21.19 113.49 76.20 244.78 111,264   94%

100 64.3 794,928 7.8 0.66 26.90 20.17 113.41 73.96 244.76 111,253   94%
102 60.7 793,766 7.8 0.66 26.17 18.98 113.31 71.31 244.73 111,241   94%
104 57.2 792,486 7.7 0.66 25.37 17.69 113.20 68.44 244.70 111,226   94%
106 54.0 791,142 7.7 0.66 24.55 16.38 113.09 65.48 244.66 111,211   95%
108 51.0 789,766 7.7 0.66 23.72 15.06 112.97 62.50 244.63 111,196   95%
110 48.1 788,383 7.7 0.66 22.89 13.78 112.86 59.56 244.60 111,180   96%
112 45.4 787,008 7.7 0.66 22.07 12.55 112.74 56.69 244.56 111,165   96%
114 42.8 785,652 7.7 0.66 21.28 11.37 112.62 53.93 244.53 111,150   96%
116 40.4 784,321 7.7 0.66 20.51 10.24 112.51 51.27 244.50 111,135   97%
118 38.1 783,020 7.7 0.66 19.77 9.19 112.40 48.73 244.46 111,120   97%
120 36.0 781,750 7.6 0.66 19.05 8.19 112.29 46.30 244.43 111,106   97%
122 34.0 780,514 7.6 0.66 18.37 7.26 112.18 43.99 244.40 111,092   97%
124 32.1 779,311 7.6 0.66 17.71 6.39 112.08 41.80 244.37 111,078   98%
126 30.3 778,141 7.6 0.66 17.07 5.58 111.98 39.73 244.34 111,065   98%
128 28.5 777,004 7.6 0.66 16.46 4.83 111.88 37.76 244.31 111,052   98%
130 26.9 775,899 7.6 0.66 15.88 4.14 111.79 35.89 244.29 111,039   98%
132 25.4 774,825 7.6 0.66 15.32 3.50 111.69 34.13 244.26 111,027   98%
134 24.0 773,780 7.6 0.66 14.78 2.91 111.60 32.47 244.23 111,015   98%
136 22.6 772,763 7.6 0.66 14.26 2.37 111.51 30.89 244.21 111,004   99%
138 21.4 771,772 7.6 0.66 13.76 1.89 111.43 29.41 244.18 110,992   99%
140 20.2 770,807 7.5 0.66 13.28 1.45 111.35 28.01 244.16 110,981   99%
142 19.0 769,864 7.5 0.66 12.82 1.06 111.26 26.70 244.13 110,970   99%
144 18.0 768,943 7.5 0.66 12.37 0.73 111.18 25.47 244.11 110,960   99%
146 16.9 768,041 7.5 0.66 11.94 0.44 111.11 24.32 244.09 110,949   99%
148 16.0 767,156 7.5 0.66 11.52 0.21 111.03 23.25 244.07 110,939   99%
150 15.1 766,285 7.5 0.66 11.11 0.05 110.95 22.28 244.04 110,929   99%
152 14.2 765,422 7.5 0.66 10.72 0.00 110.88 21.43 244.02 110,919   99%
154 13.4 764,559 7.5 0.66 10.32 0.00 110.80 20.65 244.00 110,909   99%
156 12.7 763,694 7.5 0.66 9.93 0.00 110.73 19.87 243.98 110,899   99%
158 12.0 762,831 7.5 0.66 9.55 0.00 110.65 19.10 243.96 110,889   99%
160 11.3 761,974 7.5 0.66 9.18 0.00 110.58 18.36 243.93 110,880   99%
162 10.7 761,127 7.5 0.66 8.81 0.00 110.50 17.63 243.91 110,870   99%
164 10.1 760,290 7.5 0.66 8.46 0.00 110.43 16.92 243.89 110,860   100%
166 9.5 759,467 7.4 0.66 8.11 0.00 110.36 16.23 243.87 110,850   100%
168 9.0 758,659 7.4 0.66 7.78 0.00 110.29 15.56 243.85 110,841   100%
170 8.5 757,866 7.4 0.66 7.46 0.00 110.22 14.92 243.83 110,832   100%
172 8.0 757,090 7.4 0.66 7.15 0.00 110.15 14.30 243.81 110,823   100%
174 7.5 756,331 7.4 0.66 6.85 0.00 110.08 13.70 243.79 110,814   100%
176 7.1 755,590 7.4 0.66 6.56 0.00 110.02 13.13 243.77 110,805   100%
178 6.7 754,867 7.4 0.66 6.29 0.00 109.96 12.58 243.75 110,797   100%
180 6.3 754,162 7.4 0.66 6.02 0.00 109.89 12.05 243.74 110,789   100%
182 6.0 753,476 7.4 0.66 5.77 0.00 109.83 11.54 243.72 110,781   100%
184 5.6 752,807 7.4 0.66 5.53 0.00 109.77 11.05 243.70 110,773   100%
186 5.3 752,156 7.4 0.66 5.29 0.00 109.72 10.59 243.68 110,765   100%
188 5.0 751,524 7.4 0.66 5.07 0.00 109.66 10.14 243.67 110,758   100%
190 4.7 750,908 7.4 0.66 4.86 0.00 109.61 9.72 243.65 110,751   100%
192 4.5 750,310 7.4 0.66 4.66 0.00 109.56 9.31 243.64 110,744   100%
194 4.2 749,729 7.4 0.66 4.46 0.00 109.50 8.92 243.62 110,737   100%
196 4.0 749,164 7.4 0.66 4.27 0.00 109.45 8.55 243.61 110,730   100%
198 3.8 748,615 7.3 0.66 4.10 0.00 109.41 8.19 243.59 110,724   100%
200 3.5 748,083 7.3 0.66 3.93 0.00 109.36 7.85 243.58 110,717   100%
202 3.3 747,565 7.3 0.66 3.77 0.00 109.31 7.53 243.56 110,711   100%
204 3.2 747,063 7.3 0.66 3.61 0.00 109.27 7.22 243.55 110,705   100%
206 3.0 746,575 7.3 0.66 3.46 0.00 109.23 6.93 243.54 110,700   100%
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Qp = 384.1 cfs Sediment Basin # 9 Colon
Tp = 54.8 minutes Phase 2

dT = Max of 2 minutes 100  -  year Storm Event
or 1.0% of increment to peak

b = 1.1
Number of Riser/Barrel Assemblies 2 Ks = 85,791

Diameter of Barrel = 42 (in)

Height of Riser above barrel = 3.7 (ft) 4.0E-03 Settling Velocity of design particle (fps)

Height of Riser from bottom of barrel= 7.2 (ft) elevation 269.20 2 Effective number of cells (2 is construction site #)

Emergency Spillway = 7.5 (ft) elevation 269.50 67% Minimum Settling Efficiency

Total Height of Dam = 8.5 (ft) elevation 270.50 8.4 ft Maximum Stage 270.4 msl elevation

Length of Emergency Spillway = 50 (ft) 303.0 cfs Peak outflow

Diameter of Riser = 72 (in) 169.8 cfs Peak Riser/Barrel outflow

Permanent Pond Stage = 0 (ft) elevation 262.0 133.2 cfs peak weir flow

Notes:
1.  Length of emergency spillway is the bottom width of the emergency spillway.
2.  Settling efficiency neglects permanent pond volume

TIME 
(min)

INFLOW 
[cfs]

STORAGE 
[cu ft]

STAGE 
[ft]

Skimmer 
Flow [cfs]

RISER 
CAPACIT

Y [cfs]

WEIR 
FLOW 

[cfs]

BARREL 
CAPACITY 

[cfs]

TOTAL 
OUTFLOW 

[cfs]

Bound 
Discharge 

[cfs]

Estimated 
Surface 
Area (sf)

Settling 
Efficiency 

[%]
0 0.0 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
2 1.3 0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 -           N/A
4 5.0 151 0.0 0.00 0.00 0.00 0.00 0.00 123.85 56,294       N/A
6 11.2 755 0.0 0.00 0.00 0.00 0.00 0.00 140.73 63,967       N/A
8 19.8 2,104 0.0 0.00 0.00 0.00 0.00 0.00 152.69 69,402       N/A

10 30.7 4,486 0.1 0.00 0.00 0.00 0.00 0.00 162.16 73,708       N/A
12 43.7 8,170 0.1 0.00 0.00 0.00 0.00 0.00 170.08 77,307       N/A
14 58.6 13,411 0.2 0.00 0.00 0.00 0.00 0.00 176.91 80,415       N/A
16 75.3 20,443 0.3 0.00 0.00 0.00 0.00 0.00 182.94 83,156       N/A
18 93.5 29,476 0.4 0.66 0.66 0.00 0.66 1.31 188.35 85,612       100%
20 113.0 40,537 0.5 0.66 0.66 0.00 0.66 1.31 193.18 87,808       100%
22 133.5 53,939 0.7 0.66 0.66 0.00 0.66 1.31 197.62 89,826       100%
24 154.8 69,805 0.8 0.66 0.66 0.00 0.66 1.31 201.71 91,687       100%
26 176.6 88,229 1.0 0.66 0.66 0.00 0.66 1.31 205.50 93,410       100%
28 198.6 109,268 1.2 0.66 0.66 0.00 0.66 1.31 209.03 95,012       100%
30 220.6 132,947 1.5 0.66 0.66 0.00 0.66 1.31 212.31 96,506       100%
32 242.1 159,256 1.8 0.66 0.66 0.00 0.66 1.31 215.38 97,902       100%
34 263.0 188,149 2.1 0.66 0.66 0.00 0.66 1.31 218.26 99,208       100%
36 282.9 219,549 2.4 0.66 0.66 0.00 0.66 1.31 220.95 100,433     100%
38 301.7 253,342 2.7 0.66 0.66 0.00 0.66 1.31 223.48 101,583     100%
40 319.0 289,385 3.1 0.66 0.66 0.00 0.66 1.31 225.86 102,664     100%
42 334.6 327,507 3.4 0.66 0.66 0.00 0.66 1.31 228.09 103,679     100%
44 348.4 367,507 3.8 0.66 0.66 0.00 0.66 1.31 230.19 104,633     100%
46 360.1 409,160 4.2 0.66 0.66 0.00 0.66 1.31 232.17 105,530     100%
48 369.7 452,219 4.6 0.66 0.66 0.00 0.66 1.31 234.02 106,373     100%
50 376.8 496,421 5.0 0.66 0.66 0.00 0.66 1.31 235.76 107,165     100%
52 381.6 541,484 5.5 0.66 0.66 0.00 0.66 1.31 237.40 107,908     100%
54 383.9 587,118 5.9 0.66 0.66 0.00 0.66 1.31 238.93 108,605     100%
56 383.6 633,023 6.3 0.66 0.66 0.00 0.66 1.31 240.36 109,257     100%
58 380.8 678,899 6.7 0.66 0.66 0.00 0.66 1.31 241.71 109,866     100%
60 375.6 724,442 7.1 0.66 0.66 0.00 0.66 1.31 242.96 110,435     100%
62 367.9 769,355 7.5 0.66 12.57 0.87 111.22 26.01 244.12 110,965     99%
64 358.0 810,385 7.9 0.66 37.19 38.13 114.71 112.51 245.13 111,424     89%
66 345.8 839,840 8.2 0.66 59.65 81.39 117.15 200.69 245.83 111,741     78%
68 331.6 857,255 8.3 0.66 74.48 111.58 118.56 260.55 246.23 111,923     71%
70 316.7 865,787 8.4 0.66 82.14 127.47 119.25 291.75 246.43 112,011     68%
72 302.1 868,785 8.4 0.66 84.89 133.22 119.49 302.99 246.49 112,042     67%
74 288.1 868,674 8.4 0.66 84.78 133.01 119.48 302.57 246.49 112,041     67%
76 274.7 866,933 8.4 0.66 83.18 129.66 119.34 296.03 246.45 112,023     68%
78 262.0 864,375 8.4 0.66 80.85 124.80 119.13 286.51 246.39 111,997     69%
80 249.8 861,433 8.4 0.66 78.20 119.28 118.90 275.68 246.33 111,967     70%
82 238.3 858,333 8.3 0.66 75.44 113.55 118.65 264.43 246.26 111,934     71%
84 227.2 855,194 8.3 0.66 72.67 107.85 118.40 253.19 246.18 111,902     72%
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86 216.7 852,078 8.3 0.66 69.96 102.29 118.14 242.21 246.11 111,869     73%
88 206.7 849,017 8.2 0.66 67.33 96.91 117.90 231.57 246.04 111,837     74%
90 197.1 846,027 8.2 0.66 64.79 91.76 117.65 221.35 245.97 111,806     75%
92 187.9 843,115 8.2 0.66 62.35 86.83 117.42 211.54 245.91 111,775     76%
94 179.2 840,285 8.2 0.66 60.01 82.12 117.19 202.15 245.84 111,745     78%
96 170.9 837,536 8.1 0.66 57.77 77.64 116.96 193.17 245.78 111,716     79%
98 163.0 834,867 8.1 0.66 55.61 73.36 116.74 184.59 245.71 111,688     80%

100 155.5 832,278 8.1 0.66 53.55 69.29 116.53 176.39 245.65 111,660     81%
102 148.3 829,766 8.1 0.66 51.57 65.42 116.32 168.56 245.59 111,634     82%
104 141.4 827,329 8.1 0.66 49.68 61.73 116.12 161.09 245.54 111,607     83%
106 134.8 824,965 8.0 0.66 47.87 58.21 115.93 153.95 245.48 111,582     83%
108 128.6 822,672 8.0 0.66 46.13 54.87 115.74 147.13 245.43 111,557     84%
110 122.6 820,447 8.0 0.66 44.46 51.70 115.55 140.62 245.37 111,533     85%
112 116.9 818,288 8.0 0.66 42.86 48.67 115.37 134.40 245.32 111,510     86%
114 111.5 816,193 8.0 0.66 41.33 45.80 115.20 128.46 245.27 111,487     87%
116 106.4 814,161 7.9 0.66 39.87 43.06 115.03 122.79 245.22 111,465     87%
118 101.4 812,189 7.9 0.66 38.46 40.46 114.86 117.38 245.18 111,444     88%
120 96.7 810,275 7.9 0.66 37.11 37.99 114.70 112.21 245.13 111,423     89%
122 92.2 808,417 7.9 0.66 35.82 35.64 114.55 107.27 245.09 111,402     89%
124 88.0 806,614 7.9 0.66 34.57 33.41 114.40 102.56 245.04 111,383     90%
126 83.9 804,864 7.9 0.66 33.38 31.29 114.25 98.06 245.00 111,363     91%
128 80.0 803,165 7.8 0.66 32.24 29.28 114.11 93.76 244.96 111,345     91%
130 76.3 801,515 7.8 0.66 31.14 27.36 113.97 89.65 244.92 111,326     92%
132 72.8 799,913 7.8 0.66 30.09 25.55 113.83 85.73 244.88 111,309     92%
134 69.4 798,357 7.8 0.66 29.08 23.83 113.70 81.99 244.84 111,292     93%
136 66.2 796,846 7.8 0.66 28.11 22.19 113.57 78.41 244.80 111,275     93%
138 63.1 795,378 7.8 0.66 27.18 20.64 113.45 75.00 244.77 111,258     94%
140 60.2 793,952 7.8 0.66 26.28 19.17 113.33 71.74 244.73 111,243     94%
142 57.4 792,567 7.7 0.66 25.42 17.77 113.21 68.62 244.70 111,227     94%
144 54.7 791,220 7.7 0.66 24.60 16.45 113.10 65.65 244.67 111,212     95%
146 52.2 789,911 7.7 0.66 23.80 15.20 112.99 62.81 244.63 111,197     95%
148 49.8 788,639 7.7 0.66 23.04 14.02 112.88 60.09 244.60 111,183     96%
150 47.5 787,401 7.7 0.66 22.30 12.90 112.77 57.50 244.57 111,169     96%
152 45.3 786,198 7.7 0.66 21.60 11.84 112.67 55.03 244.54 111,156     96%
154 43.2 785,027 7.7 0.66 20.92 10.83 112.57 52.67 244.51 111,143     96%
156 41.2 783,888 7.7 0.66 20.26 9.89 112.47 50.42 244.49 111,130     97%
158 39.3 782,780 7.7 0.66 19.63 9.00 112.38 48.26 244.46 111,117     97%
160 37.5 781,701 7.6 0.66 19.03 8.15 112.28 46.21 244.43 111,105     97%
162 35.7 780,650 7.6 0.66 18.44 7.36 112.19 44.25 244.41 111,093     97%
164 34.1 779,626 7.6 0.66 17.88 6.62 112.11 42.37 244.38 111,082     97%
166 32.5 778,629 7.6 0.66 17.34 5.91 112.02 40.59 244.35 111,070     98%
168 31.0 777,656 7.6 0.66 16.81 5.26 111.94 38.88 244.33 111,059     98%
170 29.5 776,708 7.6 0.66 16.31 4.64 111.85 37.25 244.31 111,049     98%
172 28.2 775,783 7.6 0.66 15.82 4.06 111.78 35.70 244.28 111,038     98%
174 26.9 774,879 7.6 0.66 15.35 3.53 111.70 34.22 244.26 111,028     98%
176 25.6 773,997 7.6 0.66 14.89 3.03 111.62 32.81 244.24 111,018     98%
178 24.4 773,135 7.6 0.66 14.45 2.56 111.55 31.46 244.22 111,008     98%
180 23.3 772,291 7.6 0.66 14.02 2.14 111.47 30.18 244.20 110,998     99%
182 22.2 771,466 7.6 0.66 13.61 1.74 111.40 28.96 244.18 110,989     99%
184 21.2 770,657 7.5 0.66 13.21 1.39 111.33 27.80 244.15 110,979     99%
186 20.2 769,864 7.5 0.66 12.82 1.06 111.26 26.70 244.13 110,970     99%
188 19.3 769,085 7.5 0.66 12.44 0.77 111.20 25.66 244.12 110,961     99%
190 18.4 768,320 7.5 0.66 12.07 0.52 111.13 24.67 244.10 110,953     99%
192 17.5 767,565 7.5 0.66 11.71 0.31 111.06 23.74 244.08 110,944     99%
194 16.7 766,820 7.5 0.66 11.36 0.14 111.00 22.87 244.06 110,935     99%
196 15.9 766,083 7.5 0.66 11.02 0.02 110.94 22.06 244.04 110,927     99%
198 15.2 765,348 7.5 0.66 10.68 0.00 110.87 21.36 244.02 110,918     99%
200 14.5 764,609 7.5 0.66 10.35 0.00 110.81 20.69 244.00 110,910     99%
202 13.8 763,866 7.5 0.66 10.01 0.00 110.74 20.02 243.98 110,901     99%
204 13.2 763,122 7.5 0.66 9.68 0.00 110.68 19.36 243.96 110,893     99%

SB 09.xlsx SB 100-yr HG (P2)
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NOAA Atlas 14, Volume 2, Version 3 
Location name: Sanford, North Carolina, US* 

Latitude: 35.5361°, Longitude: -79.1459° 
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* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES
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PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min
0.425

(0.388-0.468)

0.503
(0.459-0.553)

0.583
(0.532-0.642)

0.641
(0.583-0.704)

0.707
(0.640-0.776)

0.751
(0.678-0.824)

0.793
(0.711-0.869)

0.829
(0.740-0.909)

0.870
(0.769-0.953)

0.900
(0.790-0.987)

10-min
0.680

(0.620-0.747)

0.804
(0.733-0.885)

0.934
(0.852-1.03)

1.03
(0.933-1.13)

1.13
(1.02-1.24)

1.20
(1.08-1.31)

1.26
(1.13-1.38)

1.31
(1.17-1.44)

1.38
(1.22-1.51)

1.42
(1.24-1.56)

15-min
0.849

(0.775-0.934)

1.01
(0.922-1.11)

1.18
(1.08-1.30)

1.30
(1.18-1.42)

1.43
(1.29-1.57)

1.52
(1.37-1.66)

1.59
(1.43-1.75)

1.66
(1.48-1.82)

1.73
(1.53-1.90)

1.78
(1.56-1.95)

30-min
1.17

(1.06-1.28)

1.40
(1.27-1.54)

1.68
(1.53-1.85)

1.88
(1.71-2.06)

2.12
(1.91-2.32)

2.28
(2.06-2.50)

2.44
(2.19-2.67)

2.58
(2.30-2.83)

2.76
(2.44-3.02)

2.88
(2.53-3.16)

60-min
1.45

(1.33-1.60)

1.75
(1.60-1.93)

2.15
(1.96-2.37)

2.45
(2.23-2.69)

2.82
(2.55-3.09)

3.09
(2.79-3.39)

3.36
(3.01-3.68)

3.62
(3.23-3.97)

3.95
(3.50-4.33)

4.20
(3.69-4.61)

2-hr
1.71

(1.55-1.90)

2.07
(1.88-2.30)

2.58
(2.34-2.87)

2.96
(2.67-3.28)

3.45
(3.10-3.82)

3.83
(3.42-4.24)

4.20
(3.73-4.65)

4.58
(4.03-5.06)

5.06
(4.42-5.60)

5.44
(4.71-6.02)

3-hr
1.82

(1.65-2.02)

2.20
(2.00-2.45)

2.75
(2.50-3.05)

3.18
(2.87-3.52)

3.74
(3.36-4.14)

4.19
(3.74-4.63)

4.64
(4.11-5.13)

5.11
(4.49-5.64)

5.74
(4.99-6.35)

6.24
(5.36-6.90)

6-hr
2.17

(1.99-2.40)

2.63
(2.40-2.90)

3.29
(3.00-3.63)

3.81
(3.46-4.19)

4.51
(4.07-4.95)

5.07
(4.54-5.56)

5.64
(5.01-6.18)

6.23
(5.48-6.83)

7.05
(6.12-7.72)

7.70
(6.60-8.44)

12-hr
2.57

(2.35-2.84)

3.11
(2.84-3.44)

3.91
(3.56-4.32)

4.56
(4.13-5.02)

5.44
(4.89-5.98)

6.16
(5.49-6.75)

6.90
(6.10-7.56)

7.69
(6.72-8.41)

8.80
(7.56-9.62)

9.69
(8.21-10.6)

24-hr
3.00

(2.80-3.22)

3.62
(3.38-3.89)

4.55
(4.24-4.89)

5.28
(4.91-5.67)

6.28
(5.82-6.75)

7.07
(6.54-7.59)

7.88
(7.27-8.46)

8.72
(8.03-9.37)

9.88
(9.05-10.6)

10.8
(9.85-11.6)

2-day
3.49

(3.25-3.75)

4.20
(3.92-4.52)

5.25
(4.88-5.64)

6.07
(5.64-6.52)

7.18
(6.65-7.71)

8.06
(7.45-8.66)

8.97
(8.26-9.63)

9.90
(9.09-10.6)

11.2
(10.2-12.0)

12.2
(11.1-13.1)

3-day
3.70

(3.44-3.96)

4.45
(4.15-4.77)

5.52
(5.14-5.92)

6.36
(5.91-6.82)

7.52
(6.96-8.06)

8.44
(7.78-9.04)

9.37
(8.63-10.0)

10.3
(9.49-11.1)

11.7
(10.7-12.5)

12.7
(11.6-13.7)

4-day
3.90

(3.64-4.18)

4.69
(4.37-5.02)

5.79
(5.39-6.19)

6.66
(6.19-7.12)

7.86
(7.27-8.41)

8.81
(8.12-9.42)

9.78
(8.99-10.5)

10.8
(9.89-11.6)

12.2
(11.1-13.0)

13.2
(12.0-14.2)

7-day
4.49

(4.20-4.80)

5.36
(5.02-5.74)

6.54
(6.11-6.99)

7.47
(6.97-7.99)

8.76
(8.15-9.35)

9.78
(9.07-10.4)

10.8
(10.0-11.6)

11.9
(11.0-12.7)

13.4
(12.3-14.3)

14.5
(13.3-15.6)

10-day
5.12

(4.82-5.46)

6.10
(5.73-6.50)

7.34
(6.89-7.81)

8.31
(7.79-8.85)

9.62
(8.99-10.2)

10.6
(9.92-11.3)

11.7
(10.9-12.4)

12.7
(11.8-13.6)

14.2
(13.1-15.1)

15.3
(14.1-16.3)

20-day
6.89

(6.49-7.33)

8.14
(7.66-8.64)

9.62
(9.04-10.2)

10.8
(10.1-11.4)

12.4
(11.6-13.1)

13.6
(12.7-14.4)

14.8
(13.8-15.8)

16.1
(14.9-17.1)

17.8
(16.5-19.0)

19.1
(17.6-20.4)

30-day
8.57

(8.09-9.09)

10.1
(9.50-10.7)

11.7
(11.1-12.5)

13.0
(12.2-13.8)

14.7
(13.8-15.6)

16.0
(15.0-17.0)

17.3
(16.2-18.4)

18.5
(17.3-19.7)

20.3
(18.8-21.6)

21.6
(20.0-23.0)

45-day
10.9

(10.4-11.5)

12.8
(12.1-13.5)

14.6
(13.9-15.4)

16.0
(15.2-16.9)

17.9
(16.9-18.9)

19.3
(18.2-20.3)

20.6
(19.4-21.8)

22.0
(20.6-23.2)

23.7
(22.2-25.1)

25.1
(23.4-26.5)

60-day
13.0

(12.4-13.7)

15.2
(14.5-16.0)

17.2
(16.3-18.1)

18.8
(17.8-19.8)

20.8
(19.7-21.9)

22.3
(21.1-23.5)

23.7
(22.4-25.0)

25.1
(23.7-26.5)

26.9
(25.3-28.5)

28.3
(26.6-30.0)

1 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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Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55

Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------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%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 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 borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas
Newly graded areas

(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types

similar to those in table 2-2c).

1 Average runoff condition, and Ia = 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.
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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 Soil
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
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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.
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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 LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Lee County, North Carolina
Survey Area Data:  Version 11, Dec 16, 2013

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Feb 11, 2011—Apr 2,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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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
percent slopes, frequently
flooded

144.6 13.2%

CrB Creedmoor fine sandy loam, 2 to
8 percent slopes

101.3 9.3%

CrD Creedmoor fine sandy loam, 8 to
15 percent slopes

24.5 2.2%

MfB Mayodan fine sandy loam, 2 to 8
percent slopes

344.6 31.6%

MfD Mayodan fine sandy loam, 8 to
15 percent slopes

205.8 18.9%

MfE Mayodan fine sandy loam, 15 to
25 percent slopes

50.6 4.6%

PfB Pinkston silt loam, 2 to 8 percent
slopes

17.6 1.6%

PfD Pinkston silt loam, 8 to 15
percent slopes

76.9 7.0%

PfF Pinkston silt loam, 15 to 40
percent slopes

104.9 9.6%

ToB Tillery fine sandy loam, 1 to 4
percent slopes, rarely flooded

14.5 1.3%

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
major 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.
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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
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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.
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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: silt loam
Bw1 - 4 to 26 inches: silty clay loam
Bw2 - 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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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 - 72 to 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
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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 - 72 to 96 inches: weathered bedrock
R - 96 to 100 inches: unweathered bedrock

Custom Soil Resource Report

15



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

Custom Soil Resource Report

16



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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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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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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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
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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

Custom Soil Resource Report
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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

Custom Soil Resource Report
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Estimated Daily Ash Placement =  6,000                   tons per day

Operational days = 260                      days per year

Estimated Annual Ash Placement =  1,560,000           tons per year or  1,248,000     cys per year

Estimated Ash Density = 1.25                     tons per cy

Estimated Start of Filling = Aug‐15

Footprint (Ac)
 Ash Volume 

(cy)*

Estimated Time 

for Ash 

Placement (yr)

Estimated Start 

of Closure Date

Estimated 

Closure 

Completion 

Date**

Phase 1 38.1 2,250,000         1.80 May‐17 Nov‐18

Phase 2 51.2 3,363,800         2.70 Jan‐20 Jul‐21

Phase 3  29.4 1,636,000         1.31 May‐21 Nov‐22

*Ash volume assumes vertical boundaries between phases

**Assumes 18 months to close from date of last ash placement

Charah Colon Mine

Reclamation Timeline

Colon Reclamation Timeline.xlsx Colon
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August 8, 2014      
        
Mr. Clement Riddle  
Clearwater Environmental Consultants 
224 South Grove Street #F 
Hendersonville, North Carolina 28792 

RE:  Management Summary, Archaeological Survey at the Sanford Mine, Lee County, North 
Carolina 

 
Dear Mr. Riddle: 

TRC Environmental Corporation (TRC) has completed the archaeological survey at the Sanford Mine in 
Lee County, North Carolina. The field investigations were accomplished from July 17th through August 
7th, 2014, under the direction of Brooke Kenline. Paul Webb served as Principal Investigator.  

PROJECT DEFINITION 

The archaeological survey included a total of 5 parcels (PIN#s 9655-81-9374-00, 9655-62-2672-00, 9654-
68-2373-00, 9654-58-2312-00, and 9654-38-3247-00) totaling approximately 250 acres of potentially 
undisturbed land and situated east of Colon Road and north of both Brickyard and Post Office roads. The 
work included shovel test excavations and surface surveys in areas where 50% or more of the ground 
surface was visible. All shovel tests were described in terms of depth, stratigraphy, and artifact recovery, 
and the texture and Munsell soil color of representative soils were recorded. The location of all shovel 
tests and surface surveys were plotted on a project map. Standard procedures were followed when 
archaeological sites were located to gather data on site size, location, integrity, and cultural affiliation. 
These procedures include intensive surface inspection and/or the excavation of additional shovel tests at 
10-m to 15-m intervals within project boundaries. The location and limits of the site were recorded and a 
sketch map showing the location of all shovel tests was generated. The sites were photographed, general 
notes were taken concerning site location and condition, and GPS readings were taken. 

FIELDWORK RESULTS 

The survey fieldwork included the excavation of 594 shovel tests and the surface survey of approximately 
3,980 linear meters of dirt roads/logging trails with surface visibility greater than 50%. Twenty five of the 
excavated shovel tests produced prehistoric or historic period artifacts and eight surface collections were 
made.  

The survey identified a total of 12 archaeological sites, including seven low to moderate density 
prehistoric lithic artifact scatters on eroded upland landforms, one isolated prehistoric artifacts, three late 
19th to the late 20th century historic homesteads with low to moderate artifact densities, and one early to 
mid-20th century historic cemetery (Figure 1; Table 1). 
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FS# Component(s) Features NRHP Recommendation
 Excavated Prehistoric Historic Total

1 Prehistoric: Unknown Lithic Scatter 14 2 0 0 2 0 0 2 Not Eligible
2 Prehistoric: Unknown Lithic Scatter 9 1 0 0 1 0 0 1 Not Eligible

3 Prehistoric: Unknown Middle/Late Archaic 21 1 0 0 100 0 0 100 Not Eligible

4 Prehistoric: Unknown Lithic Scatter 22 6 0 0 12 0 0 12 Not Eligible
5 Prehistoric: Unknown Lithic Scatter 20 1 0 0 131 0 0 131 Not Eligible
6 Prehistoric: Unknown Lithic Scatter 14 1 0 0 3 0 0 3 Not Eligible
7 Prehistoric: Unknown Lithic Scatter 30 6 0 0 11 0 0 11 Not Eligible

8 Historic: Early 20th Century 25 0 5 3 0 0 13 13 Not Eligible
9 Historic: Late 19th- Mid 20th Century 15 0 1 1 0 0 3 3 Not Eligible
10 Prehistoric: Unknown Lithic Scatter 14 2 0 0 2 0 1 3 Not Eligible
11 Historic; Early-Mid 20th Century Cemetery 0 0 0 4+ 0 0 0 0 Not Eligible
12 Historic: Mid-Late 20th Century 0 0 0 0 0 0 0 0 Not Eligible

Shovel Tests Artifacts (including surface)
Lithics Ceramics Historic

Table 1. Archaeological Sites Identified by the Sanford Mine Phase I Survey.

 

No diagnostic artifacts were recovered from seven of the eight prehistoric sites (Field Sites 1, 2, 4, 5, 6, 7, 
and 10); the remaining site (Field Site 6) produced a rhyolite Savannah River projectile point and dates to 
the Middle to Late Archaic period (ca. 5000 to 1000 B.C.). No prehistoric ceramics were recovered and 
no features were identified at these sites. These eight sites lack integrity and the potential to provide 
meaningful information concerning the prehistory of the area, and are recommended not eligible for the 
National Register of Historic Places (National Register).  

Historic sites identified within the project area vary in regard to integrity, occupation periods, and 
function. Field Site 8 is an early 20th century farmstead with several features including a brick chimney 
fall, surface refuse accumulation, and a possible well. Subsurface artifact density at the site is low. Field 
Site 9 is a late 19thto mid-20th century farmstead site with a standing outbuilding with wood plank siding. 
This site appears to be part of the agricultural hub of the farmstead and straddles the project boundary at 
the southeastern border of parcel #9655-62-2672-00. Field Site 12 is a mid to late 20th century domestic 
site located on Colon Road. Although the remains of a brick chimney or structure are present, the site 
appears to be severely disturbed and lacks research potential. None of these three sites possess research 
potential, and all are recommended not eligible for the National Register. 

The final site (Field Site 11) is an early to mid-20th century cemetery associated with the early 20th 
century farmstead identified as Field Site 8. Although only one headstone and three metal markers were 
located during fieldwork, the cemetery is believed to contain at least eight to twelve burials due to the 
presence of rectangular depressions most likely associated with subsurface coffin collapse. The single 
headstone is marked “MCKINLEY JOHNSON/DELAWARE/PVT 811 PIONEER INF/AUGUST 31, 
1932.” Archival research has identified a 1932 application for this military headstone, indicated that Mr. 
Johnson was interred in Zion Hill Cemetery. This cemetery is currently not listed in the on-line Lee 
County cemetery survey (http://cemeterycensus.com/nc/lee/index.htm). This cemetery is not considered 
eligible for the National Register, but is protected by state statutes, as discussed below. 

SUMMARY 

The archaeological investigations at Sanford Mine have been completed in accordance with the project 
proposal, and have identified a total of 12 archaeological sites within the project area. Laboratory analysis 
and reporting are now in progress.  

All 12 of the sites are recommended not eligible for the National Register, and no additional 
archaeological investigations should be required prior to development of the property. The presumed Zion 
Hill Cemetery (Field Site 11) is protected by North Carolina state statutes, however, minimally including 
G.S. 14-148 (Defacing or desecrating grave sites), 14-149 (Desecrating, plowing over or covering up 
graves; desecrating human remains), and Chapter 70, Article 3 (The Unmarked Human Burial and 
Human Skeletal Remains Protection Act) (see attached). 



3 

As the cemetery likely contains both marked and unmarked graves, it is recommended that no ground-
disturbing activities be allowed within its boundaries, and that cemetery location and a surrounding 50-
foot buffer be marked in the field and shown on any pertinent property maps. In the event that any 
disturbances are planned within the buffer area, additional investigations are recommended to ensure that 
no graves are present in that area. In the event that the cemetery cannot be preserved in place, it should be 
removed in accordance with North Carolina statutes.  

Thank you for the opportunity to complete this work. Please do not hesitate to contact us at 919 530-8446 
or via email at bkenline@trcsolutions.com or pwebb@trcsolutions.com if you have any questions or 
would like any additional information prior to completion of the full report. 

Sincerely, 

 
 
Brooke Kenline 
Field Director 
 
  

 
 
Paul Webb 
Principal Investigator/Project Manager 
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APPENDIX A. SELECTED NORTH CAROLINA GENERAL STATUTES RELATING TO CEMETERIES 
 
§ 14-148.  Defacing or desecrating grave sites. 

(a)        It is unlawful to willfully: 
(1)        Throw, place or put any refuse, garbage or trash in or on any cemetery. 
(2)        Take away, disturb, vandalize, destroy or change the location of any stone, brick, iron or other 

material or fence enclosing a cemetery without authorization of law or consent of the 
surviving spouse or next of kin of the deceased. 

(3)        Take away, disturb, vandalize, destroy, or tamper with any shrubbery, flowers, plants or other 
articles planted or placed within any cemetery to designate where human remains are interred 
or to preserve and perpetuate the memory and name of any person, without authorization of 
law or the consent of the surviving spouse or next of kin. 

(b)        The provisions of this section shall not apply  to: 
(1)        Ordinary maintenance and care of a cemetery by the owner, caretaker, or other person acting to 

facilitate cemetery operations by keeping the cemetery free from accumulated debris or other 
signs of neglect. 

(2)        Conduct that is punishable under G.S. 14-149. 
(3)        A professional archaeologist as defined in G.S. 70-28(4) acting pursuant to the provisions of 

Article 3 of Chapter 70 of the General Statutes. 
(c)        Violation of this section is a Class I felony if the damage caused by the violation is one thousand dollars 

($1,000) or more. Any other violation of this section is a Class 1 misdemeanor. In passing sentence, the court shall 
consider the appropriateness of restitution or reparation as a condition of probation under G.S. 15A-1343(b)(9) as an 
alternative to actual imposition of a fine, jail term, or both. (1840, c. 6; R.C., c. 34, s. 102; Code, s. 1088; Rev., s. 
3680; C.S., s. 4320; 1969, c. 987; 1981, c. 752, s. 1; c. 853, s. 4; 1993, c. 539, s. 87; 1994, Ex. Sess., c. 24, s. 14(c); 
2007-122, s. 1.) 
  
§ 14-149.  Desecrating, plowing over or covering up graves; desecrating human remains. 

(a)        It is a Class I felony, without authorization of law or the consent of the surviving spouse or next of kin 
of the deceased, to knowingly and willfully: 

(1)        Open, disturb, destroy, remove, vandalize or desecrate any casket or other repository of any 
human remains, by any means including plowing under, tearing up, covering over or 
otherwise obliterating or removing any grave or any portion thereof. 

(2)        Take away, disturb, vandalize, destroy, tamper with, or deface any tombstone, headstone, 
monument, grave marker, grave ornamentation, or grave artifacts erected or placed within any 
cemetery to designate the place where human remains are interred or to preserve and 
perpetuate the memory and the name of any person. This subdivision shall not apply to the 
ordinary maintenance and care of a cemetery. 

(3)        Repealed by Session Laws 2007-122, s. 2, effective December 1, 2007, and applicable to 
offenses committed on or after that date. 

(a1)      It is a Class H felony, without authorization of law or the consent of the surviving spouse or next of kin 
of the deceased, to knowingly and willfully disturb, destroy, remove, vandalize, or desecrate any human remains that 
have been interred in a cemetery. 

(b)        The provisions of this section shall not apply to a professional archaeologist as defined in G.S. 70-28(4) 
acting pursuant to the provisions of Article 3 of Chapter 70 of the General Statutes. (1889, c. 130; Rev., s. 3681; 
1919, c. 218; C.S., s. 4321; 1981, c. 752, s. 2; c. 853, s. 5; 2007-122, s. 2.) 
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Chapter 65. 
Cemeteries. 

 
Article 12. 

Abandoned and Neglected Cemeteries. 
Part 1. General. 

§ 65-85.  Definitions. 
As used in this Article, the following terms mean: 

(1)        Abandoned. – Ceased from maintenance or use by the person with legal right to the real 
property with the intent of not again maintaining the real property in the foreseeable future. 

(2)        Cemetery. – A tract of land used for burial of multiple graves. 
(3)        Department. – The Department of Cultural Resources. 
(4)        Grave. – A place of burial for a single decedent. 
(5)        Neglected. – Left unattended or uncared for through carelessness or intention and lacking a 

caretaker. 
(6)        Public cemetery. – A cemetery for which there is no qualification to purchase, own, or come 

into possession of a grave in that cemetery. (2007-118, s. 1.) 
  

Part 3. Access to and Maintenance of Abandoned or Neglected Cemeteries. 
 
§ 65-101.  Entering public or private property to maintain or visit with consent. 

Any of the following persons, with the consent of the public or private landowner, may enter the property of 
another to discover, restore, maintain, or visit a grave or abandoned public cemetery: 

(1)        A descendant of the person whose remains are reasonably believed to be interred in the grave 
or abandoned public cemetery. 

(2)        A descendant's designee. 
(3)        Any other person who has a special personal interest in the grave or abandoned public 

cemetery. (1987, c. 686, s. 1; 1991, c. 36, s. 1; 2007-118, s. 1.) 
  
§ 65-102.  Entering public or private property to maintain or visit without consent. 

(a)        If the consent of the landowner cannot be obtained, any person listed in G.S. 65-101(1), (2), or (3) may 
commence a special proceeding by petitioning the clerk of superior court of the county in which the petitioner has 
reasonable grounds to believe the grave or abandoned public cemetery is located for an order allowing the petitioner 
to enter the property to discover, restore, maintain, or visit the grave or abandoned public cemetery. The petition 
shall be verified. The special proceeding shall be in accordance with the provisions of Articles 27A and 33 of 
Chapter 1 of the General Statutes. The clerk shall issue an order allowing the petitioner to enter the property if the 
clerk finds all of the following: 

(1)        There are reasonable grounds to believe that the grave or abandoned public cemetery is located 
on the property or it is reasonably necessary to enter or cross the landowner's property to 
reach the grave or abandoned public cemetery. 

(2)        The petitioner, or the petitioner's designee, is a descendant of the deceased, or the petitioner 
has a legitimate historical, genealogical, or governmental interest in the grave or abandoned 
public cemetery. 

(3)        The entry on the property would not unreasonably interfere with the enjoyment of the property 
by the landowner. 

(b)        The clerk's order may state one or more of the following: 
(1)        Specify the dates and the daylight hours that the petitioner may enter and remain on the 

property. 
(2)        Grant the petitioner the right to enter the landowner's property periodically, as specified in the 

order, after the time needed for initial restoration of the grave or abandoned public cemetery. 
(3)        Specify a reasonable route from which the petitioner may not deviate in all entries and exits 

from the property. (1987, c. 686, s. 1; 1991, c. 36, s. 1; 1999-216, s. 12; 2007-118, s. 1.) 
  



8 

Part 4. Removal of Graves. 
 
§ 65-106.  Removal of graves; who may disinter, move, and reinter; notice; certificate filed; reinterment 

expenses; due care required. 
(a)        The State of North Carolina and any of its agencies, public institutions, or political subdivisions, the 

United States of America or any agency thereof, any church, electric power or lighting company, or any person, 
firm, or corporation may effect the disinterment, removal, and reinterment of graves as follows: 

(1)        By the State of North Carolina or any of its agencies, public institutions, or political 
subdivisions, the United States of America or any agency thereof, when it shall determine and 
certify to the board of county commissioners in the county from which the bodies are to be 
disinterred that such removal is reasonably necessary to perform its governmental functions 
and the duties delegated to it by law. 

(2)        By any church authority in order to erect a new church, parish house, parsonage, or any other 
facility owned and operated exclusively by such church; in order to expand or enlarge an 
existing church facility; or better to care for and maintain graves not located in a regular 
cemetery for which such church has assumed responsibility of care and custody. 

(3)        By an electric power or lighting company when it owns land on which graves are located, and 
the land is to be used as a reservoir. 

(4)        By any person, firm, or corporation who owns land on which an abandoned cemetery is located 
after first securing the consent of the governing body of the municipality or county in which 
the abandoned cemetery is located. 

(b)        The party effecting the disinterment, removal, and reinterment of a grave containing a decedent's 
remains under the provisions of this Part shall, before disinterment, give 30 days' written notice of such intention to 
the next of kin of the decedent, if known or subject to being ascertained by reasonable search and inquiry, and shall 
cause notice of such disinterment, removal, and reinterment to be published at least once per week for four 
successive weeks in a newspaper of general circulation in the county where such grave is located, and the first 
publication shall be not less than 30 days before disinterment. Any remains disinterred and removed hereunder shall 
be reinterred in a suitable cemetery. 

(c)        The party removing or causing the removal of all such graves shall, within 30 days after completion of 
the removal and reinterment, file with the register of deeds of the county from which the graves were removed and 
with the register of deeds of the county in which reinterment is made, a written certificate of the removal facts. Such 
certificate shall contain the full name, if known or reasonably ascertainable, of each decedent whose grave is moved, 
a precise description of the site from which such grave was removed, a precise description of the site and specific 
location where the decedent's remains have been reinterred, the full and correct name of the party effecting the 
removal, and a brief description of the statutory basis or bases upon which such removal or reinterment was 
effected. If the full name of any decedent cannot reasonably be ascertained, the removing party shall set forth all 
additional reasonably ascertainable facts about the decedent including birth date, death date, and family name. 

The fee for recording instruments in general, as provided in G.S. 161-10(a)(1), for registering a certificate of 
removal facts shall be paid to the register of deeds of each county in which such certificate is filed for registration. 

(d)       All expenses of disinterment, removal, and acquisition of the new burial site and reinterment shall be 
borne by the party effecting such disinterment, removal, and reinterment, including the actual reasonable expense of 
one of the next of kin incurred in attending the same, not to exceed the sum of two hundred dollars ($200.00). 

(e)        The Office of Vital Records of North Carolina shall promulgate regulations affecting the registration 
and indexing of the written certificate of the removal facts, including the form of that certificate. 

(f)        The party effecting the disinterment, removal, and reinterment of a decedent's remains under the 
provisions of this Part shall ensure that the site in which reinterment is accomplished shall be of such suitable 
dimensions to accommodate the remains of that decedent only and that such site shall be reasonably accessible to all 
relatives of that decedent, provided that the remains may be reinterred in a common grave where written consent is 
obtained from the next of kin. If under the authority of this Part, disinterment, removal, and reinterment are effected 
by the State of North Carolina or any of its agencies, public institutions, or political subdivisions, the United States 
of America or any agency thereof, any electric power or lighting company, then such disinterment, removal, and 
reinterment shall be performed by a funeral director duly licensed as a "funeral director" or a "funeral service 
licensee" under the provisions of Article 13A of Chapter 90 of the General Statutes. 

(g)        All disinterment, removal, and reinterment under the provisions of this Part shall be made under the 
supervision and direction of the county board of commissioners or other appropriate official, including the local 
health director, appointed by such board for the county where the disinterment, removal, and reinterment take place. 
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If reinterment is effected in a county different from the county of disinterment with the consent of the next of kin of 
the deceased whose remains are disinterred, then the disinterment and removal shall be made under the supervision 
and direction of the county board of commissioners or other appropriate official, including the local health director, 
appointed by such board for the county of the disinterment, and the reinterment shall be made under the supervision 
and direction of the county board of commissioners or other appropriate official, including the local health director, 
appointed by such board for the county of reinterment. 

Due care shall be taken to do said work in a proper and decent manner, and, if necessary, to furnish suitable 
coffins or boxes for reinterring such remains. Due care shall also be taken to remove, protect, and replace all 
tombstones or other markers, so as to leave such tombstones or other markers in as good condition as that prior to 
disinterment. Provided that in cases where the remains are to be moved to a perpetual care cemetery or other 
cemetery where upright tombstones are not permitted, a suitable replacement marker shall be provided. 

(h)        Nothing contained in this Part shall be construed to grant or confer the power or authority of eminent 
domain, or to impair the right of the next of kin of a decedent to remove or cause the removal, at his or their 
expense, of the remains or grave of such decedent. (1919, c. 245; C.S., ss. 5030, 5030(a); Ex. Sess. 1920, c. 46; 
1927, c. 23, s. 1; c. 175, s. 1; 1937, c. 3; 1947, cc. 168, 576; 1961, c. 457; 1963, c. 915, s. 1; 1965, c. 71; 1971, c. 
797, s. 1; 1977, c. 311, s. 1; 2001-390, s. 3; 2007-118, s. 1.) 

 
Chapter 70.  

Indian Antiquities, Archaeological Resources and Unmarked Human Skeletal Remains Protection.  
  

Article 3.  
Unmarked Human Burial and Human Skeletal Remains Protection Act.  

§ 70-26.  Short title. 
This Article shall be known as "The Unmarked Human Burial and Human Skeletal Remains Protection Act." 

(1981, c. 853, s. 2.) 
  
§ 70-27.  Findings and purpose. 

(a)        The General Assembly finds that: 
(1)        Unmarked human burials and human skeletal remains are subject to vandalism and inadvertent 

destruction at an ever-increasing rate; 
(2)        Existing State laws do not provide adequate protection to prevent damage to and destruction of 

these remains; 
(3)        There is a great deal of scientific information to be gained from the proper excavation, study 

and analysis of human skeletal remains recovered from such burials; and 
(4)        There has been no procedure for descendants or other interested individuals to make known 

their concerns regarding disposition of these remains. 
(b)        The purpose of this Article is (i) to provide adequate protection from vandalism for unmarked human 

burials and human skeletal remains, (ii) to provide adequate protection for unmarked human burials and human 
skeletal remains not within the jurisdiction of the medical examiner pursuant to G.S. 130A-383 that are encountered 
during archaeological excavation, construction, or other ground disturbing activities, found anywhere within the 
State except on federal land, and (iii) to provide for adequate skeletal analysis of remains removed or excavated 
from unmarked human burials if the analysis would result in valuable scientific information. (1981, c. 853, s. 2; 
2007-484, s. 11(a).) 
  
§ 70-28.  Definitions. 

As used in this Article: 
(1)        "State Archaeologist" means the head of the Office of State Archaeology section of the Office 

of Archives and History, Department of Cultural Resources. 
(2)        "Executive Director" means the Executive Director of the North Carolina Commission of 

Indian Affairs. 
(3)        "Human skeletal remains" or "remains" means any part of the body of a deceased human being 

in any stage of decomposition. 
(4)        "Professional archaeologist" means a person having (i) a postgraduate degree in archaeology, 

anthropology, history, or another related field with a specialization in archaeology, (ii) a 
minimum of one year's experience in conducting basic archaeological field research, 
including the excavation and removal of human skeletal remains, and (iii) designed and 
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executed an archaeological study and presented the written results and interpretations of such 
study. 

(5)        "Skeletal analyst" means any person having (i) a postgraduate degree in a field involving the 
study of the human skeleton such as skeletal biology, forensic osteology or other relevant 
aspects of physical anthropology or medicine, (ii) a minimum of one year's experience in 
conducting laboratory reconstruction and analysis of skeletal remains, including the 
differentiation of the physical characteristics denoting cultural or biological affinity, and (iii) 
designed and executed a skeletal analysis, and presented the written results and interpretations 
of such analysis. 

(6)        "Unmarked human burial" means any interment of human skeletal remains for which there 
exists no grave marker or any other historical documentation providing information as to the 
identity of the deceased. (1981, c. 853, s. 2; 2002-159, s. 35(a); 2007-484, s. 10(a).) 

  
§ 70-29.  Discovery of remains and notification of authorities. 

(a)        Any person knowing or having reasonable grounds to believe that unmarked human burials or human 
skeletal remains are being disturbed, destroyed, defaced, mutilated, removed, or exposed, shall notify immediately 
the medical examiner of the county in which the remains are encountered. 

(b)        If the unmarked human burials or human skeletal remains are encountered as a result of construction or 
agricultural activities, disturbance of the remains shall cease immediately and shall not resume without authorization 
from either the county medical examiner or the State Archaeologist, under the provisions of G.S. 70-30(c) or 
70-30(d). 

(c)       (1)        If the unmarked human burials or human skeletal remains are encountered by a professional 
archaeologist, as a result of survey or test excavations, the remains may be excavated and 
other activities may resume after notification, by telephone or registered letter, is provided to 
the State Archaeologist. The treatment, analysis and disposition of the remains shall come 
under the provisions of G.S. 70-34 and 70-35. 

(2)        If a professional archaeologist directing long-term (research designed to continue for one or 
more field seasons of four or more weeks' duration) systematic archaeological research 
sponsored by any accredited college or university in North Carolina, as a part of his research, 
recovers Native American skeletal remains, he may be exempted from the provisions of G.S. 
70-30, 70-31, 70-32, 70-33, 70-34 and 70-35(c) of this Article so long as he: 
a.         Notifies the Executive Director within five working days of the initial discovery of 

Native American skeletal remains; 
b.         Reports to the Executive Director, at agreed upon intervals, the status of the project; 
c.         Curates the skeletal remains prior to ultimate disposition; and 
d.         Conducts no destructive skeletal analysis without the express permission of the 

Executive Director. 
Upon completion of the project fieldwork, the professional archaeologist, in consultation with 
the skeletal analyst and the Executive Director, shall determine the schedule for the 
completion of the skeletal analysis. In the event of a disagreement, the time for completion of 
the skeletal analysis shall not exceed four years. The Executive Director shall have authority 
concerning the ultimate disposition of the Native American skeletal remains after analysis is 
completed in accordance with G.S. 70-35(a) and 70-36(b) and (c). 

(d)       The State Archaeologist shall notify the Chief, Medical Examiner Section, Division of Health Services, 
Department of Health and Human Services, of any reported human skeletal remains discovered by a professional 
archaeologist. (1981, c. 853, s. 2; 1997-443, s. 11A.118(a); 2007-484, s. 10(b).) 
  
§ 70-30.  Jurisdiction over remains. 

(a)        Subsequent to notification of the discovery of an unmarked human burial or human skeletal remains, the 
medical examiner of the county in which the remains were encountered shall determine as soon as possible whether 
the remains are subject to the provisions of G.S. 130A-383. 

(b)        If the county medical examiner determines that the remains are subject to the provisions of G.S. 
130A-383, the county medical examiner will immediately proceed with the investigation. 

(c)        If the county medical examiner determines that the remains are not subject to the provisions of G.S. 
130A-383, the county medical examiner shall so notify the Chief Medical Examiner. The Chief Medical Examiner 
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shall notify the State Archaeologist of the discovery of the human skeletal remains and the findings of the county 
medical examiner. The State Archaeologist shall immediately take charge of the remains. 

(d)       Subsequent to taking charge of the human skeletal remains, the State Archaeologist shall have 48 hours 
to make arrangements with the landowner for the protection or removal of the unmarked human burial or human 
skeletal remains. The State Archaeologist shall have no authority over the remains at the end of the 48-hour period 
and may not prohibit the resumption of the construction or agricultural activities without the permission of the 
landowner. (1981, c. 853, s. 2; 2007-484, ss. 10(c), 11(b).) 
  
§ 70-31.  Archaeological investigation of human skeletal remains. 

(a)        If an agreement is reached with the landowner for the excavation of the human skeletal remains, the 
State Archaeologist shall either designate a member of his staff or authorize another professional archaeologist to 
excavate or supervise the excavation. 

(b)        The professional archaeologist excavating human skeletal remains shall report to the State 
Archaeologist, either in writing or by telephone, his opinion on the cultural and biological characteristics of the 
remains. This report shall be transmitted as soon as possible after the commencement of excavation, but no later 
than two full business days after the removal of a burial. 

(c)        The State Archaeologist, in consultation with the professional archaeologist excavating the remains, 
shall determine where the remains shall be held subsequent to excavation, pending other arrangements according to 
G.S. 70-32 or 70-33. 

(d)       The Department of Cultural Resources may obtain administrative inspection warrants pursuant to the 
provisions of Chapter 15, Article 4A of the General Statutes to enforce the provisions of this Article, provided that 
prior to the requesting of the administrative warrant, the Department shall contact the affected landowners and 
request their consent for access to their land for the purpose of gathering such information. If consent is not granted, 
the Department shall give reasonable notice of the time, place and before whom the administrative warrant will be 
requested so that the owner or owners may have an opportunity to be heard. (1981, c. 853, s. 2; 2007-484, s. 10(d).) 
  
§ 70-32.  Consultation with the Native American Community. 

(a)        If the professional archaeologist determines that the human skeletal remains are Native American, the 
State Archaeologist shall immediately notify the Executive Director of the North Carolina Commission of Indian 
Affairs. The Executive Director shall notify and consult with the Eastern Band of Cherokee or other appropriate 
tribal group or community. 

(b)        Within four weeks of the notification, the Executive Director shall communicate in writing to the State 
Archaeologist, the concerns of the Commission of Indian Affairs and an appropriate tribal group or community with 
regard to the treatment and ultimate disposition of the Native American skeletal remains. 

(c)        Within 90 days of receipt of the concerns of the Commission of Indian Affairs, the State Archaeologist 
and the Executive Director, with the approval of the principal tribal official of an appropriate tribe, shall prepare a 
written agreement concerning the treatment and ultimate disposition of the Native American skeletal remains. The 
written agreement shall include the following: 

(1)        Designation of a qualified skeletal analyst to work on the skeletal remains; 
(2)        The type of analysis and the specific period of time to be provided for analysis of the skeletal 

remains; 
(3)        The timetable for written progress reports and the final report concerning the skeletal analysis 

to be provided to the State Archaeologist and the Executive Director by the skeletal analyst; 
and 

(4)        A plan for the ultimate disposition of the Native American remains subsequent to the 
completion of adequate skeletal analysis. 

If no agreement is reached within 90 days, the Archaeological Advisory Committee shall determine the terms of 
the agreement. (1981, c. 853, s. 2; 2007-484, s. 10(e).) 
  
§ 70-33.  Consultation with other individuals. 

(a)        If the professional archaeologist determines that the human skeletal remains are other than Native 
American, the State Archaeologist shall publish notice that excavation of the remains has occurred, at least once per 
week for four successive weeks in a newspaper of general circulation in the county where the burials or skeletal 
remains were situated, in an effort to determine the identity or next of kin or both of the deceased. 
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(b)        If the next of kin are located, within 90 days the State Archaeologist in consultation with the next of kin 
shall prepare a written agreement concerning the treatment and ultimate disposition of the skeletal remains. The 
written agreement shall include: 

(1)        Designation of a qualified skeletal analyst to work on the skeletal remains; 
(2)        The type of analysis and the specific period of time to be provided for analysis of the skeletal 

remains; 
(3)        The timetable for written progress reports and the final report concerning the skeletal analysis 

to be provided to the State Archaeologist and the next of kin by the skeletal analyst; and 
(4)        A plan for the ultimate disposition of the skeletal remains subsequent to the completion of 

adequate skeletal analysis. 
If no agreement is reached, the remains shall be handled according to the wishes of the next of kin. (1981, c. 

853, s. 2; 2007-484, s. 10(f).) 
  
§ 70-34.  Skeletal analysis. 

(a)        Skeletal analysis conducted under the provisions of this Article shall only be accomplished by persons 
having those qualifications expressed in G.S. 70-28(5). 

(b)        Prior to the execution of the written agreements outlined in G.S. 70-32(c) and 70-33(b), the State 
Archaeologist shall consult with both the professional archaeologist and the skeletal analyst investigating the 
remains. 

(c)        The professional archaeologist and the skeletal analyst shall submit a proposal to the State 
Archaeologist within the 90-day period set forth in G.S. 70-32(c) and 70-33(b), including: 

(1)        Methodology and techniques to be utilized; 
(2)        Research objectives; 
(3)        Proposed time schedule for completion of the analysis; and 
(4)        Proposed time intervals for written progress reports and the final report to be submitted. 

(d)       If the terms of the written agreement are not substantially met, the Executive Director or the next of kin, 
after consultation with the State Archaeologist, may take possession of the skeletal remains. In such case, the State 
Archaeologist may ensure that appropriate skeletal analysis is conducted by another qualified skeletal analyst prior 
to ultimate disposition of the skeletal remains. (1981, c. 853, s. 2; 2007-484, s. 10(g).) 
  
§ 70-35.  Disposition of human skeletal remains. 

(a)        If the skeletal remains are Native American, the Executive Director, after consultation with an 
appropriate tribal group or community, shall determine the ultimate disposition of the remains after the analysis. 

(b)        If the skeletal remains are other than Native American and the next of kin have been identified, the next 
of kin shall have authority concerning the ultimate disposition of the remains after the analysis. 

(c)        If the State Archaeologist has received no information or communication concerning the identity or next 
of kin of the deceased, the skeletal remains shall be transferred to the State Archaeologist and permanently curated 
according to standard museum procedures after adequate skeletal analysis. (1981, c. 853, s. 2; 2007-484, s. 10(h).) 
  
§ 70-36.  Financial responsibility. 

(a)        The provisions of this Article shall not require that the owner of the land on which the unmarked human 
burials or human skeletal remains are found, bear the cost of excavation, removal, analysis or disposition. 

(b)        If a determination is made by the Executive Director, in consultation with an appropriate tribal group or 
community, that Native American skeletal remains shall be reinterred following the completion of skeletal analysis, 
an appropriate tribal group or community may provide a suitable burial location. If it elects not to do so, it shall be 
the responsibility of the North Carolina Commission of Indian Affairs to provide a suitable burial location. 

(c)        The expense of transportation of Native American remains to the reburial location shall be borne by the 
party conducting the excavation and removal of the skeletal remains. The reburial ceremony may be provided by an 
appropriate tribal group or community. If it elects not to do so, the reburial ceremony shall be the responsibility of 
the Commission of Indian Affairs. (1981, c. 853, s. 2.) 
  
§ 70-37.  Prohibited acts. 

(a)        No person, unless acting under the provisions of G.S. 130-198 through G.S. 130-201, shall: 
(1)        Knowingly acquire any human skeletal remains removed from unmarked burials in North 

Carolina after October 1, 1981, except in accordance with the provisions of this Article; 
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(2)        Knowingly exhibit or sell any human skeletal remains acquired from unmarked burials in 
North Carolina; or 

(3)        Knowingly retain human skeletal remains acquired from unmarked burials in North Carolina 
after October 1, 1981, for scientific analysis beyond a period of time provided for such 
analysis pursuant to the provisions of G.S. 70-32, 70-33 and 70-34, with the exception of 
those skeletal remains curated under the provisions of G.S. 70-35. 

(b)        Other provisions of criminal law concerning vandalism of unmarked human burials or human skeletal 
remains may be found in G.S. 14-149. (1981, c. 853, s. 2.) 
  
§ 70-40.  Penalties. 

(a)        Violation of the provisions of G.S. 70-29 is a Class 1 misdemeanor. 
(b)        Violation of the provisions of G.S. 70-37(a) is a Class H felony. (1981, c. 853, s. 2; 1993, c. 539, s. 543; 

1994, Ex. Sess., c. 24, s. 14(c).) 
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