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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 1l (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 Pifion Ridge Mill Site, Montrose County,
Colorado
Duration (min)* = 0 5 10 15 30 60
Intensity (in/hr) = 264 264 [205 |173 |120 |76

HMiller et al, 1973

The times of concentration for the tailing cell drainages were calculated using
Kirpich’s method, Equation (1) (Barfield et al., 1981)

where T. 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.



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)

Q =FCiA (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 SFy, is the safety factor, 0 is the slope angle in degrees, ¢ is the materials
friction angle in degrees, np, is a stability parameter, T is applied tractive force in
psf, T¢ is the critical tractive force in psf, y 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 Ds is the representative material size in feet.



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)

2
q(tan(e))% Np & (4)

Dso =
Cg % [ Np )SG - 1)cos(8)(tan(g) — tan(e))]%

where Dy 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, n, is the cover material porosity, C is the Stephenson coefficient, g is
the acceleration of gravity in ft/s?>, 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



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)

Do =10.46x S%43 % (C; x g )*° (5)

where Dsg is the representative particle size in feet, S is the longitudinal slope in
feet/foot, C; is the flow concentration factor, and qq 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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Drainage Pitea Ru&g£ MW Site Teiling Coll Area ©.09 miz (ka)
Latitude 38° |g' N Longitude jo@*Y¢'w Mindmum Elevation $4e% ft (m)

Loudast tailing call elevationy
Steps correspond to those in sec. 6.3A.

1, Average l-hr 1--mi2 (2.6-1cm2) PHP for - 8.3 in, (mm)
drainage [fig. 4.5].

2, a. Reduction for elevationm. [No-adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. 43,5 %
b. Multiply step 1 by step 2a. @. | in, (wm)
3. Average 6/l-hr ratio for drainage [fig. 4.7]. 1.2

Duration (hr)
176 1/2 3/4 1 2 3 4 5 6

4, Duratiocnal variation
for 6/1-hr ratio of _
step 3 [table 4.4]. FY4_ %4 4% jeo o ng 18 119 120

]

5. 1-mi® (2.6=km®) PMP for
indicated durations
[step 2b X step 4]. 6.0 1L FF BI 8.1 ﬁgj_éj_g_jj: in., (mm)

[fig. 4.9].

6. Areal reduction ‘““hhﬁaazim_,,/”‘"“~
/ ——

7. Areal reduced PMP
[steps 5 X 61. No Chavnge * in. (mm)

&, Incremental PMP |

[successive subtraction
in atep 7]. 2.l 6804 6.36.0 0. in, (m)

60 .1 6.5 6 } 15-min. increments

g, Time sequence of incre-
mental PMP according to:

Hourly increments
[table 4,7]. 6.1 6.6¢.1 0.8 0.3 0.0 in. (mm)

Four largest 15~-min.
increments [table 4.8]. 60 1L o5 04 1in, (um)
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498  APPLIED HYDROLOGY

 The runoff coefficient is also dependent on the character and condition of,

Sot_The infiliration rate decreases as rainfall continues, and is_alse-friuciced
by the antesedent moisture condition of the soil. Other_faetots influencing (he:
runoff coefficienT-ase_rainfall intensity, proximity-of the water table, depree of
soil compaction, porosity ofthg subsojlvegetation, ground slope, and depressiof
storage. A reasonable coefficisntTiust e chosen to represent the integrated cffccty
of all these factors—StEgested coefficients~for various surface types as used i
Austin, Texas are given in Table 15.1.1.

e

TABLE 15.1.1
Runoff coefficients for use in the rational method

Return Period (years)

Character of surface 10 25 50

Developed
Asphaltic 0.73 0.77 0.81 0.86
Concrete/roof 0.75 0.80 0.83 0.88
Grass areas (lawns, parks, etc.)
Foor condition (grass cover less than 50% of the area)

Flat, 0-2% 0.32 0.34 0.37 0.40
Average, 2-T% 0.37 0.40 0.43 0.46
Steep, over 7% 0.40 0.43 0.45 0.49
Fair condirion (grass cover on 50% to 75% of-the area)
Flat, 0-2% 0.25 0.28 0.30 0.34
Average, 2-T% 0.33 0.36 0.38 0.42
Steep, over 1% 0.37 0.40 0.42 0.46
Good condition (grass cover larger than 75% of the area)

Flat, 0-2% 0.21 0.23 0.25 0.29
Average, 2-7% 0.29 0.32 0.35 0.39
Steep, over 7% 0.34 0.37 0.40 0.44

Undeveloped
Cultivated Land
Flat, 0-2% 0.34 0.36 0.40 0.43 0.57
Average, 2-7% 0.38 0.41 0.44 0.48 0.60
Steep, over 7% 0.42 0.44 0.48 0.51 0.54 0.61
Pasture/Range
Flat, 0=2%. .. 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2.1 0.33 0.36 0.38 0.42 0.45 0.49 0.58
teep, over 1% 0.37 0.40 0.42 0.46 0.49 0.53 0.60
ForesvWoodlands

Flat, 0-2% 0.22 0.25 0.28 0.31 0.35 0.39 0.48
Average, 2-7% 0.31 0.34 0.36 0.40 0.43 0.47 0.56
Steep, over 7% 0.35 0.39 0.41 0.45 0.48 0.52 0.58

Note: The values in the table are the standards used by the City of_.ﬂ(uslin, Texas. Used with permission.

1 Cwow, VT, Masdean®, D, Mays Ly Applied Bylrslogy 1988
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7,

Pive & Crdge 'Pe—o:‘e,,o.‘,t |
Vegetaded Rock Malelt Sleliity 2o
gazdlF-T W(i3|oB

Solve for stable slope, using the Horton/NRC equation. If the computed slope js
different from that assumed, return to Step 2 with new values of slope and/or $jope

length.

2.2.2 Vegetated Soil Cover T

Maximbqm permissible velocities (MPVs) should be estimated using‘data developed by
;1 Conservation Service (SCS, 1984); or by Nelson 4l.,'1986). Based on
imurm MPVs should generally range from abguf 2¥2 to 3% fuper second
for any vegetationother than dense grasses. ‘These velocitie¢ need to be further reduced,

Determine siope and slop Jength.

Determine flow concentration k). See St€p 3 in Section 2.2.1, above for additional

information.

ing “gprocedures recommended by Chow (1959,
jg. 7.14).

Estimate Manning’s "n" value
Table 7.6) for very low vege retardance

Determine rainfall integSi g procedures discussed in Step 5 in
Section 2.2.1.

Determine theflow depth (¥) by solving the Manning Equgtion for normal depth on 2
one-foot-wide swip. This equationcanbe solved directly in thigcase using the following
derivatipn:

y3? = Qu/ (1486 S, (A-3)

Determine the permissible velocity for the slope, based on the computed depth of flow.
Chow has developed correction factors that may be applied to determine the petissible
velocity. The permissible velocity is multiplied by the following correction c{ors,
depending on the depth of flow, " o T T e

o

e Depth of Flow (ft) Coriection Factot \

NeL, 2001,

3.0 or greater 1.0 \

1.9 09

1.0 0.8

0.65 0.7

04 0.6

0.25 or less 0.5 e

. \\‘-_‘_“ - f“"’
T e — *”‘"'/W‘ . g——
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96 DESIGN OF SMALL DAMS

Table 5-1.—Average engineering properties of compacted soils. From the Western United States. Last updated October 6, 1082,

Compaction Bhear strength
USCSs Lehoratory Index Avg. placement
soil . . : .
. R Maximum u unit . Effective
type  Specific gravity gy i VR strens
No. 4 No. 4 weight, content, Mazx,, Min., weight,  content, ¢ #,
minue  plus In/ft? % Ib/R* b/t lb/a? % Ib/in*  degrees Values listed
2.69 2.58 124.2 114 133.8 108.8 — —_ — —_ Average of all values
0.02 0.08 3.2 1.2 104 10.2 — — — — Standard deviation
GwW 2.65 2.39 119.1 9.9 113.0 83.5 — — — - Minimum value
‘y 2.75 2,67 127.5 13.3 145.6 13249 — — — — Maximum value
?r' 16 9 5 16 (] Total number of testa
CS}? O'QQ‘:\‘*O': 2.68 2.57 1217 11.2 137.2 112.5 1276 8.5 5.8 Average of all values
. o \\ﬂ/ 0.03 0.07 59 2.2 6.3 83 72 1.2 — N Standard devintion
$ W GP 2.61 2.42 149 9.1 118.3 85.9 1174 5.3 59 38.0 Minimum value
Q‘){ * - 2.76 2.65 1277 17.7 148.8 123.7 133¢ 8.0 5.9 43.7 Maximum value
) (DPY;“ 35 12 15 34 3 Total number of tests
2.73 243 113.3 15.8 1320 108.0 126.9 10.3 13.4 34.0 Average of ail values
0.07 0.18 11.5 5.8 31 0.2 0.9 1.2 3.7 2.6 Standard deviation
GM 2.65 219 87.0 58 128.8 107.8 125.0 9.1 8.7 314 Minimum value
292 2.92 133.0 29.5 135.1 108.1 126.9 116 170 36.5 Maximum value
34 17 36 . 2 2 Total number of tests
2.73 2,57 116.6 139 — — 111.1 16.9 10.2 2756 Average of all values
0.08 0.21 7.8 38 e — 104 1.6 1.5 7.2 Stenderd deviation
GC 2.67 2,38 96.0 6.0 — — 96.8 11.2 5.0 17.7 Minimum value
an 2.94 129.0 23.6 — - 120.9 22.2 16.0 35.0 Maximum value
34 6 37 0 3 Total number of tests
2.67 2.57 126.1 8.1 125.0 99.5 — — — — Average of all values
0.03 0.03 6.0 1.7 6.0 71 — - — — Standard deviation
5w 2.61 2.61 118.1 7.4 116.7 87.4 — — — — Minimum value
2.72 2.59 135.0 11.2 137.8 109.8 - — — —_ Maximum value
13 2 1 12 0 Total number of tests
2.65 2.62 115.6 10.8 115.1 93.4 103.4 5.4 8.5 374 Average of all values
0.03 0.10 9.7 2.0 12 88 14,6 — 3.0 2.0 Standard deviation
SP 2.60 2.52 106.5 78 105.9 78.2 88.8 54 2.5 354 Minimum value
2. 2.75 134.8 13.4 1373 1224 118.1 5.4 8.4 39.4 Maximum value
36 3 7 39 2 Total number of tests
2.68 2.18 116.6 12.6 110.1 849 1120 12.7 6.6 318 Average of all values
0.06 0.11 8.9 3d 8.7 79 111 b.4 5.6 5.7 Standard deviation
SM 2,51 2.24 928 6.8 88.5 61.6 91.1 1.6 0.2 233 Minimum value
.11 2.63 132.6 25.5 122.9 97.1 132.5 25.0 212 45.0 Maximum value
149 9 123 21 17 Total number of iests
2.69 2.17 118.9 12.4 — — 115.6 14.2 5.0 Jas Average of all values
0.04 0.18 59 2.3 — — 14.1 5.7 2.5 2.9 Standard deviation
5C 2.56 217 104.3 6.7 — — 81,1 15 0.7 28.4 Minimum value
2.81 2.59 131.7 18.2 — — 131.8 227 85 38.3 Maximum value
83 4 i) 0 10 Total number of tests
2,69 - 103.3 19.7 - — 98.9 221 3.8 34.0 Average of ali values
0.09 — 10.4 6.7 — — 11.5 6.9 4.3 3.1 Standard deviation
ML 2.52 - 81.6 10.6 — — 80.7 1.1 0.l 252 Minimum value
310 - 126.0 346 — — 119.3 40.3 i1.9 317 Maximum value
65 0 39 0 14 Total number of tests
2,71 2.59 109.3 16.7 - — 106.56 1.7 10.3 261 Average of all values
0.05 0.13 5.5 2.9 — — 18 5.1 16 7.0 Standerd deviation
CL 2.56 242 90.0 6.4 — — B5.6 11.6 0.9 8.0 Minimum value
2.87 2.75 121.4 29.2 — — 118.7 35.0 23.8 H8 Maximum value
270 3 221 0 31 Total number of tests
2.79 - 85.1 338 — — — — — — Average of all values
0.25 — 2.3 1.6 — — — — — — Standard deviation
MH 2.47 — 829 31.6 — - — — — -— Minimum value
3.50 — 89.0 b5 — - — — — — Maximum value

10 0 5 0 0 Total number of tests

"
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DESIGN OF CHANNELS FOR UNIFORM FLOW 1856

the hydraulic design of a
first stage (A) is to design

ABLE 7-6. PERMIssiBLE VELoCITIES FOR CHANNELS LINED wiTH GRAss®

Permissible velocity, fps
Cover Slope range, ) = -
% Erosion-resistant | Easily eroded
soils soils
Bermuda grass 0-5 8 6
5-10 7 5
>10 6 4
Buffalo grass, Kentucky bluegrass, 0-5 7 5
smooth brome, blue grama 5-10 6 4
>10 5 3
Grass mixture 0-5 _..b - 4 ‘/
5-10 ' 4 3
Do not use on slopes steeper than 10%
Lespedeza sericea, weeping love 0-5 3.5 l 2.5
grass, ischaemum (yellow blue- | Do not use on slopes steeper than 5%, except for
stem), kudzu, alfalfa, crabgrass side slopes in a combination channel
Annuals—used on mild slopes or as 0-5 3.5 1 2.5
temporary protection until per- | Use on slopes steeper than 5% is not recom-
manent covers are established, | mended
common lespedeza, Sudan grass

Remarks. The values apply to average, uniform stands of each type of cover.
Use velocities exceeding 5 fps only where good covers and proper maintenance can be
obtained.

* [71.8. Soil Conservation Service [41].

Lo_review the design for maximum capacity, that is, tiﬂile/mawine
capacity

ning, the common lespedeza
ength 4.5 in.) is used for the

of moderate—vegetal retardance (green, uncut, average Iemgth 11 in.)
he used. Iinally, a proper freeboard is added to the computed
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TABLE 5-6. VALUES oF THE ROUGHNESS CoEFFICIENT n (coniinued)

Type of channel and description Minimum | Normal | Maximum

b. Mountain streams, no vegetation in
channel, banks usually steep, trees
and brush along banks submerged at
high stages
1. Bottom: gravels, cobbles, and few 0.030 0.040 0.050

boulders
2. Bottom: cobbles with large boulders 0.040 0.050 0.070

D-2, Flood plains
a. Pasture, no brush

1. Short grass 0.025 0 0.035

2. High grass 0.030 ﬁ%ﬁ 0.050
b. Cultivated areas '

1. No crop 0.020 0.030 0.040

2. Mature row crops 0.025 0.035 0.045

3. Mature field crops 0.030 0.040 0.050
¢. Brush

1. Bcattered brush, heavy weeds 0.035 0.050 0.070

2. Light brush and trees, in winter 0.035 0.050 0.060

3. Light brush and trees, in summer 0.040 0.060 0.080

4. Medium to dense brush, in winter 0.045 0.070 0.110

5. Medium to dense brush, in summer 0.070 0.100 0.160
d. Trees

1. Dense willows, summer, straight 0.110 0.150 0.200

2. Cleared land with tree stumps, no 0.030 0.040 0.050

sprouts

3. Same as above, but with heavy 0.050 0.060 0.080

growth of sprouts

4. Heavy stand of timber, a few down 0.080 0.100 0.120

trees, little undergrowth, flood stage

below branches

5. Same as above, but with flood stage | 0.100 0.120 0.160
reaching branches

D-3. Major streans (top width at flood stage

>100 ft). The = value is less than that

for minor streams of similar deseription,

because banks offer less effective resistance.

a. Regular section with no boulders or 0.025 | ..... 0.060
brush ’
b. Irregular and rough section 0.035 | ..... 0.100

j
‘
!
!
!
8
§

Crows VT, ©pan Cranant Hydraubles, MG BN, 1459




Attachment 1
11/13/2008
Pifion Ridge Project
Tailing Cell Closure Cover Erosion Design Parameters and Equations




Cell Eresion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations
Pifion Ridge Project
Montrose County, Colorado

Attachment 1
“ Table 1 |Vegetated Soil Top Cover Rock Mulch (Safety Factor Method)
: Calc, No. Drainage Section Length | Width | Slope n Te i c F q d sG SA FA T Te £418 SFy, | Dso
{ft} (ft) (fUt) - {min) { {inshr) - - |(efshty[ () - rad) | {red) | (psf) | (psf) - - (in}
1 Rock Mulch (All Scil Top Cover Areas) 345 1 002 |0045] 32 [ 282 | 0.8 3.0 0.5 0.3 | 265 | 002 [ 072 | 0.37 | 040 | 0.93 1.1 1.0
Tabie 2 |Side Slope Toe Protection Rock Cover (Abt et al. Method)
Calc. No. Drainage Section Length | Width | Slope Tc i C F q Dsq
{ft) {ft) () [ (min) | (infhn) {cfeit) | {im}
2.0 |Side Slope Toe Protection {Tailing Cell C) 713 1 0.10 3.9 28.2 0.8 3.0 1.1 7.6
2.1 1Side Slope Toe Protection (Tailing Cell B) 6089 1 0.10 3.8 28.2 0.8 3.0 0.9 6.8
22 |Side Slope Toe Protection (Tailing Cell A) 559 1 0.10 3.5 28.2 0.8 3.0 0.¢ 6.8
Table 3 |Vegetated Soil Top Cover (Maximum Permissible Velocity Method)
Calc. No. Drainage Section iength | Slope | Te c i F q d v I MPV | MPVers Flow Reduction Factor
(ft) (ft/t) { (min) — | {in‘hr) - [fcfsitty | (i) (fps) -- {fes) | {fps) d RF
3 Vegetated Soil Slope (Al Soit Top Cover Areas) 345 0.02 3.2 0.8 28.2 3.0 0.5 0.3 1.7 | 0.045 | 4.0 2.0 {ft)
0.00 | 05
025 | 05
040 | 0.8
065 { 07
1.00 | 0.8
Table 4 |Side Slope Rock Cover (Stephenson Method)
Calc. No. Drainage Section Length | Width | Slope n Te i o] F q d v Cs Np SG SA FA Dso
{ft) {ft) (fi/ft) — {mir) | (infhr) - - |ttty { () {fps) - - - (rad) | (rad) [ (in)
4 |Rock Cover A1 103 1 010 | 005 | 38 | 282 | 0.8 3.0 0.7 0.2 33 | 022 |1 039 | 265 | 010 | 072 | 16
5  |Rock Cover A2 203 1 010 | 005 | 43 | 282 | 0.8 3.0 0.8 0.2 36 | 022 | 039 | 265 | 010 | 072 § 1.8
6  |Rock Cover A3 80 1 010 | 005 | 36 | 28.2 | 0.8 3.0 0.6 0.2 3.1 022 {039 | 265 | 010 | 072 | 14
7 |Rock Cover A4 214 1 010 | 005 | 43 | 282 | 0.8 3.0 0.8 0.2 36 | 0221 039 | 265 | 010 | 072 | 1.8
8 |Rock Cover B1 117 1 010 | 005 | 39 | 282 | 08 3.0 0.7 0.2 32 | 022 )| 039 | 265 | 010 | 072 | 16
9 |Rock Cover B2 217 1 010 | 005 | 44 | 282 | 08 3.0 0.8 0.2 37 f 022 | 039 | 265 ] 010 | 072 1 18
10 |Rock Cover B3 31 1 010 | 005 | 34 1 282 08 3.0 0.6 0.2 3.1 022 | 039 | 265 J 010 [ 072 { 14
11 |Rock Cover B4 264 1 010 | 005 | 46 {1 282 | 08 3.0 0.9 0.3 36 {022 | 039 [ 265 | 010 | 072 | 1.9
12 |Rock Cover C1 356 1 010 [ 005 { 48 | 282 | 0.8 3.0 1.1 0.3 3.9 1 022 ) 039 | 265 | 010 | 072 | 21
13 |Rock Cover C2 350 1 010 | 005 1 49 | 282 | 0.8 3.0 1.0 0.3 39 | 022 | 039 [ 265 | 010 | 072 | 21
14 |Rock Cover C3 32 1 010 | 005 ] 34 | 282 08 3.0 06 0.2 3.1 022 | 039 | 265 | 010 ) 072 [ 14
15 |Rock Cover C4 368 1 010 | oos | 50 | 282 | 0.8 3.0 1.1 0.3 40 | 022 | 039 | 285 [ 010 ] @72 | 2.2

Table 5 |intersection Channel Riprap {Mining Water Diversion Manual Experimental Curves)

Calc. No. Drainage Section Length | Area | Slope Tc i C F Q
(ft) (ac) (tuft) | (min) | (infhi) - bt {efs)
16 (Cell A and B Intersection Rundown 1478 | 29.46 | 0.01 111 | 21.8 [ 08 1.0 258

17 Cell B and C Intersection Rundown 1560 | 30.29 | 0.01 11.6 21.9 0.8 1.0 265

Drainage Sections correspond to Drawing C2 in "Kleinfelder, Pinon Ridge Project: Tailing Cell Cover and Site Grading Drainage Plans. December 12th, 2008."
Safety Factor Methed used on slopes less than 10%

Stephenson Method used on slopes 10% and greater

Abt et al. Method used for embankment toe riprap sizing

Final Runoff and Erosion for Tailings Cells.xls



Tailing Cell Closure Cover Erosion Design Parameters and Equations

Cell Erosion Summary

Pifon Ridge Project
Montrose County, Colorado

Attachment 1
SymbolTerm Definition
Length, L Length of longest flow path in catchments
Width, W Unit width of flow control secticn
Slope, S Slope of local flow path
Serr Effective Slope
n Manning's roughness
Te Time of concentration
i Rainfall intensity
C Runcfi coefficient
F Flow concentration factor
[+] Unit flow rate
Q Flow rate
d Flow depth
v Flow velocity
8G Specific gravity of rock material
SA Slope angle
FA Friction angle of rock material
Cs Stephenson factor
i, Cover material porosity
T Actual tractive force
Te Critical tractive force
1S Stability parameter
SFy, Safety factor
Dsg Particle size such that 50% of material by weight is smaller
RF Reduction Factor
MPV Maximum Permissible Velocity
MPVgrr Reduced Maximum Permissible Velocity
PMP Probable Maximum Precipitation
PMF Probable Maximum Flood
HMR Hydrometeorological Report

Final Runoff and Erosion for Tailings Cells.xls



Attachment 2
12/12/08
Pifion Ridge Project
Tailing Cells Closure Grading Plan, Drawing C2




20

sheets

BMpRIseys aunso|) 2021 1288 \M\ . . .
: - O 0vLZ'vI6'E0E "Hd CAYHOTOD 'ALNNOD ISOHINOW
82208 OO 'POOMINET LOAPCH DA NONId

009 3UNS “pAlg UoIUrY b

15

1211208
NO SCALE

1

REDUCED FLANS
0

NVId ONIGVHD FdNSO0TI
STIII ONITIVL

05
1 of 7

DESIGNED BY: JAG

CALE:

s .'
. S
L]

: DRIGINAL SGALE 4 LHCHES FOR
;
.

1 [orewiNG

LS

o=

e e Bt i R ot S ir s e | -1
3 e e

550

T

EOTE T S

~ i
o : ,
OOt OO0 oorke— o0+2f 0049 |
: T : - " <™ ;

mLm “1133 @Zvﬁd&.

i o i dﬁwﬁwl_wmr

I.qifall!I'leAl!JiE;

NS =oEIo uw(.mm.uNn_Nll.mQ.ﬂ-

T T,
].....(z:%? R

ﬁ_ _
: e .ﬂﬁnm@ %%eﬁ iéﬁéﬁﬂ.w o :

b S R P
] i m 00-PgL oo+w— DO.T«.— _QOL.Q_. O0+51 Oo.tv_. O:BM_. ZuOArN_. DOL.:. koo.fo_. 00+6 Oo+w /' D0+
L q W ” ,
e ?L. B e ]

e |
N

iy
0,

T E L
Pl e e s e

J:u!;i!!?..

—_— e e ——

wopof] _.Eﬁm 'B00Z 200 21 OEALONd




N CALCULATION COVER SHEET
: KLE/NFELDEE’

Bright People. Right Solutions.

Date: \[\3 o8 Page | of ¥

Project No.: B9 2H4| Project Title:  Pilow. RPide e Pro,eet
dJd ¥

Calculation No.: A3~

Calculation Title: <ide $§g:rn.. Racle. Cove~ Desty A
A\

Design Verification Required: [TYes [“No

Calculation Type: [ | Scoping [ Preliminary [#Final []Voided
[ ] Superseded by Calculation No.:

ORIGINAL AND REVISED CALCULATIONS/ANALYSIS APPROVAL

Rev. _© Rev. Rev.
Printed Printed Printed
Name/Signature/Date | Name/Signature/Date Name/Signature/Date
Originator: TS il fos
' Truue Wukiha,

Bruce Coatis
Checked By: | A . ;:,@;f‘!&' AV

Approved By:

Other:
AFFECTED DOCUMENTS
Document . Rev. Responsible Project
Number Document Title No. Manager Initials
ULALROBWPG®@L  [Taling tall Ussure Degign. Regorts] (@ A
DENBRWV T PiRon P_i_d%g_@&wt Draivage Codes, @ M
RECORD OF REVISION
Rev. Reason for Revision
O o riws.‘we,& Fesue
ATTACHMENTS
Attachmen Title Total
t No. Pages
1 -IZ(\I\.(f.’ L %MM*& e =
Do radaclers and Eqpuednoas
L Tailivg (oM Covar st Stle (veadivg Drninage
PKQ.\AA ﬂ«*awm [y |

Quality Procedure Form RMR-QP-6.1.2, Rev. 0




Sheet l of:"’

N
KLEINFELDER
v Bright Pecple. Right Solutions.
PROJECT_PiRow. bidee. MM Dosrew.  PROJECT NO.___ D42M .
SUBJECT %ide S bpa Porle. Consar BY_ZAY paTe [ Bfow
B8eMT "R ReviEweD BY_ P AL DATE 1/ 2@/e7t

ObjeuQue..: M ASO o ypetle ¢ipe_ A2 8se ‘ﬁa Pm(_“,{-
4m‘\~'u~3 ce aw{-slo(\.,& feom.. PMF elenits,

C)\M'o S\
—_— YOk T IOﬂ-*r\V: .
 Leng¥ ® H3 &k (?-e,tl.'l., ¢7)

—-o fnimo &€ Coobfdicamt (RebW)

= 0.8
F: 3.0 - Flow  letrrtbondbre Facler [Rv@.’:)
(e=011 ™ Sleghvnon Facker (-M__.g,)

Us® 2LS Squertre Comabyy ot Qucle Mebrnnd (el 7.)
FA® 0FLRd—> Frcton At o & Rece Matercd (Rt 3)

I“he PMP B 0w =Y (Y_ch(/ Cule Ao, ?;;ClZ«‘-fl-?"’l)

Assum pbonsz,

\) {‘LP £0.239 B ol auve— Bovos f&\( (V,&.Z)
?_) hee To maremntn ok €, 01§, 30,a4d Comin. (2£.®)
¥ Refer o Atdomanment 1, py.l for doFivienm of
VALARYS

P et .
Lalwlabrnss  Uor (ale. No. 1S, Adachwank &, bs vercly
sprendsheat Lalculabionsy,

Use \L\\r(ﬁ‘u\f\- stw%ﬁn«-« o dafernanvel 'T:_’ l-eMSDaug evial
orans bltan B Lebl, LT,

©.FF
S . L3 e
L™ O-OO"I'%( o'lopq%o”f)f 2,0 mane £% 0.0 M%

Tolzh Te Mmidudes s € Con 2% Veg. soil % lopa s,
(Cote No- @224 F-2)

Use Saun Te.

A T ofF T.0Omin Covvegpemds b ane | o % 28.21’4/[«(
Lo VdenQldar Calee No. §924.%7-21.

ENG-07 REV 05/08



2N Sheet 3 of q’

KLEINFELDER

Bright Peaple. Right Solutions,
\\‘-_—7

PROJECT&M&%&D&&%&; PROJECTNO. & 924]

SUBJECTS rde Slopa. Rescle Cover  BY.  7H. DATE 1 /18/08
dartl,F -3 REVIEWED BY__ [oA¢ pATE ! 2%
De.}ee««rw»w— AT \P-‘-cv("—r %\J U 1\/\§ P-dv-.{,—nwt;.( Mefl gd:
4,2 FC‘:‘A' - -=3.
- (3.9)0o .a‘;g'z'a.zmlu.-)(?&a;) = L\ ebs /et C,': .8
U3 4560 | = 'LB,LW\[\N/
L="F+36C

RIS SN MeludeS runc e Howe Ve . Soil Sone
T v (Cale. No 2a7240.3-2) E e

Determine. Deg of rocdl cover By Sleplergen Ew-g'ff-m-'.
203 = 11 oks JEE
__{ vikunto\)%m% A !

6= ©NO (ud

| Si3
¢ 5'1':(\-“@)(5@- t) c,as(m)({w Ly‘)—-&. A@))] (\ . 'aé’ﬁ':.s_md |
? - 1

ek, G 46 % 1.6
( ’ ) ‘ 5 :32.&16‘&]57'
CBE.O'?'L
Dso *» Purlicls Sita in @

I

Ve
(l.\e@l&)(%(ono})HL(a.’S()

Vgo = ™ . s |z olBét,
(032 24fg) [(\- o .?Fn(z.cs-\)ﬁos(o.wﬁ@n(o.ﬂ) -bufo -tm))]

Do = O1BFE (1Linfke) = 2.2in,

R&SQH‘JS:
Ree. Adachment 4 Tk‘@\&"\,&a( complehe Regolix

ENG-07 REV 05/08



7N\ . Sheet L\ of +

KLEINFELDER

v right People. Right Solutions.

PROJECTLM&A{,L_&MQ_ PROJECT NO.__ DA L4

SUBJECTS ihe Slope Bock. Covo  BY ALK DATE (113 fo8
BI2HL.3+-3 reviewep sy A& & pate W2l /08

B ' o ! \ ‘ _ |

Re.-ﬁvare,wm.s : f \ |

|
...... | 1

\) K\ow(qlw p)\/\ﬂvl\. ' c\»ae.. Pnjadr,'l'i.(mj el Cover aﬁg& S ite.
CDT&A»\US Brc«u\uﬁe. Plans, Dee., Iz, anoa.

’L) K\e\deieku- Lol hubrown No. B2, ‘-f- Solemrer 2008 Pilon
P_&% Clesuva. Covanr G ealecnticel . ond by dvolooeg ' 'Pmloe.rHes

Ren. O E\u—q F—wi& Ec.gouvu_ Cef‘pww{s-tm Piow Qilge
Urond uma MM\ Pm)et_*: "

’a) BGFLM cb-a(i Apel el Hydro(e:sy anct  Sed Wﬁ-ulcsf)\f 15:/«-
Dﬂ#&rbez& Avreos, '“l%\‘

H)C)u\,, VLT Mcu&m‘cb Mm/s,L A-Pp\aub F\ydmbasL( Mc_csmm Hau (98],

_';;’S)MS Nuduar @zﬁu\a,‘rwy C,emml?.s\“onl NUARLEG~ 1613 D.vm-&vg o€

| E"-‘-‘S‘M p"b(‘u"?““"\ QH-LG%-:) reaf"m S\-u\mh-aed:um A'uju.&i: 200711

0) Tailiugs ond Mive, Wasbe 1448, P@M% of S
J:Nwmuem\ Cﬁ\‘v(ex-mw.. Cobudo Shude Univarsity, 1148,

,1}-) WS, Bu\m o-(’-v ?e_dqw,(:{vv\ Be;aq*:)u. o & Smatl Duvws Water
Rasontun Publicntion, 1440.

8) Nokk Atlas 2, Vol T, Pru,z\o\ﬁ{-xm breopuw-u, Aoy for
Wegdern United Slufeg. Si tlver Spving, Md. 1473, '

ENG-07 REV 05/08



P L N

' e infiltration rate decreases as rainfall continues, and is also influene
by the an t moisture condition of the soil. Other factors.iafitiencing th
runoff coefficient ar€ rainfall mtensny, proximity of the-Water table, degrec 0

soil compaction, porosity of the Subsei etation, ground slope, and depressiol
storage. A reasonable coefficient s Ssento represent the integrated effect
% ‘g of all these factors. Suggested coefficients for variousTstriace types as used i
939 Austin, Texas-aré€ given in Table 15.1.1.
e
4
A )é TABLE 15.1.1
o O Runoff coefficients for use in the rational method uli3je
1
“A i“{‘ Return Period (years)
& ‘Q It il
ﬁ ‘S g Character of surface 2 5 10 25 50 100 500
3
A 3 g Developed
Asphaltic 0.73 0.7 0.81 0.86 0.90 0.95 1.00
Concrete/roof 0.75 0.80 0.83 0.88 0.92 0.97 1.00

Grass areas (lawns, parks, etc.)
Poor condition (grass cover less than 50% of the area)

Flat, 0-2% 0.32 0.34 0.37 0.40 0.44 0.47 0.58
Average, 2-7% 0.37 0.40 0.43 0.46 0.49 0.53 0.61
Steep, over 7% 0.40 0.43 045 049 0.52 0.55 0.62

Fair condition (grass cover on 50% to 75% of the area)

Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33 0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 0.40 0:42 0.46 0.49 0.53 0.60

Good condition (grass cover larger than 75% of the area)

Flat, 0-2% 0.21 0.23 0.25 0.29 032 036 049
Average, 2-7% 0.29 0.32 0.35 0.39 042 046  0.56.
Steep, over 7% 0.34 0.37 0.40 0.44 0.47 0.51 0.58

Undeveloped

Cultivated Land
Flat, 0-2% 0.31 0.34 0.36 0.40 0.43 0.47 0.57.
Average, 2-7% 0.35 0.38 0.41 0.44 0.48 0.51 0.60
Steep, over 7% 0.39 0.42 0.44 0.48 0.51 0.54 0.61

Pasture/Range
Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33  0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 040 - 042 0.46 0.49 0.53 0.60

Forest’'Woodlands _
Flat, 0-2% 0.22 0.25 0.28 0.31 0.35 0.39 0.48
Average, 2-7% 0.31 0.34 0.36 0.40 0.43 0.47 0.56
Steep, over 7% 0.35 0.39 0.41 0.45 0.48 0.52 0.58

Note: The values in the table are the standards used by the City of Austin, Texas. Used with permission.

Chvous. V., Merdwmint, D, Mangs, b, A-W\\QA AYA”"\E’S Y, Melovens - HN, 1988
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4,2 Pile sidde stope rock armor sising using Stephenson'’s Methaod

For tho steoper eimbankment stopes, the Steghanion Method {Stephenson, 19793 developed for
flow over and thraugh rock il on steep glope wis applivd. The stone size §s computed from the

foltowing equation:

&3

! q(an)
Ce It~ n, NG, ~ 1) cosﬂ(mn ¢ - ton Hj}”‘

where g is the flaw rate per enit width determined from the rational methud, ng is the rovk Gl
les o 027 for

porosity, € is oo empirical coufficient ranging fromy 0.22 (or gravel and peb

412

¢roshed grandte, g is the acceleration of graviry, Gy I e refative rock density, & iy the angle of
dope from horizonmi, nod ¢ is the angle of repose of rock.

A3 Pilg sitke slope rock armor siability in response ra PME flows in the Coforaio River

In mddition to overtasd flow conditions, the rock semor on the eastera side slope of the 1aylings
pile was evaluated Tor stability sgaingt die shear forces resalting from several flood evenis in
the Colorada River pwaging fram 48.9060 1. 100,000 (NRC PMF value) cubie feet per second
{cls). Shear steass equatmu% developed by the USACE (1971) were foliowed 0 compure the
boundary stresses given the myticipated velocities from the various {lood events. Velocities
wsed to obtain the averzge boundiery shenr Siresses were abtained from HEC-Y mtyses on the
Culorado River performed by Mussetter Enginecring, Ine, (MEL 1894). Depih of Aow fbry the
JHLO00 eybie feer per svcond cvent was ostivtated a1 gpproxisately 30% of e way up the
resiimed wilings pile embanknient. The USACE shear stress equations are discussed in tyore
deti] below.

5 TAILINGS PILL COLLECTION DITCHES AND DRAINAGE CHANNELS

As shiowa on Fieore 1, theee collection ditehes were designed o colleet wager from the wop of

W3 jog

.Pwu.a.AN@ ot S8 Ll derwakional (ol




Pacw Q?d%q, pmi et : q_l.:t_

Qe Slope Qo Covar ‘
a3 -3 hsjes
96 DESIGN OF SMALL DAMS -

Thble 5-1,—Average engineering properties of compacted soils. From the Western United States. Last updated October 6, 1982.

Compaction Shear strength
USCS Laboratory Index Avg. placement
sail . . i ;
. . Maximum Optimum unit ja- Effective
type  Specific gravity unit rrf;?ature __weight  _ ymjt ]ﬁl:l:' —_ stress
N_o. 4 No. 4 weight, content, Max., Min., weight,  conlent, ¢ #,
minug  plus ]h/_ft“ % /e Ib/a? 1b/ft3 % lb/in?  degrees Values listed
2.69 2.68 124.2 114 133.6 108.8 —_ —_ — — Average of all values
0.02 0.08 3.2 1.2 10.4 10.2 -_ —_ — e Standard deviation
\ﬁw 2.65 2,30 118.1 99 - 1130 88.5 C— — — — Minimum value
. 276 2,867 - 1275 13.3 1456 1329 — - —_ — Mazximum value
ﬂqt‘"\k 16. 9 5 16 0 Total number of Lests
oﬁg‘ v 268 267 1217 1.2 Wz 1126 1216 65 59 Average of all values
~\ © 003 007 59 2.2 63 83 12 12— 5 Standard deviation
‘ao‘ \PJ GP 261 242 1049 8.1 118.3 854 1174 6.3 59 380 Minimum value
2,78 2.65 127.7 1.7 148.8 123.7 133.9 8.0 5.9 43.7 Maximum value
o+ 85 12 15 34 3 Total number of teats
‘\Ffr\ 2.73 2.43 113.3 16.8 132.0 108.0 125.9 10.3 13.4 34.0 Average of all values
0.07 0.18 1.5 58 al 0.2 0.9 1.2 37 2.6  Standard deviation
GM 265 219 87.0 5.8 128.9 1078 125.0 9.1 9.7 1.4 Minimum value
292 292 133.0 20.5 136.1 108.1 1269 11.5 170 366  Maximum value
3 17 36 2 2 Total number of tests
2,78 2.67 116.6 1389 -—_ — 1111 16.8 10.2 276 Average of all values
0.08 0.21 7.8 38 — —_ 104 16 1.6 7.2 Standard deviation
GC 267 2.38 96.0 6.0 — — 98,8 11.2 5.0 17.7 Minimum value
3l 204 120.0 23.6 — — 1208 22.2 16.0 35.0  Maximum value
34 6 a7 1] 3 Total number of tests
267 2.57 126.1 9.1 126.0 [12:03) — — — — Average of all values
0.03 0.03 6.0 1.7 8.0 71 —_ - — — Standard deviation
SwW 2.61 2.51 118.1 74 118.7 874 - - — - Minimum value
2,12 2.69 136.0 11.2 137.8 108.8 — — — — Maximum value
13 2 1 12 Q Total number of tests
2.6b 2.62 1156 10.8 116.1 934 1034 B4 5.5 374 Average of all values
0.03 0.10 9.7 2.0 72 a8 14.8 — 3.0 2.0 Standard deviation
SP 2,60 2.62 106.6 78 1058 78.2 88.8 54 2.5 35.4 Minimum value
217 276 1534.8 13.4 1373 1224 118.1 5.4 84 39.4 Mazimum value
38 3 7 89 2 Total number of tests
268 2.18 116.8 12.6 110.1 848 112.0 12.7 6.6 336  Average of all values
0.08 0.11 89 34 8.7 79 111 54 5.6 57  Standard devistion
SM 2.51 2.24 p2.e 68 88.6 61.6 91.1 1.6 0.2 238  Minimum value
a1 2.63 1328 26.6 1229 97.1 132.6 25.0 21.2 46.0 Maximum valye
149 9 123 21 17 Total number of tests
2.69 2,17 1189 124 — - 115.6 14.2 5.0 33.9 Average of all values
0.04 0.18 59 2.3 - - 14.1 5.7 6 2.6 Standard devistion
sc 2.56 2.17 104.3 6.7 - — o1 7.5 0.7 28.4  Minimum value
2.81 2,569 131.7 18.2 — — 131.8 227 8.6 38.3 Maximum value
88 4 73 0 10 Total number of tests
269 - 103.3 18.7 — — 98.9 22.1 3.6 34.0  Aversge of all values
0.09 — 10.4 5.7 — - 11.5 49 4.3 3.1 Standard devietion
ML 2.62 —_ 818 10,8 — — 80.7 111 0.1 25.2 Minimum value ~
3.10 - 126.0 34.6 — — 119.3 40.3 119 T Maximum value
65 0 39 0 14 Total number of tests
em 2.69 108.3 18.7 — —_ 106.5 119 10.3 5.1 Average of all values
0.05 0.13 6.5 2.9 - — 7.8 6.1 76 70  Standard deviation
CL 2.56 2.42 90.0 6.4 — — 856 11.6 0.9 80  Minimum value
2.87 2.16 1214 29.2 - — 118.7 35.0 23.8 338  Maximum value
270 3 221 0 a1 Total number of tests
278 — 85.1 336 — - — - - — Average of all values
025 — 2.3 16 — — — - — — Standard deviation
MH 2.47 - 829 3.5 — — — — - — Minimum value
3.50 —_ 89,0 36.6 — - - - — — Maximum value
10 0 5 0 ] Total number of tests

h.S- Bureown o Raclamuntron,, Resigw of Sl Daumg, Water Resounaay |
Tedantcod  Puglication, 1960,
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Cell Erosion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations
Pinon Ridge Project
Montrose County, Colorado

Attachment 1
Table 1 |Vegetated Soil Top Cover Rock Mulch {Safety Factor Method)
Cale. No. Drainage Section Length | Width | Stope | n Te i c F g d sSG SA FA T Te mp | SFe | Dso
() ) | (e - | {min) | {inthr) | -- - sty () - {rad) | (rad} | {psf) | (psf) - - {in)
1 |Reck Mulch (All Soil Top Cover Areas) 345 1 002 [0045| 32 j 282 | 08 | 30 | 05 03 | 265 | 002 | 072 | 0.37 | 040 | 093 [ 1.1 1.0
Table 2 |Side Slope Toe Protection Rock Cover (Abt et al. Method)
Calc. No. DCrainage Section Length{ Width | Slope | Te i C F q Dso
(ft) (| ) | (min) [ (invhn) (cfsifty | (in)
2.0 |Side Slope Toe Protection (Tailing Cell C) 713 1 010 | 39 | 282 0.8 | 3.0 1.1 7.6
2.1 [Side Slope Toe Protection (Tailing Cell B} 609 1 0.10 3.8 | 282 0.8 3.0 0.9 6.8
2.2 |Side Slope Toe Protecticn (Tailing Cell A} 559 1 0.10 3.5 28.2 0.8 3.0 0.9 6.8
Table 3 |Vegetated Soil Top Cover (Maximum Permissible Velocity Method)
Calc. No. Drainage Section Length | Slope | Te c i F q d \Y n MPV | MPVep Flow Reduction Factor
¢ty | (fufy | {min) - |Gnmey | — |(efsfty| () | (fos) - {fps} i (fps) d RF
3 Vegetated Soil Slope (All Soil Top Cover Areas) 345 0.02 3.2 0.8 | 282 | 3.0 0.5 0.3 1.7 1 0045 | 4.0 2.0 (ft)
000 | 05
025 | 05
040 | 086
065 | o7
100 | 08
Table 4 |Side Slope Rock Cover (Stephenson Method)
Calc. No. Drainage Section Length | Width { Stepe [ n Te i o F q d v Cs Np SG SA Fa | Dso
(ft) (/)| (fi) ~ [ (min) | {insh) | - - [tcisiy] ) | (fps) — - — {rad) | (rad) | (i)
4 {Rock Cover A1 103 1 010 | 005 [ 38 | 282 | 08 | 30 | o7 0.2 33 [ 022 | o039 | 265 | 010 ] 072 | 1.6
5 |Rock Cover A2 203 1 010 | 605 | 43 [ 282 | 08 | 30 | 08 0.2 36 | 022 | o033 | 265 | 010 | 672 | 1.8
6 |Rock Cover A3 60 1 010 | oos | 36 | 282 | 08 | 30 | 08 0.2 31 | 022 {030 | 265 [ 010 | 072 | 14
7 |Rock Cover A4 214 1 010 | cos | 43 | 2821 08 | 3.0 0.8 0.2 36 | 022 | 039 | 265 [ 070 | 072 | 1.8
8 |Rock Cover B1 117 1 010 | oo { 39 [ 282 | 08 | 30 0.7 0.2 32 | o220 | 039 [ 265 [ 010 j 072 ] 1.6
9 |Rock Cover B2 217 1 090 | 005 | 44 | 282 08 | 30 | 08 0.2 37 | 022 | 030 | 285|010 072 | 1.8
10 |Rock Cover B3 31 1 010 f 005 [ 34 | 282 | 08 { 30 | 06 0.2 31 | 022 | 0239 | 265 ] 010 072 | 14
11 |Rock Cover B4 264 1 010 | oos [ 46 {282 | 08 [ 30 | o8 0.3 36 | 022 ]| 030 | 265 | 010 | 072 | 1.8
12 |Rack Cover C1 356 1 010 { 005 | 49 | 2821 08 | 3.0 1.1 0.3 39 | 022 | 030 | 265 | 010 | 072 | 2.1
13 |Rock Cover C2 350 1 010 | 005 | 49 [ 2821 08 | 3.0 1.0 0.3 39 (022 | 039 ) 285 | 010 | 072 | 2.1
14 |Rock Cover C3 32 1 010 | 005 | 34 [ 282 08 | 30 0.6 0.2 31 | 022 | 039 1265 | 010 | 072 | 14
15 {Rock Cover C4 358 1 010 | 005 | 50 } 282 | 0.8 | 3.0 1.1 0.3 40 | 022 L o3e | 265 | 010 | 072 | 2.2

Table 5 |Intersection Channel Riprap (Mining Water Diversion Manual Experimental Curves)

Calc. No. Drainage Section Length| Area [ Slope Te i C F Q
{ft) @ac) | ¢vey | (mim | Gnshn) - -- (cfs)
16  [Cell A and B Intersection Rundown 1478 | 28.46 | 0.01 11.1 1 21.9 0.8 1.0 258
17 Cell B and C Intersection Rundown 1560 | 30.28 | 0.01 11.6 21.9 0.8 1.0 265

Drainage Sections correspond to Drawing C2 in "Kieinfelder, Pinon Ridge Project: Tailing Cell Cover and Site Grading Drainage Plans. December 12th, 2008."
Safety Factor Method used on slopes less than 10%

Stephenson Method used on slopes 10% and greater

Abt et 2l. Method used for embankment toe riprap sizing

Final Runoff and Erosion for Tailings Cells.xls




Tailing Cell Closure Cover Erosion Design Parameters and Equations

Cell Erosion Summary

Pifon Ridge Project
Montrose County, Golorado

Attachment 1
Symbol/Term Definition
Length, L Length of longest flow path in catchments
Width, W Linit width of flow contrel section
Slope, S Slope of local flow path
Serr Effective Slope
n Manning's roughness
Tc Time of concentration
i Rainfall intensity
C Runoff coefficient
F Flow concenteation factor
q Unit flow rate
Q Flow rate
d Flow depth
v Flow velocity
SG Specific gravity of rock material
SA Slope angle
FA Friction angle of rock material
Ce Stephensoen factor
Ng Cover material porosity
T Actual tractive force
Te Critical tractive force
N Stability parameter
SF, Safety factor
Degp Particie size such that 50% of material by weight is smaller
RF Reduction Factor
MPV Maximum Permissibie Velocity
MPVge Reduced Maximum Pemissible Velocity
PMP Probable Maximum Precipitation
PMF Probable Maximum Flood
HMR Hydrometeorclogical Report

Final Runoff and Erosion for Tailings Cells.xIs




Attachment 2
12/12/08
Pifion Ridge Project
Tailing Cells Closure Grading Plan, Drawing C2
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Rock toes, or toe basins, are often placed at the base of sloped embanlcments to: stabilize
and/or anchor rock placed on the side slope; serve as atoe dramage channel, serve as an impact basin
and provide for energy dissipation from tributary flow; provide erosion protection at the toe;
transition flow from the side slope to adjacent properties; and/or provide gully intrusion protection
to the embankment. Therefore, proper rock sizing is an imperative element of the design process
to meet the project stability requirements.

6.1  Technical Basis

Rock sizing procedures have been developed by the U.S. Bureau of Reclamation (USBR)
for stilling basins founded, based on the work of Berry (1948) and as presented by the Department
of the Interior (DOI, 1978). The procedure estimates the median stone size 2s a function of localized
bottom velocity (V) at the location where the flow transitions onto a stone-filled basin. If the
bottom velocity cannot be determined, the local average velocity may be substituted where the local
average velocity can be determined using the U.S. Army Corps of Engineers procedures (ACE,
1994). Campbell (1966) presented a velocity-based riprap design procedure for stone placed in
stilling basins. Both the USBR and Campbell rock sizing procedures were developed to dissipate -
energy and provide a stable toe as flow transitioned onto a rock basin or apron. These procedures
are difficult to apply for relatively small rock requirements (less than 0.3 m) and yield conservative
rock sizes.

To better understand the phenomena and mechanisms affecting the design of riprap to
prevent erosion by overtopping flow as it transitions from the side slope to the embankment toe
and/or apron, the U.S. Nuclear Regulatory Commission staff sponsored technical assistance efforts,
As a result of these efforts, an altemative method of sizing the median stone size (Dy,) for riprap
placed at the toe of the slope was developed.

Abtet al. (1998) empirically derived an equation to compute the median stone size for riprap
used to prevent erosion from flow transitioning off an embankment side slope onto the toe region.
The relationship is expressed in English units as

(D-18)
where;: D, = the median stone diameter in inches,
S = the embankment side slbpe in decimal form,
C, = the flow concentration factor,
qg = the design unit discharge in cubic ft per second.
D-23 NUREG-1623
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Attachment 1
11/13/2008
Pifion Ridge Project
Tailing Cell Closure Cover Erosion Design Parameters and Equations




Cell Erosion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations
Pifion Ridge Project
Montrose County, Colorado

Attachment 1
Table 1 |Vegetated Soil Top Cover Rock Mulch {(Safety Factor Method)
Caic. No. Drainage Section Length{ Width | Slope | n Te i c F q d e SA FA T Te fio | SFb | Dso
(ft) {ft) (fft) - (min) | (infhr) - - (cfsity [ (D) - (rad) | (rad) | (psf} | {psh - - {in)
1 Rock Mulch (All Soit Top Cover Areas) 345 1 0.02 {0045 [ 3.2 28.2 0.8 3.0 0.5 0.3 265 | 002 | 072 | 037 | 0.40 | 0.93 1.1 1.0
Table 2 [Side Slope Toe Protection Rock Cover (Abt et al. Method)
Calc. No. Drainage Section Length| Width | Slope | Tc i c F q Dso
(") () | () | (min) | (in/hr) (ctsity | (in)
2.0 |Side Slope Toe Protection {Tailing Cell C) 713 1 0.10 3.9 28.2 0.8 3.0 1.1 7.6
2.1 |Side Slope Toe Protection (Tailing Celi B) 609 1 0.10 3.8 28.2 0.8 3.0 0.9 6.8
2.2 |Side Slope Toe Protection (Tailing Celi A) 559 1 0.10 3.5 28.2 0.8 3.0 0.9 8.8
Table 3 |Vegetated Soil Top Cover (Maximum Permissible Velocity Method)
Calc. No. Drainage Section Length | Slope | Tc C i F q d v n MPV | MPVige Flow Reduction Factor
(ft) {ft/ft) | (min} — (in/hr}) - (cfs/fl) ) {fps) - (fps) (fps) d RF
3 Vegetated Soil Slope (All Soil Top Cover Areas) 345 0.02 3.2 0.8 28.2 3.0 0.5 0.3 1.7 10045 | 4.0 2.0 {ft)
0.00 0.5
0.25 Q.5
0,40 0.6
(.65 0.7
1.00 0.8
Table 4 |Side Slope Rock Cover (Stephenson Method}
Calc. No, Drainage Section Length | Width | Slope n Te i C F q d v Cs Mo SG SA FA Dso
{ft) | (i) — | (min) | (infhr) | -- — {(cfait)| (f) | (fps) = — - {rad) | (rad) | (in)
4 Rack Cover A1 103 1 0.10 0.05 3.8 28.2 0.8 3.0 0.7 0.2 3.3 0.22 Q.39 2.65 0.10 Q.72 1.6
5 Rock Cover A2 203 1 C.10 0.05 4.3 28.2 0.8 3.0 0.8 0.2 3.6 0.22 Q.39 2.65 0.10 0,72 1.8
8 Rock Cover A3 60 1 C.10 0.05 3.6 28.2 0.8 3.0 0.6 0.2 3.1 0.22 0.39 2.65 0,10 0.72 1.4
7 Rock Cover A4 214 1 0.10 0.05 4.3 28.2 0.8 3.0 0.8 0.2 3.6 Q.22 0.39 2.65 0,10 0.72 1.8
] Rock Cover B1 117 1 0.10 0.05 3.9 282 0.8 3.0 0.7 0.2 3.2 0.22 0.38 2.65 Q.10 0.72 1.6
9 Rock Cover 82 217 1 0.10 | 0.05 4.4 282 | 0.8 3.0 0.8 0.2 3.7 022 | 039 | 265 | 010 | 0.72 1.8
; 10 Rock Cover B3 31 1 0.10 0.05 3.4 28.2 0.8 3.0 0.6 0.2 3.1 0.22 0.39 2.65 0.10 0.72 1.4
i 11 Rock Cover B4 264 1 0.1¢ | 0.05 4.6 282 | 08 3.0 0.9 0.3 3.6 022 | 039 | 265 | 010 [ 0.72 1.9
: 12 Rock Cover C1 356 1 0.10 0.05 4.9 28.2 0.8 3.0 1.1 0.3 3.9 0.22 0.39 2.65 0.10 0.72 2.1
: 13 Rock Cover &2 350 1 0.10 0.05 4.8 28.2 0.8 3.0 1.0 0.3 3.9 0.22 0.39 2.65 0.10 0.72 2.1
14 Rock Cover C3 32 1 0.10 Q.05 3.4 28.2 0.8 3.0 0.6 0.2 3.1 0.22 0.39 2.65 0.10 0.72 1.4
15 Rock Cover C4 368 1 0.10 0.05 5.0 28.2 0.8 3.0 1.1 0.3 4.0 0,22 0.39 2.65 0.10 0.72 2.2

Tabie 5 (Intersection Channel Riprap (Mining Water Diversion Manual Experimental Curves)

Calc. No. Drainage Section Length | Area { Slope Te i c F Q
(ft) {ac) (ftf} | (min} | (in/hr} - -~ (cfs)

16 jCell A and B Intersection Rundown 1478 | 29.45 { 0.01 1111 21.8 0.8 1.0 258

17 |Cell B and C Intersection Rundown 1560 [ 30201 00t | 116 {1 2191 08 1.0 265

Drainage Sections correspond to Drawing C2 in "Kleinfelder, Pinon Ridge Project: Tailing Cell Cover and Site Grading Drainage Plans. December 12th, 2008."
Safely Factor Method used on slopes less than 10%

Stephenson Method used on slopes 10% and greater

Abt et al. Method used for embankment toe riprap sizing

Final Runoff and Erosion for Tailings Cells.xls



Cell Erosion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations
Pifion Ridge Project
Montrose County, Colorado

Attachment 1
Symbol/Term Definition
Length, £ Length of longest flow path in catchments
Width, W Unit width of flow control section
Slope, 5 Slope of local flow path
SerF Effective Slope
n Manning's roughness
Tc Time of concentration
i Rainfall intensity
[ Runoff coefficient
F Flow concentration factor
g Unit flow rate
Q Flow rate
d Flow depth
v Flow velocity
8G Specific gravity of rock material
SA Slope angle
FA Friction angle of rock material
Cs Stephenson factor
Ng Cover material porosity
T Actual tractive force
Te Critical tractive force
Mo Stability parameter
SFy Safety factor
Do Pariicle size such that 50% of material by weight is smaller
RF Reduction Factor
MPV Maximum Permissible Velocity
MPVRe Reduced Maximum Permissible Velocity
PMP Probable Maximum Precipitation
PMF Probable Maximum Flood
HMR Hydrometeorological Report

Final Runoff and Erosion for Tailings Cells.xls



Attachment 2
12/12/08
Pifion Ridge Project
Tailing Cells Closure Grading Plan, Drawing C2
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1 he runolf coetncient 1s als¢ dependaent o1 Ine CRAraCier dnd Conuilon oL w

1 soth-The infiltration rate decreases as rainfall continues, and is also fced
by the ante?edenL@isture condition of the soil. Other fac fitluencing the -
; y runoff coefficient are rainfall intensity, proximit water table, degree of
? e soil compaction, porosity of the ] jon, ground slope, and depression. -
I v g storage. A reasonable coefficien to represent the integrated effect:
b % of all these factors. S ed coefficients for vari rface types as used in
N WO Austin, Tex given in Table 15.1.1.
) 3 )
Y TABLE 15.1.1 v)a
{ o (j o  Runoff coefficients for use in the rational method
k§ S
i r é 3’ —3—;—" Return Period (years)
5 O~ ¢l = Character of surface 2 5 10 25 50 100 500
é} Developed
Asphaltic 0.73 0.77 0.81 0.86 0.90 0.95 1.00
Concrete/roof 0.75 0.80 0.83 0.88 0.92 0.97 1.00

Grass areas (lawns, parks, etc.)
Poor condition (grass cover less than 50% of the area)

Flat, 0~2% 0.32 0.34 0.37 0.40 0.44 0.47 0.58
Average, 2-7% 0.37 0.40 0.43 0.46 0.49 0.53 0.61
Steep, over 7% 0.40 0.43 - 0.45 0.49 0.52 0.55 0.62

Fair condition (grass cover on 50% to 75% of the area)

Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33 0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 0.40 0.42 0.46 0.49 0.53 0.60

Good condition (grass cover larger than 75% of the area)

Flat, 0-2% 0.21 0.23 0.25 0.29 0.32 0.36 0.49
Average, 2-7% 0.29 0.32 0.35 0.39 0.42 0.46 0.56
Steep, over 7% 0.34 0.37 0.40 0.44 0.47 0.51 0.58

Undeveloped

Cultivated Land
Flat, 0-2% 0.31 0.34 0.36 0.40 0.43 0.47 0.57
Average, 2-7% 0.35 0.38 0.41 0.44 0.48 0.51 0.60
Steep, over 7% 0.39 0.42 0.44 0.48 0.51 0.54 0.61

Pasture/Range
Flat, 0-2% 0.25 0.28 0.30 0.34 0.37 0.41 0.53
Average, 2-7% 0.33 0.36 0.38 0.42 0.45 0.49 0.58
Steep, over 7% 0.37 0.40 0.42 0.46 0.49 0.53 0.60

Forest/'Woodlands
Flat, 0~2% 0.22 0.25 0.28 0.31 0.35 0.39 0.48
Average, 2-7% 0.31 0.34 0.36 0.40 0.43 0.47 0.56
Steep, over 7% 0.35 0.39 0.41 0.45 0.48 0.52 0.58

Note: The values in the table are the standards used by the City of Austin, Texas. Used with permission,

 Chew, VT, Matduant, D, Mays.L Applied Hydrlogy, Meborew -1y, 1988
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Where the flow-line slope varies along the channel, calculate a weighted basin slope for use with .

CUHP. Do this by first segmenting the major drainageway into reaches having similar
longitudinal slopes. Then calculate the weighted slope using the Equation RO-9.

(RO-9)

S LS +L,8,°+..+L,5,°% 4..7
L+L,+L,.L,

in which:
§ = welghted basin waterway slopes in ft/ft
5,8;....8, = slopes of individual reaches in fi/ft (after adjustments using Figure RO-10}
LL;....L, = lengths of corresponding reaches

6. Time of Concentration—As an oplion for small urbanized areas (e.g., less than 80 acres), the
CUHP user must enter time of conceniration in minutes. For catchments between 80 acres and
160 acres, the user may enter the time of concentration to determine the difference hetween flow
calculated using CUHP parameters and the flow using input time of concentration. The
procedure for estimating time of concentration is glven in Section 2 4.

7. Pervious Retention—Maximum depression storage on pervious surfaces in inches. (See Section
3.2.2 for more details.)

8. Impervious Retention—Maximum depression storage on impervious surfaces in inches. (See
Section 3.2.2 for more details.) '

9. Infiltration Rate—Iniiial inflitration rate for pervious surfaces In the catchment in inches per hour,
If this entry is used by itself, it will be used as a constant inflltration rate throughout the storm.
(See Section 4.2.3 for more details.)

10. Decay—Exponential decay coefficlent In Horton's equation in "per second” units.
11. Final Infiltration—Final infiltration rate in Horton's equation in inches per hour.

The program computes the coefficients C, and C,, however, values for these parameters can be specified
by the user ag an option. The unit hydrograph is developed by the computer using the algorithm in the
1884 version of the Manual.

The shaping of the unit hydrograph also relies on proportioning the widths at 50% and 75% of the unit
hydrograph peak. The proportioning is based on 0.35 of the width at 50% of peak being ahead of the
“time to peak” and 0.45 of the width at 75% of peak being ahead of the "fime to peak.” These
proportioning factors were selected after observing a number of unit hydrographs derived from the
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Attachment 1
11/13/2008
Pifion Ridge Project
Tailing Cell Closure Cover Erosion Design Parameters and Equations




Cell Erosion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations

Pifion Ridge Project

Montrose County, Colorado

Attachment 1
Table 1 |Vegetated Soil Top Cover Rock Mulch {Safety Factor Method)
Calc. No. Drainage Section Length | Width | Siope n Te i C F q d 5G SA FA T Te Tib SFy Dso
() ¢ (fuft) - (min) _{ {infhr) - - | {ctsift) { (R) - (rad) | (rad) | (psf} | (psf) - - (i)
1 Rock Mulch (All Scil Top Cover Areas) 345 1 0.02 | 0.045 ] 3.2 28.2 0.8 3.0 0.5 0.3 265 | 002 | 072 | 037 | 040 | 0.93 1.1 1.0
Table 2 |Side Slope Toe Protection Rock Cover (Abt et al. Method)
Gale. No. Drainage Section Length | Width | Slope | Tc i c F q Dso
¢ft) () (fA) [ (min) | {in/hr) (cfs/ft) | {in)
2.0 |Side Slope Toe Protection (Tailing Cell C) 713 1 010 | 39 [ 282 | 038 3.0 1.1 7.6
2.1 |Side Slope Toe Protection (Tailing Cell B) 809 1 0.10 3.8 | 282 ] 038 3.0 0.9 6.8
2.2 |Side Slope Toe Protection (Tailing Cell A) 559 1 0,10 3.5 28.2 0.8 3.0 0.9 6.8
Table 3 |Vegetated Soil Top Cover (Maximum Permissible Velocity Method
Calc. No. Drainage Section Length | Slope | Te C i F q d v n MPV | MPVge Flow Reduction Factor
(fy_{ (f/f) | (min) — |(nhn | — |(efsf){ (fty | (fps) - {fps) | (fos) d RF
3 Vegelated Soil Slope (All Soil Top Cover Areas) 345 0.02 3.2 0.8 28.2 3.0 0.5 0.3 1.7 [ 0045 | 4.0 2.0 ()
0.00 0.5
0.25 0.5
0.40 0.6
Q.65 0.7
1.00 0.5
Table 4 |Side Slope Rock Cover (Stephenson Method)
Calc. No. Drainage Section Length | Width | Slope n Tc i C F q d v Cs Np 5G SA FA Dso
(it) (ft) (fu/ft) - {min} | (in/hr} — - (cfs/ft) (ft} {fps) — = - {rad) | (rad) (in}
4 Rack Cover A1 103 1 0.10 0.05 3.8 28.2 0.8 3.0 0.7 0.2 3.3 0.22 0.38 2.85 0.10 .72 1.6
5 Rock Cover A2 203 1 0.10 0.05 4.3 28.2 0.8 3.0 0.8 0.2 3.6 0.22 0.38 2.65 0.10 .72 1.8
<] Rock Cover A3 B0 1 0.10 0.05 3.6 28.2 0.8 3.0 0.6 0.2 3.1 0.22 0.39 2.85 0.10 0.72 1.4
i Rock Cover Ad 214 1 0.10 0.05 4.3 28.2 0.8 3.0 0.8 0.2 3.6 0.22 0.39 2.65 0.10 0.72 1.8
8 Rock Cover B1 117 1 0.10 0.05 3.9 28.2 0.8 3.0 0.7 0.2 3.2 0.22 0.39 2.65 G.10 0.72 1.6
g Rock Cover B2 217 1 0.10 0.05 4.4 28.2 0.8 3.0 0.8 D.2 3.7 0.22 0.38 2.65 0.10 0.72 1.8
10 Rock Cover B3 31 1 C.10 0.05 3.4 28.2 0.8 3.0 0.6 0.2 3. 0,22 0.39 2.65 0.10 0.72 1.4
11 Rock Cover B4 264 1 0.10 0.05 4.6 28.2 0.8 3.0 0.9 0.3 3.6 0,22 0,39 2.65 0.10 0.72 1.9
12 Rock Cover C1 356 1 0.10 0.05 4.9 28.2 0.8 3.0 1.1 0.3 3.9 0,22 0.39 2.65 0.10 0.72 2.1
13 Rock Cover G2 350 1 0.10 0.05 4.9 28.2 0.8 3.0 1.¢ 0.3 3.9 0.22 0.39 2.65 0.10 0.72 2.1
14 Rock Cover C3 32 1 0.10 0.05 3.4 28.2 0.8 3.0 0.6 0.2 3.1 0.22 0.39 2.65 0.10 0.72 1.4
15 Rock Caver C4 368 1 0.10 0.05 5.0 28.2 0.8 3.0 1.1 0.3 4.0 0.22 0.39 2.85 0.10 0.72 2.2
Table 5 |Intersection Channel Riprap (Mining Water Diversion Manual Experimental Curves)
Cale. No. Drainage Section Length| Area | Slope | Tc i C F Q
() (ac) | (W) | (min} | (inhe} e - {cfs)
16 {Cell A and B Intersection Rundewn 1478 | 29.46 { 0,01 111 ] 21.8 0.8 1.0 258
17 ]Cell B and C Intersection Rundown 1560 [ 3020 o011 | 116 | 218 | ©8 1.0 265

Drainage Sections correspond to Drawing C2 in "Kleinfelder, Pinon Ridge Project: Tailing Cell Cover and Site Grading Drainage Plans. December 12th, 2008."

Safety Factor Method used on slopes less than 10%
Stephenson Methed used on slopes 10% and greater

Abt et al. Method used for embankment toe riprap sizing

Final Runoff and Erosion for Tailings Cefls.xls



Celi Erosion Summary

Tailing Cell Closure Cover Erosion Design Parameters and Equations
Pifion Ridge Project
Montrose County, Colorado

Attachment 1
Symbol/Term Definition
Length, L Length of longest fiow path in catchments
Width, W Unit width of flow contrel section
Slope, S Slope of local flow path
i mmu_n Effective Siope
n Manning's roughness
: Tc Time of cancentration
: i Rainfall intensity
: C Runcff coefficient
F Flow concentration factor
q Unit flow rate
Q Flow rate
d Flow depth
v Flow velocity
3G Specific gravity of rock material
SA Slope angle
FA Friction angle of rock material
Cs Stephenson factor
ny Cover material porosity
T Actual tractive force
i Te Critical tractive force
Mo Stability parameter
SF, Safety factor
D Particle size such that 50% of material by weight is smaller
RF Reduction Factor
MPV Maximum Permissible Velocity
MPVge Reducad Maximum Permissible Velocity
PMP Probable Maximum Precipitation
PMF Probable Maximum Flood
HMR Hydrometeorological Report

Final Runoff and Erosion for Tailings Cells.xls




Attachment 2
12/12/08
Pifion Ridge Project
Tailing Cells Closure Grading Plan, Drawing C2
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Attachment 3
1/7/09
Pifion Ridge Project
Riprap Rundown Channel HEC-RAS OQutput
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Arbealomants 3 e .
HEC-RAS Plan: W3 [o4
Reach River Sta Profile Q Total Vel Chnl - Hydr Depth Length Chnl Froude # Chl

(cfs) (ft/s) (f) {tt) i
Reach#1  |106 PF 1 285 4.3 1.39 46.86 0.65 ]
Reach#1  |105.928*  |PF1 285 4.3| 1.39 46.86 0.65
Reach#1  |105.857*  |PF 1 285 4.3 1.39 46.86 0.65 L
Reach#1  [105.785*  |PF1 285 4.3 1.39 46.86 0.65
Reach#1  |105.714"  |PF1 285 4.3 1.39 46.86 0.65 )
Reach#1  [105642*  |PF1 285 4.3 1.39 46.86 0.65
Reach#1  [105571*  PF1 285 43 1,39 46.86 0.64 .
Reach#1  [105.5% PF 1 285 4.3 1.39, 46.86! 0.65
Reach#1  |105.428*  |PF1 285 4.3 1.3 46.86 0.65
Reach#1  [105.357*  |[PF1 285 43 1.39 46.86 0.65
Reach#1  [105.285* |PF 1 285 4.3 1.39 46.86 0.65
Reach#1  |105.214* |PF1 285 43 1.39 46.86 0.65
Reach#1  |105.142* |PF1 285 43 1.39 46.86 0.65
Reach#i  1105.071*  |PF1 285 43 1.39 46.86 0.65
Reach#1 {105 PF 1 285 43 1.38 48.90 0.65
Reach#1  1104.5* PF 1 285 43 1.39 48.90; 0.65]
Reach#1 104 PF 1 285 43 1.38 33.40 0.65,
Reach#1  |103.666*  |PF 1 285 4.4 1.38 33.40 0.65
Reach#1  [103.333*  |PF 1 285 45| 1.36] 33.40 0.68
Reach#1  |103 PF 1 285 6.0 1.14! 25.32 0.99
Reach#1  {102.5* PF 1 285 10.9 0.92! 25.32 2.01
Reach#1  [102 PF 1 285 8.5 1.11 38.76 1.43
Reach#1 1101 PF 1 285 10.9 0.93 39.84 1.99
Reach#1  |100.75" PF 1 285 9.5 1.02 39.84 1.67
Reach#1  |100.5* PF 1 285 10.2 0.97 39.84 1.83
Reach#1  |100.25* PF 1 285 9.9 0.99 39.84 1.75!
Reach #1 100 PF 1 285 10.1 0.98 1.79 L
Reach#1 |99 PF 1 _ o28s| 15.4 0.79 - 306y Lrew®
Reach#1  |98.3 PF 1 285 49 1.97 082/ ¢ wkﬂ'—\
Reach#1  |98.2 PF 1 285 5.0! 196 0.62
Reach#1  |98.1 PF 1 285 4.9 1.97 062| 1o 15¢
Reach#1 |98 PF 1 285 49 1.97 0.62 "
Reach# |97 PF 1 285 49 1,96 . 062| (o ™
Reach#1 |96 PF 1 285 4.9 1,97 185.89 0.62 a\m“\“}
Reach#1 195 PF 1 285: 4.9 1.96. ; 0.62
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Pikan Ridge Project
TeiWys Divarsion Bavwa

Design of Riprap Channel Cross Section

Project:

Channel ID:

j
4
-

7
N

Design Infermation (Input)

Channel Invert Slope So= 0.0100 fi/ft
Bottom Width = 0.0f
Left Side Slope Z1= 20.0 firft
Right Side Slope Z2 = 3.0 fist
Specific Gravity of Rock Ss = 2.65
Radius of Channel Centerline Cer = 10,000.0 ft
Design Disharge Q= 1,380.0 cfs
Flow Condltion {Calcufated)
Riprap Type {Straight Channel} Typa = L
Intermediate Rock Diameter (Straight Channel} D50 = 9 inches
Calculated Manning's n (Straight Channel) n= 0.0377
Riprap Type {Outside Bend of Curved Channel) Type = L
Intermed!ate Rock Dia, (O.B. of Curved Channel) D50 = 9 inches
Calculated Manning's N (Curved Channel) n = 0.0377
Water Depth = 4.29 ft
Top Width of Flow = 98.7 ft
Flow Area = 211.6 sq ft
Wetted Perimeter = 99.5 ft
Hydraulic Radius (A/P) = 2.1 ft
Average Flow Velocity (Q/A) = 6.5 fps
Hydraulic Depth (A/T) = 21 ft
Froude Number (max. = 0.8) Fr= 0.79
Channel Radius / Top Width CeriT = 101.35
||Riprap Design Velocity Factor For Curved Channel Kv = 1.00
Riprap Sizing Velocity For Curved Channel Viy = 6.6 fps
Riprap 8izing Paramenter for Straight Channel = 215
Riprap $izing Paramenter for Qutside Bend of Curve Keurve = 215
Superelevation (dh) dh = 0.00 it
Discharge (Check) = 1,385.6 cfs
Check on Rock Size for Riprap
Range of K, K.une Riprap D50
<3.3 VL G inch
>3310<4.0 L g inch
>401t0<46 M 12 inch
>4610<56 H 18 inch
>56to6.4 VH 24 inch

Page 1

Tailing Diversion Hydraulics.xls
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 PlRow Ridge Project
Tatlings Diverston Barvwa

Chapter 2 Estimating Runoff

Technical Release 556

Urban Hydrology for Small Watersheds

Table 2-2d  Runolf curve numbers for arid and semiarid rangelands V

L]
Curve numbers for
Cover descriplion —————— hyrologic soil group ~————
Hydrologic

Cover Lype condition ¥ AY B C D
Herbaceous—mixtiure of grass, weeds, and Poor 30 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85
Oak-aspen—mountain brush mixture of oak brush, Poor GG 74 79
aspen, mountain mahogany, bitter brush, maple, FFair 48 57 63
and other brush. Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 BO
Good 41 61 !
Sagebrush with grass understory. Poor 67 80 85
Fai hl 63 70
Good 35 47 55
Desert shirub—major plants include saltbush, Poor 63 77 85 a8
greasewood, creosotebush, blackbrush, bursage, Fair oh 72 81 36
palo verde, mesquite, and cactus. Good 49 G8 79 84

I Average runoff condition, and I, = 0.25. For range in humid regions, use table 2-2¢.
? Poor: <30% ground cover (litter, grass, and brush overstory).

Fair: 30 to 70% ground cover.

Good: > 70% ground cover.
3 Curve numbers for group A have been developed only for desert shrub.

[e Covgervabion Servite- (‘Sbgﬁ’ Tedaniced fze_por'ﬁ' 55, hrvan. \eréro(.ea y

S maft W abers heds. June, 1986,

28 {210-VI-TR-R5. Second Ed., June 1986)
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Piron Ridse, Project q (4]
Taviegs Divassioa. Barma i2(t[o8

ROCKY MOUNTAIN (THUNDERSTORM) UNIT HYDROGRAPH 02-Dec-08
Pinon Ridge Uranium Mill Site Diversion Alternative 2

Drainage Area = 0.77 sq. miles Lg+D/2 = 0.65 Hours
Basin Slope = 827.00 ft./mile Basin Factor = 0.04
L= 1.51 mi., Length of Watercourse V' = 20,71 cfs/Day
Lea = 0.69 mi., Distance to Centroid Qs = 31.8 *q,cfs
Kn= 0.070 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time, Lg = 0.61 Hours Unit Duration, D = 6.64 minutes
Calculated Timestep = 1.95 minutes
Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

Lnit Inflow Hydrograph
Synthetic USBR ROCKY MOUNTAIN (THUNDERSTORM)
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0.00 0.50 1.00 1.50 200 250 3.0 350 4.00 4.50
TIME, (Hours)

Ul Record - Unit Graph 5 minute interval
ul 9 30 177 366 565 771 848 692 532 373
Ul 262 196 154 125 103 88 75 65 57 51
Ul 46 41 36 33 29 26 23 21 19 17
Ut 15 13 12 10 9 9 8 7 6 5
Ul 5 5 4 4 3 3 2

Ut
8: AT Qecords whed A Hee -1 mo dod anealyss, CA—‘H-M,W ‘-L)
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USBR calculated unitgraph peak = 903 Interpolated Peak = 848
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Addatanent L

R R R R e e T T e T
*
FLOCD HYDROGRAPH PACKAGE
JUN 1998
VERSION 4.1

(HEC-1)

RUN DATE 02FEB09 TIME 14:16:48

* *
* *
* *
* *
* *
* *
* *

(2225233222222 2222 RS2SRRSR0 L2 2]

X X XXEXXXX XXAXX

X X X X X

X X X X

XXAXXXX XXXX X XAXKX
X X X X

X X X X X

X X XXXXXXX XXXXX

THIS PROGRAM REPLACES ALL PREV1QUS VERSIONS OF HEC-1 KNOWN AS HECL {JAW 73},

X

i i

X

(3
2f1fo8

ki k kA kA kb hhExhkrrkbkhdhddtoddhdkdhdds

X *
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
i *
* *

ST E RS R RS 22 R AL AR LE LD )

HEC1GS, HEC1DB, AND HEC1EW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 19%73-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK-
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE ,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INFUT
LINE ID....... 1o Zoooo.a. S 4. RN 6..o-.
*%% FREE **%
1 ID ENERGY FUELS - PINON RIDGE PROJECT
2 I PROJECT NO. 89211
3 ID TAILINGS CLOSURE DIVERSION BERM DESIGN HYDROLOGY
4 ID  6-HR HMR 49 LOCAL STORM
] ID ROCKY MOUNTAIN LOCAL STORM UNIT -GRAPH KN=0.07
6 IT 5 ¢ 0 100
7 10 5 1
*
a KX  DVBRM
9 KM DRAINAGE ALTERNATIVE 2
10 BA 0.77
11 IN 60
12 PB 0
13 PC 0.1 0.7 8.8 9.6 9.9 9.9
14 LS 0 75 5
15 Ul 9 10 177 366 565 771
16 U1 262 196 154 125 103 88
17 UL 16 a1 16 33 29 26
18 UL 15 13 12 10 ] 9
19 uI 5 5 4 4 3 3
20 KO 1
*
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ENERGY FUELS - PINON RIDGE PROJECT

PROJECT NO. B89241

TAILINGS CLOSURE DIVERSION BERM DESIGN HYDROLDGY
6-HR HMR 42 LOCAL STORM

ON RM-CARD WAS CHANGED WITH REVISIONS DATED 2B SEP B1.
SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
LOSS RATE:GREEN AND AMPT INFILTRATION
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THIS IS THE FORTRAN77 VERSION
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ROCKY MOUNTAIN LOCAL STORM UNIT GRAPH KN=0.07

B

7 IO OUTPUT CONTROL VARIABLES :
IPRANT 5 PRINT CONTROL L
IPLOT 1 PLOT CONTROL :
QSCAL 0. HYDRCGGRAPH PLOT SCALE
iT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 O STARTING DATE
ITIME 0000 STARTING TIME :
NQ 100 NUMBER OF HYDROGRAPH ORDINATES =
NDDATE 1 0 ENDING DATE ’
NDTIME 0815 EKNDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE B8.25 HOURS

ENGLISH UNITS

DRAINAGE AREA ' SQUARE MILES
PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FRHRENHEIT
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20 KO QUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 1 PLOT CONTROL
QSCAL 0. HYDROGRAPE PLOT SCALE

SUBBASIN RUNOFF DATA

10 BA SUBBASIN CHARACTERISTICS
TAREA .77 SUBBASIN AREA

PRECIPITATION DATA

12 PB STORM 9.80 BASIN TOTAL PRECIPITATION
i1 PI INCREMENTAL PRECIPITATION PATTERN
05 05 05 05 05 .05 05 05 05 05
.05 .05 .68 .68 .67 .67 68 -68 .67 .68
.68 .67 .68 .67 .07 .07 .07 .07 .07 .07
.07 .07 .07 .07 .07 07 .02 .03 .02 .02
.03 .02 .02 -03 .02 .02 .03 .02
14 LS SCS LOSS RATE
STRTL .67 INITIAL ABSTRACTION
CRVNBR 75.00 CURVE NUMBER
RTIMP 5.00 PERCENT IMPERVIOUS AREA
15 Uz INPUT UNITGRAPH, 47 ORDINATES, VOLUME = 1.00
9.0 30.0 177.0 166.0 565.0 T71.0 B848.0 692.0 532.0 373.0
262.0 196.0 154.0 125.0 103.0 88.0 75.0 65.0 57.0 51.0
46.0 41.0 16.0 33.0 2%.0 26.0 23.0 21.0 19.0 17.0
15.0 13.0 12.0 10.0 3.0 9.0 B.0 7.0 6.0 5.0
5.0 5.0 4.0 4.0 3.0 3.0 2.0
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Akadmants 1 2fo®

*
1 Q000 1 00 .00 oo 0. * 1 0410 S1 .00 .00 .00 244.
1 0005 2 0s .05 00 0. * 1 0415 52 .00 -00 .00 228,
1 Q010 3 05 .05 00 0. * 1 0420 53 .00 00 .00 210.
1 0015 4 05 0s 00 1. * 1 0425 54 .00 .00 .00 187.
1 0020 5 05 05 00 1. * 1 0430 55 .00 .00 .00 161.
1 0025 6 05 .05 00 3. * 1 0435 56 .00 .00 .00 134.
| 1 0030 7 05 .05 00 5. * 1 0440 57 .00 .00 .00 112.
E 1 0035 a .05 .05 .00 7. * 1 0445 58 .00 .00 .00 94 .
_ 1 0040 9 .05 .05 .00 9. * 1 0450 59 .00 .00 .00 gl. -
: 1 0045 10 .05 .05 .00 10. * 1 0455 60 .00 .00 .00 1. ;
! 1 Q0S50 11 .05 .05 .00 11. * 1 0500 61 .00 .00 -00 61. =
1 0055 i2 .05 .05 .00 12. * 1 0505 62 .00 .00 .00 53.
1 0100 13 .05 .05 .00 12. * 1 0510 63 .00 .00 .0¢ 46.
1 0105 14 .68 .55 .12 1l4. * 1 0515 64 .00 .00 .00 40.
1 0110 15 .68 .39 .28 19. * 1 0520 65 .00 .00 .00 L
1 0115 16 .67 .29 .38 46 . * 1 0525 66 .00 .00 .00 30.
i 0120, 17 .67 .23 .45 122. * 1 0530 67 .00 .00 .00 25,
1 0125 18 .68 .18 .50 270. * 1 0535 68 .00 .00 .00 21.
1 0130 19 .68 .15 .53 503. * 1 0540 6% .00 .00 .00 17.
1 0135 20 .67 .12 .85 819. * i 0545 70 .00 .00 .00 14.
1 0140 21 .68 .10 .57 1177. * 1 0550 71 .00 .00 .00 11.
1 0145 22 .68 .09 .56 1531. * 1 0555 72 .00 -00 .00 9.
1 0150 23 .67 .08 .60 1B53. * 1 0600 73 .00 .00 .00 8.
1 0155 24 .68 .07 .61 2132. * 1 0605 74 .00 .00 .00 7.
1 0200 25 -67 .06 .62 2368. * 1 0610 75 -00 .00 .00 6.
1 0205 26 -07 .01 .06 2561. * 1 0615 76 .00 .00 .00 5.
1 0210 27 .07 .01 .06 2712. * 1 0620 7 .00 .00 .00 5.
1 0215 28 -07 .01 .06 2756. * 1 0625 78 -00 .00 .G0 1.
1 0220 29 .07 .01 .06 2672, * 1 0630 19 .00 .00 .00 3.
1 0225 30 .07 .01 .06 2457. * 1 0635 80 .00 .00 .00 3.
1 0210 31 .07 .01 .06 2111. * 1 0640 81 .00 .00 .00 2.
1 0215 32 .07 .01 .06 1706. * 1 0645 82 .00 .00 .00 2.
1 0240 33 .07 .00 .06 1376. * 1 0650 83 .00 .00 .00 2. |
1 0245 34 .07 .00 .06 1126. * 1 0855 a4 .00 .00 .00 1. t
1 0250 as .07 .00 .06 958 . * 1 0700 85 .00 .00 -00 1. ;
1 0255 36 .07 -00 .06 B46 . * 1 0705 86 .00 .00 -00 1.
1 0300 37 .07 .o .06 766, * 1 0710 a7 .00 .00 .00 1.
1 0305 38 .02 .00 .02 707. * 1 0715 [-X:] .00 .00 .00 1.
1 0310 39 .03 .00 .02 659, * 1 0720 B9 .00 .00 .00 1.
1 0315 40 .02 .00 .02 615, * 1 0725 90 .00 .00 .00 0.
1 0320 41 .02 .00 .02 571. * 1 0730 91 .00 Q0 .00 0.
1 0325 42 .03 .00 .02 524. * 1 0735 92 .0C .00 .00 Q.
1 0330 43 .02 .00 .02 472, * 1 0740 93 .00 .00 .00 Q.
1 0335 44 -02 .00 .02 421. * 1 0745 94 .00 .00 .00 0.
1 0340 45 -03 .00 -02 378. * 1 0750 95 .00 .00 .00 0.
1 0345 46 -02 .00 .02 342, * 1 0755 96 .00 -00 .00 0. -
1 0350 47 -02 .00 .02 314. * 1 0800 97 .00 -00 .00 0.
1 0355 48 .03 .00 .02 292, * 1 0805 98 .00 -00 G0 0.
1 0400 49 .02 .00 .02 273, * 1 0810 99 .00 .00 .00 0.
1 0405 50 .00 .00 .00 258. * 1 0815 1¢0 .00 .00 .00 0.
*
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TOTAL RAINFALL = 9.80, TOTAL LOSS = 2.95, TOTAL EXCESS = 6.85
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 8.25-HR
+  (CFS) {HR)
(CFS)
+ 2.25 565, 411. 411. 111,
{INCHES} 6.828 6.832 6.832 6.812
(AC-FT) 280. 281, 281. 281.
CUMULATIVE AREA = .77 SO MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX IMUM TIME OF E
OPERAT1ON STATION FLOW PEAK ARER STAGE MAX STAGE
. 6 -HOUR 24 -HOUR 72-HOUR -
HYDROGRAPH AT :
+ DVBRM 2756 . 2.25 565. 411, 411. .77 ‘

**% NORMAL END OF HEC-1 *%®%






