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Date: 10-15-18 
From: Evan Canfield 
To: Brian Powell 
Subject: July 17, 2017 Watershed Yield Data 
 
Background: 
SWCA (08-28-2012 [SWCA 2012]) provided an estimate of 4.3% reduction of flow at the Davidson 
Canyon confluence, citing the method of Zeller, 2011.  Pima County has long contended that the 
methods used by Hudbay to estimate the contribution of the watershed occupied by the proposed 
mine to Davidson Canyon and the Outstanding Arizona Waters (OAW) is underestimated (e.g 
comment #2 (Pima County’s response to Westland Resources et al. (2016)).  The data summarized 
by Water and Earth Technologies in Hudbay’s July 17, 2017 transmittal to William James, U. S. Army 
Corps, indicate that the fraction of flow generated on the mine site contributing to Davidson Canyon 
is much greater than the fractions presented by Hudbay. 
 
Datasets: 
The data presented by Water and Earth Technologies (WET) with the contributing watershed is as 
follows: 

  
Table 1 

Ac-ft Runoff (from WET, June 2017) 

  

Area   
(sq. 

mi) * 2013 2014 2015 2016 
Davidson at DC-3 50.5 24.05 86.72 204.64 >219.62 
Barrel at USGS 14.1 42.02 58.68 186.91 168.07 
Barrel at BC -2 13.83 18.93 99.81 127.83 149.55 
SC-6 3.1     39.23 >6.72 
SC-4 2.44     52.05 90.09 
MC-4 2.29     19.14 1.78 
MC-3 1.75     185.96 432.25 
TC-4 1.41     0.47 0.0001 
TC-3 0.87     0.87 0.0002 

 
* From USGS site data or USGS Streamstats, based on coordinates provided by WET 

 
This original relationship by Zeller, 2011 is: 
 

𝑄𝑄𝐴𝐴𝐴𝐴 = (8.44885𝑥𝑥10−6)𝐴𝐴0.9821 𝑃𝑃2.1198𝐸𝐸1.2101 
 

QAA – Average annual runoff (acre-ft) 
A – Area in (square miles) 
P - Annual Precipitation (inches) 
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E – Mean Elevation (feet) 
 
The simplified relationship cited in SWCA 2012 assumes a constant elevation and annual precipitation, 
so that the regression equation is based solely on the watershed area.  While Pima County contends that 
assumption underestimate the importance of these inputs, the estimates using area as the only variable 
demonstrate a dramatic underestimate when compared to the observed data. 
 
Using a ratio approach where the fraction from the portion of the watershed contributing to Davidson, 
the Zeller (2011) approach would mean that 29% of the flow at Davidson DC-3 could have come from 
Barrel). 
 
In fact, comparing the observed measurements for the period from 2013 to 2016 (based on data in 
Table 1), the fraction contributing from Barrel is always more than half of the observed flow at Davidson 
(Table 2 and Figure 1). 
 

Table 2 – Fraction of the Observed Flows Contributing to Davidson 
 

  Davidson at DC-3 Barrel at USGS Barrel at BC-2 
  50.5 (sq. mi) 14.1 (sq. mi) 13.8 (sq. mi) 
Zeller (2011) 100% 29% 28% 

2013 100% 175% 79% 
2014 100% 68% 115% 
2015 100% 91% 62% 
2016 100% 77% 68% 
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A similar argument could be made for the smaller, more-recently gaged watersheds on the mine site, 
though results would be more variable because of the smaller dataset, and local rainfall variability. 
 
Conclusion: 
 
Hudbay in their 2017 letter to U. S. Army Corps focuses on the observed flows being less than the model 
predictions: 
 

…..As we have stated, the 1,404 acre-feet per year is approximately 10 times any flow volume 
that we have seen using an average 18-inch per year rainfall for the calculations.  
(cover page of 07-17-17 data transmittal). 

 
However, their consultant’s datasets attached to the transmittal letter confirm that flows from the mine 
site to Davidson Canyon are  significantly higher than predicted by the Zeller method, and the estimate 
of 4.3% reduction in flows to Davidson indicated in SWCA 2012.  Outflows predicted by the Zeller 
method cannot be considered “conservative” based on the observed data.  Barrel watershed’s observed 
outflows during 2013-2016 provided more than half of the observed flows to Davidson.  
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