
Appendix F
Reclaim Pond Outlet Channel Sizing
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Calculation Documentation
Problem Statement:

The Chino Mines Company’s Cobre Mine (Cobre), in accordance with the New Mexico 
Environmental Department (NMED) and the Mining and Minerals Division (MMD) regulation, must 
produce a closure plan in the event of a mine closure. The Cobre Closure Plan (CCP) serves to 
prevent significant risk of environmental impact and loss of life in the event of a mine closure. The 
reclaimed Reclaim Pond (RRP), located to the north and upstream of Cobre’s Main Tailings 
Impoundment (MTI), must have a plan to be reclaimed in the event of a mine closure according to 
the CCP. As part of the plan, the RRP is to have an outlet channel installed to allow clean 
stormwater to flow freely from the basins located upstream and around the MTI where it will join 
Cobre’s stormwater conveyance network (PLAN, Telesto, 2023). The outlet must be built according 
to the New Mexico Office of the State Engineer’s (OSE) standards. Also, the outlet is to be designed 
to prevent any future long-term storage of stormwater in the pond and subsequently, infiltration of 
stored waters from the RRP into the MTI.

Approach:

1. Delineate basins upstream of the RRP.
2. Calculate PMP/PMF.
3. Develop stage-capacity relationship for RRP.
4. Determine proposed RRP outlet channel stage capacity.
5. Determine stage-capacity-discharge relationship for RRP and outlet
6. Determine peak stormwater inflow to RRP.
7. Determine if RRP outlet channel with a bottom width of 20 feet as proposed in the 2014 CCP 

is properly sized to convey the PMP runoff event from the RRP to the Grape Gulch Drainage.
8. Change design as necessary

Objectives:

1. Design and size a closure RRP outlet channel that will convey the PMP runoff event from the 
basins upgradient of the reclaim pond to the Grape Gulch Drainage following NMOSE 
guidelines for dam spillways (OSE 2021).

2. If proposed design is in-adequate, redesign to appropriate dimensions.
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Data and Assumptions:

1. Basin delineation:
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Data and Assumptions:

2. Basin data: All basin data was retrieved from the DP-181 stormwater runoff calculation 
report (Telesto, 2022) and are assumed to be the same as presented in the report.

Basin Area (mi2) Curve Number (CN) Lag Time (min)
Reclaim Pond 0.4156 76.4 11.7

MTI Top 0.2434 79.5 14.4
MTI-1 0.0572 71 5.9
MTI-2 0.014 80 2.3
MTI-3 0.0053 71 4.8

Basin Data

3. Routing data: Dimensions taken as measured or designed in AutoCAD. Manning’s n taken at 
0.03 for all reaches (Chow, 1959). The RRP outlet taken as a smooth and uniform excavated 
rock cut with a Manning’s n of 0.035 (Chow, 1959)
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Data and Assumptions:
4. PMP/PMF.

a) Basin shapefile (for REPS GIS PMP tool) (REPS, 2018). The PMP event is defined by 
the CO/NM REPS tool as required by the NMOSE dam spillway guidelines (OSE, 2021).
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Data and Assumptions:
4. PMP/PMF.

b) Unscaled hyetographs (OSE, 2021)

Time 1. Synthetic Time 2. Synthetic Time
3. Center-Loaded 

Synthetic
4. Multi-Pulse 

Synthetic
Minute

s
Unscaled Incremental 

Precipitation
Minute

s
Unscaled Incremental 

Precipitation
Hours

Unscaled Incremental 
Precipitation

Unscaled Incremental 
Precipitation

5 0.0045 5 0.0092 1 0.0060 0.0050
10 0.0070 10 0.0100 2 0.0061 0.0100
15 0.0120 15 0.0110 3 0.0062 0.0125
20 0.0190 20 0.0119 4 0.0063 0.0150
25 0.0308 25 0.0129 5 0.0064 0.0200
30 0.0406 30 0.0140 6 0.0065 0.0310
35 0.0749 35 0.0151 7 0.0066 0.0150
40 0.1340 40 0.0163 8 0.0067 0.0050
45 0.1570 45 0.0175 9 0.0068 0.0000
50 0.1280 50 0.0188 10 0.0069 0.0000
55 0.1050 55 0.0201 11 0.0071 0.0000
60 0.0910 60 0.0215 12 0.0073 0.0000
65 0.0462 65 0.0228 13 0.0075 0.0050
70 0.0345 70 0.0230 14 0.0084 0.0150
75 0.0255 75 0.0240 15 0.0091 0.0300
80 0.0225 80 0.0310 16 0.0100 0.0500
85 0.0160 85 0.0480 17 0.0109 0.0850
90 0.0140 90 0.0800 18 0.0120 0.0400
95 0.0100 95 0.0600 19 0.0132 0.0250
100 0.0080 100 0.0440 20 0.0148 0.0150
105 0.0060 105 0.0360 21 0.0165 0.0100
110 0.0050 110 0.0260 22 0.0180 0.0000
115 0.0045 115 0.0250 23 0.0197 0.0000
120 0.0040 120 0.0230 24 0.0215 0.0000
125 0.0030 125 0.0229 25 0.0231 0.0000
130 0.0030 130 0.0228 26 0.0251 0.0000
135 0.0040 135 0.0222 27 0.0273 0.0000
140 0.0050 140 0.0208 28 0.0296 0.0030
145 0.0060 145 0.0194 29 0.0329 0.0050
150 0.0180 150 0.0181 30 0.0370 0.0080
155 0.0060 155 0.0169 31 0.0450 0.0110
160 0.0050 160 0.0157 32 0.0950 0.0140
165 0.0040 165 0.0151 33 0.0570 0.0177
170 0.0030 170 0.0141 34 0.0490 0.0220
175 0.0020 175 0.0130 35 0.0410 0.0275
180 0.0010 180 0.0122 36 0.0360 0.0307

185 0.0113 37 0.0319 0.0391
190 0.0104 38 0.0307 0.1330
195 0.0096 39 0.0284 0.0620
200 0.0092 40 0.0262 0.0540
205 0.0088 41 0.0241 0.0421
210 0.0084 42 0.0221 0.0380
215 0.0080 43 0.0203 0.0342
220 0.0077 44 0.0186 0.0245
225 0.0073 45 0.0169 0.0197
230 0.0071 46 0.0154 0.0140
235 0.0070 47 0.0141 0.0080
240 0.0069 48 0.0128 0.0040
245 0.0066 49 0.0112 0.0000
250 0.0063 50 0.0095 0.0000
255 0.0061 51 0.0083 0.0000
260 0.0058 52 0.0075 0.0000
265 0.0056 53 0.0069 0.0000
270 0.0054 54 0.0066 0.0050
275 0.0052 55 0.0000 0.0250
280 0.0050 56 0.0000 0.0400
285 0.0048 57 0.0000 0.0150
290 0.0046 58 0.0000 0.0100
295 0.0044 59 0.0000 0.0050
300 0.0042
305 0.0000
310 0.0000
315 0.0000
320 0.0000
325 0.0000
330 0.0000
335 0.0000
340 0.0000
345 0.0000
350 0.0000
355 0.0000
360 0.0000
365 0.0000
370 0.0000
375 0.0000
380 0.0000
385 0.0000
390 0.0000
395 0.0000
400 0.0000
405 0.0000
410 0.0000
415 0.0000
420 0.0000
425 0.0000
430 0.0000
435 0.0000
440 0.0000
445 0.0000
450 0.0000

Local Storm (LS) Mesoscale with Embedded 
Convection (MEC)

Mid-Latitude Cyclone (MLC)
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Data and Assumptions:
5. Proposed outlet design.

a) Outlet cross-sections (Telesto, 2014)
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Data and Assumptions:
6. Assume CAT D10 Dozer to be used for RRP outlet bottom width construction

a) CAT D10 dozer dimensions (CAT, 2023)
i. Minimum outlet channel bottom width-

i. Use blade width of 13 feet
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Calculations:

1. Determine PMP (from REPS GIS PMP tool) (REPS, 2018)
a. Load GIS tool and basin shapefile to ArcMap

b. Run tool 
1. Area entered as 0.01 sqmi
2. Local storms run separately
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Calculations Cont’d:

1. Determine PMP (from REPS GIS PMP tool)
c. Results from tool

i. Tables

ii. Depth-duration curves
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Calculations Cont’d:

1. Determine PMP (from REPS GIS PMP tool)
c. Results from tool

iii. Depth-duration curves Cont’d
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Calculations Cont’d:

2. Develop stage-capacity relationship for basin reservoirs
a. Civil 3D

i. Create volume surfaces of reservoirs from existing topography in AutoCAD 
Civil 3D

ii. Analyze and export stage-capacity data to Excel
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Calculations Cont’d:

2. Develop stage-capacity relationship for basin reservoirs
b. Excel

i. Determine reservoir stage-capacity relationships within drainage basins

Contour Elevation (ft) Depth (ft) Cumulative Volume (Acre-ft) Contour Area (ft^2) (Incremental volume( Cuft) Cumulative Volume(Cuft)
6,996 0 0.00 162 N/A 0
6,998 2 0.03 1,288 1,297 1,297
7,000 4 0.06 132 1,222 2,519
7,002 6 0.20 4,150 6,182 8,701
7,004 8 0.42 5,672 9,783 18,484
7,006 10 0.72 7,220 12,861 31,345
7,008 12 1.09 8,733 15,929 47,274
7,010 14 1.52 10,286 18,998 66,271
7,012 16 1.71 225 8,021 74,293
7,014 18 2.34 15,553 27,671 101,964
7,016 20 3.13 19,000 34,496 136,460
7,018 22 4.07 22,051 41,014 177,474
7,020 24 5.15 24,983 47,004 224,478
7,022 26 6.37 27,910 52,866 277,344
7,024 28 7.72 31,027 58,910 336,253
7,026 30 9.23 34,862 65,853 402,106
7,028 32 10.93 39,042 73,865 475,971
7,030 34 12.82 43,567 82,567 558,538
7,032 36 14.93 48,391 91,916 650,454
7,034 38 17.27 53,416 101,766 752,220
7,036 40 19.83 58,150 111,533 863,753
7,038 42 22.62 63,475 121,586 985,339
7,040 44 25.65 68,594 132,036 1,117,375
7,042 46 28.92 73,987 142,547 1,259,922
7,044 48 32.46 79,973 153,921 1,413,843

MTI-1 Reservoir Capacity

Depth at each contour 
elevation

Area at each contour interval, 
from AutoCAD Civil 3D

Contour Area* Incremental 
depth (2ft)

Summation of all incremental 
volumes at each contour 
elevation

Cumulative volume converted 
to Acre-ft
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Calculations Cont’d:

2. Develop stage-capacity relationship for basin reservoirs
b. Excel

ii. Determine reservoir stage-capacity relationships within drainage basins
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Calculations Cont’d:

2. Develop stage-capacity relationship for basin reservoirs
b. Excel

iii. Determine reservoir stage-capacity relationships within drainage basins

Contour Elevation (ft) Depth (ft) Cumulative Volume (Acre-ft) Contour Area (ft^2) (Incremental volume( Cuft) Cumulative Volume(Cuft)
7,050 0 0.00 201 N/A 0
7,052 2 0.02 769 908 908
7,054 4 0.07 1,459 2,192 3,100
7,056 6 0.15 2,214 3,648 6,747
7,058 8 0.21 280 2,188 8,936

MTI-3 Reservoir Capacity
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Calculations Cont’d:

2. Develop stage-capacity relationship for basin reservoirs
b. Excel

iv. Determine reservoir stage-capacity relationships within drainage basins
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Reduction of volume is due to 
a volumes of material within 
the reservoir area that reduce 
capacity. Volume measured in 
Civil 3D (Telesto, 2022).
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Calculations Cont’d:

3. Determine proposed outlet channel stage-capacity (Chow, 1959)
a. Excel

i. Use Manning’s equation to calculate the stage-capacity of the proposed 
outlet channel

Bw

s

Where: 
A=Cross-sectional area (sqft)
D= Depth (ft)
Bw= Bottom width (ft)
s= Side Slope (ft/ft)
P=Wetted perimeter (ft)
R=Hydraulic Radius (ft)
Q= Flow though channel (CFS)

S

Cross Section Side View

Eu
Ed

L
Su Sd

= + ( )= + 1 + =
=Slope: (Eu-Ed)/L

L=Sd-Su
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Calculations Cont’d:

3. Determine proposed outlet channel stage-capacity
a. Excel

ii. Develop stage-capacity-discharge relationship for RRP and outlet
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Calculations Cont’d:

4. Determine peak stormwater inflow to RRP (OSE, 2021)
b. HEC-HMS Model

i. Input basin data, routing data, and reservoir data
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Calculations Cont’d:

4. Determine peak stormwater inflow to RRP
b. HEC-HMS Model

ii. Input storm unit hyetographs as precipitation gages
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Calculations Cont’d:

4. Determine peak stormwater inflow to RRP
b. HEC-HMS model

iii. Set compute ratio for precipitation equivalent to calculated PMP rainfall 
for each storm event
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Calculations Cont’d:

4. Determine peak stormwater inflow to RRP
b. HEC-HMS model

iv. Run model for each storm scenario
v. Determine PMF to RRP

PMF inflow
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Calculations Cont’d:

4. Determine peak stormwater inflow to RRP
b. HEC-HMS model

vi. Develop inflow/outflow relationship of RRP with proposed outlet design 
under PMF conditions
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Calculations Cont’d:

5. Minimum feasible bottom width
a. Change bottom width of channel

i. Use minimum feasible bottom width for channel construction to reduce 
time under construction and costs of construction. Assume use of CAT 
D10 Dozer for bottom width (13ft) channel construction.

Repeat Manning’s equation for outlet channel capacity and develop stage-
capacity-discharge relationship

Change to  bottom 
width of 13 feet
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Calculations Cont’d:

5. Minimum feasible bottom width
a. Change bottom width of channel

ii. Repeat Manning’s equation for outlet channel capacity and develop stage-
capacity-discharge relationship
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Calculations Cont’d:

5. Minimum feasible bottom width
a. Change bottom width of channel

iii. Update HEC-HMS model and rerun with outlet channel bottom width of 13 
feet
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Calculation Documentation
Results and Discussion:

PMP/PMF
1. As determined in Calculation 4.b.v, the PMF resulting from all four PMP scenarios was 

the 2-hour Local Storm with synthetic distribution. It generated a peak inflow of  
5363.8 cubic feet per second of stormwater runoff into the RRP.

Proposed outlet channel
1. As shown in Calculation 4.b.vi, the outlet channel is capable of conveying flow from 

the RRP with no spilling of stormwater from the RRP. The RRP pool elevation only 
reaches a maximum of 16.1 feet and a storage of 179.5 acre-ft. This is equivalent to 
7.8% of the overall capacity of the RRP.

2. The pool elevation drains away from the crest just after reaching its peak elevation. 
The pool elevation returns to less than 0.1 feet at 15 hours after its peak.

3. However, the bottom width of the channel could be smaller in an effort to reduce 
construction costs and time spent in construction.

Changed channel bottom width to blade width of CAT D10 dozer
1. As shown in Calculation 5.a.iii, the outlet, when the bottom width is adjusted to 13 

feet, still only allows for a maximum storage of 179.5 Acre-ft and a pool elevation of 
16.1 feet. This is equivalent to 7.8% of the overall capacity of the RRP.

2. The pool elevation still returns to less than 0.1 feet in 15 hours after its peak.
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Calculation Documentation
Recommendations:

1. The outlet should be designed as shown in Data and Assumptions, Section 5.a (Profiles and 
Sections, Telesto, 2023), but the bottom width of the channel should be changed to 13 feet 
as opposed to the proposed 20 feet bottom width.
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Calculation Documentation
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