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TECHNICAL MEMORANDUM
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From:  Steven T. Finch, Jr., Principal Hydrogeologist-Geochemist, JSAI
Annie McCoy, Senior Hydrogeologist, JSAI

Date: September 1, 2015

Subject: Estimated evaporation rate for future Copper Flat open pit

As discussed in the Copper Flat Project groundwater-flow model report (JSAI, 2014), potential
evapotranspiration (ET), or the maximum evaporation and plant transpiration that can occur
given full availability of water, is a function of geographical and climatic conditions, and is
commonly estimated using the Penman-Monteith equations (Monteith, 1965). These relate
maximum ET (ETo) to meteorological parameters including temperature, relative humidity and
wind speed, and to geographical parameters (altitude, latitude, and time of year). Annual ETo
computed from results at Hillsboro meteorological station is about 60 in./yr, which compares
well to previous estimates (SRK, 1997) of 65 in./yr of potential evaporation, and 64.6 in./yr
estimated as 74 percent (an accepted conversion factor for the region (NOAA, 1982) between
pan evaporation and evaporation from a normal open water surface) of Copper Flat pan
evaporation. Actual evaporation or ET is less, depending on sun and wind exposure, ground
conditions, and availability of water.

If ETo is estimated to be 60 to 65 in./yr at the rim of the ultimate Copper Flat open pit (where
the prior land surface intersects the open pit), ETo will be somewhat less at the bottom of the
ultimate open pit due to the fact that the bottom of the pit will have less exposure to sun and
wind compared to the rim.

To estimate ETo for the bottom of the ultimate Copper Flat open pit, the duration of sunlight at
analogous established open pits was evaluated using the “sunlight across the landscape™ tool in
Google Earth, for the date April 29, 2015. April is a month with close-to-average duration of
sunlight (as are the months of March, September, and October; Dunne and Leopold, 1978).
Table 1 presents a summary of hours of sunlight for analogous pits ranging in depth from
300 to 1,400 ft.
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Table 1. Summary of hours of sunlight for selected open pits

in New Mexico and California, April 29, 2015

rim bottom sunlight at sunlight at bottom / rim
pit elevation, elevation, rim, bottom, sunlight
ft amsl ft amsl hours hours ratio
Cabre pit, 6:30t0 19:30 = 9:30t0 18:30 =
SW NM 6,800 6,300 13 hours 9 hours 0.69
Santa Rita pit, 7:00t0 19:50 = 9:30t0 16:30 =
SW NM 6,600 5,200 12.5 hours 7 hours 0.56
Tyrone main pit, 6:30t0 19:30 = 8:30t0 17:30 =
SW NM 6,200 4,900 13 hours 9 hours 0.69
CHMRP pit, 7:30t0 19:30 = 8:45 t0 16:00 =
N. NM 7,100 6,800 12 hours 7.25 hours 0.60
Colosseum pit, 8:00 to 19:00 = 9:00 to 16:00 =
S.CA 5,800 5,400 11 hours 7 hours 0.64
average 12.3 hours 7.85 hours 0.64

CHMRP — Cunningham Hill Mine Reclamation Project
ft amsl — feet above mean sea level

SW - southwest
N. — north
S. —south

Pan evaporation data were collected at the Cunningham Hill Mine Reclamation Project
(CHMRP), near the rim of the open pit in June 2000, and at the bottom of the pit between
April and July 2011 (JSAI, 2011). Pan evaporation was higher at the rim, despite higher
summer precipitation in 2001 compared to 2011. The pan evaporation data were interpreted to
represent an average evaporation rate of about 60 in./yr at the rim, and 54 in./yr at the bottom.

CHMRP evaporation data were used for an upper bound of 90 percent, in terms of percentage
of evaporation at the rim that represents actual evaporation at the bottom of the pit, and the
average sunlight ratio presented in Table 1 was used for a lower bound of 64 percent. For the
ultimate Copper Flat open pit, actual evaporation at the bottom of the pit was assumed to be
50 in./yr, which is 77 to 83 percent of ETo values 60 to 65 in./yr estimated at the rim.

The estimate of 50 in./yr evaporation for the ultimate Copper Flat open pit is also in close
agreement with the estimate of open water evaporation of 53 in./yr for the North Mine Area
(Santa Rita pit) at Chino Mine in southwestern New Mexico (Golder, 2005).
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