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Summary 

The primary purpose of the tailing cell erosion cover is to protect the tailing cell 
cover from erosion by runoff of precipitation and by wind. Of these two, runoff 
presents the greater hazard.  As suggested in NUREG-1620 (USNRC, 2003), the 
tailing cell erosion cover is designed to withstand the Probable Maximum Flood 
(PMF) resulting from the Probable Maximum Precipitation (PMP).  The methods 
used for determining the PMF, top and side slope cover design, and tailing cell 
toe protection follow guidelines suggested by the Nuclear Regulatory 
Commission in NUREG-1623, Design of Erosion Protection for Long-Term 
Stabilization (USNRC, 2002).  The following discusses the basic approach, 
methodology, and key parameters used in the tailing cell cover erosion design.  
Full calculations (Kleinfelder document DEN8R197, December 9, 2008) are 
included following this summary.

PMP and PMF Calculations 

The PMP was calculated using procedures outlined in Hydrometeorological
Report No. 49 (HMR 49).  Each tailing cell has an approximate footprint of 0.05 
square miles so no areal reduction was applied to the rainfall depth calculation.  
A 6-hr Local Storm depth was calculated and applied to the appropriate HMR-49 
storm distribution.  The maximum 1-hour rainfall depth increment for the 6-hr 
Local Storm distribution was determined to be 7.6 inches.

NOAA Atlas 2 Volume III (Miller et al., 1973) was followed to create an intensity-
duration curve for tailing cell drainages shown below in Table 1.

Table 1 
Intensity-Duration Values for Piñon Ridge Mill Site, Montrose County, 

Colorado

Duration (min)1 = 0 5 10 15 30 60 
Intensity (in/hr) = 26.4 26.4 20.5 17.3 12.0 7.6 

11Miller et al, 1973

The times of concentration for the tailing cell drainages were calculated using 
Kirpich’s method, Equation (1) (Barfield et al., 1981)  
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where Tc is time of concentration in minutes, L is the maximum length of flow in 
feet, and S is the slope of the drainage in feet/foot.
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The Rational Method (Barfield et al., 1981) was used to calculate the PMF for 
each drainage on the tailing cell configuration.  Based on the magnitude of the 
design event and anticipated soil and vegetation conditions, a conservative runoff 
coefficient value of 0.8 was chosen.  A flow concentration factor of 3.0 was 
selected for top and side slope cover designs to account for concentrated sheet 
flow conditions.  The Rational Method is given below in Equation (2)  

FCiAQ �           (2) 

where Q is the maximum discharge in cubic feet per second (cfs), F is a flow 
concentration factor (only used for sheet flow conditions), C is a runoff 
coefficient, i is rainfall intensity in inches/hour, and A is the drainage area in 
acres.

A unit discharge rate was used in designing the top and side covers while a 
conventional peak discharge for a given area was calculated for the riprap 
channel rundowns. 

Top and Side Slope Covers 

PMF unit discharges were used in the Safety Factor method (Barfield et al., 
1981) to determine an appropriate rock size for the tailing cell top cover.  The 
Maximum Permissible Velocity (MPV) method (Chow, 1959) was used to design 
a stable vegetated soil/rock mulch cover.  PMF unit discharges were also used in 
the Stephenson Method to design a rock cover for the steeper tailing cell 
outslopes.  The Safety Factors method was used for slopes less than 10% while 
the Stephenson Method was used for slopes of 10% or greater (NUREG-1623, 
2002).

The Safety Factors method is given in Equation (3)
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where SFb is the safety factor, � is the slope angle in degrees, � is the materials 
friction angle in degrees, �b is a stability parameter, � is applied tractive force in 
psf, �c is the critical tractive force in psf, � is the specific weight of water in pcf, 
SG is the specific gravity of the cover material, d is flow depth in feet, S is 
longitudinal slope in feet/foot, and D50 is the representative material size in feet. 
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A safety factor of 1.0 indicates the moment of incipient motion for a 
representative cover particle; therefore, a safety factor of 1.1 was used in the 
design to maintain stable conditions (i.e. no particle movement). 

The MPV method was used to design a stable vegetated top cover with an 
approximate slope of 2%. Assuming a cover composed of a grass mixture, a 2% 
average slope, and easily erodible soils an MPV of 4.0 fps was chosen from 
Table 7-6 in Chow’s Open Channel Hydraulics (Chow, 1959).  PMF unit 
discharges were used with Manning’s equation to determine maximum expected 
flow depths and velocities.  In compliance with recommendations outlined in 
NUREG-1623, a correction factor was applied to the MPV to accurately represent 
sheet flow conditions and reduced it to 2.0 fps.  A low vegetal retardance factor 
was chosen to represent a fair stand with average grass lengths of two to six 
inches on the tailing cell covers.  A Manning’s n value was subsequently 
computed using Chow’s experimental curves.  An iterative approach was taken 
until a maximum expected PMF velocity was determined.  If the expected MPV 
was less than the permissible MPV of 2.0 fps, the design was considered 
acceptable. 

The Stephenson Method was used to design a rock cover for the tailing cell side 
slopes.  The Stephenson Method is given in Equation (4)  
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where D50 is the representative particle size in feet, q is maximum unit discharge 
in cfs/ft, � is the slope angle in degrees, � is the material friction angle in 
degrees, np is the cover material porosity, C is the Stephenson coefficient, g is 
the acceleration of gravity in ft/s2, and SG is the specific gravity of the cover 
material.

Drainage Features 

The overall erosion cover was designed to minimize concentrating flow in 
channels that require large sizes of riprap.  This was done to minimize costs, 
future maintenance efforts, and to reduce areas of high volume, high velocity 
flows.  However, runoff will unavoidably be concentrated in the grading 
intersections between Tailing Cells A and B and Cells B and C.  Runoff collected 
in these areas will be directed to riprap lined channels flowing down the groin 
area between the tailing cells.  The channels are designed to route the PMF 
away from the tailing cells, eventually discharging into natural drainages at the 
site.  Riprap for the rundown channels was designed using experimental curves 
developed by Bathurst (1979) published in the Surface Mining Water Diversion 
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Design Manual (1982).  It is important to note that the areas receiving 
concentrated flow are constructed over natural fill embankments and not tailings.   

Erosion protection at the toe of the tailing cells was designed using the Abt et al. 
(1998) method, Equation (5)

� � 56.043.0
50 46.10 df qCSD ����     (5)

where D50 is the representative particle size in feet, S is the longitudinal slope in 
feet/foot, Cf is the flow concentration factor, and qd is the maximum unit 
discharge in cfs/ft. 

All rock material used for the erosion cover will meet the criteria for durability 
outlined in NUREG-1623, Appendix D. 

The tailing cell configuration is generally located on northward sloping terrain with 
several natural drainages (arroyos) directing flow away from the centerline of the 
cells toward the northwest and northeast ends of the site.  The natural drainage 
network and overall slope of the site help to direct runoff away from the tailing 
cells, protecting them from long-term erosion.  A riprap-lined diversion berm, 
designed for the PMF, will be constructed south of Tailing Cell A to redirect runoff 
from the tailing cell area to natural drainages that will eventually flow offsite.  The 
design of the diversion berm will be consistent with the methods used for the 
riprap rundown channels. 
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