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 The Sanford Underground Research Facility (SURF) 

is located deep underground in the former Homestake gold 

mine in Lead, SD. In the labyrinth of tunnels surrounding 

SURF, there are numerous water microenvironments that 

are hypothesized to contain unique microbial communities 

of potential interest to microbiologists. Borehole water 

samples have been taken near the Davis Campus on the 

4850-foot level (Stetler 2015); these and three additional 

sites have been characterized by Osburn et al. (2014). 

However, water from the 4100-foot level and the 17 Ledge 

on the 4850-foot level has not been extensively 

investigated. 

 The objective of this study was to characterize 

water chemistry at distinct and previously unsampled 

locations in the tunnels surrounding SURF, with particular 

emphasis on those areas undergoing microbial study. 

 Test sites were located at the 4100-foot level (3 locations) and 4850-foot level (6 locations) of SURF (Table 1). In 

situ testing using Vernier probes was performed at each site. Filtered and unfiltered samples were taken aboveground and 

analyzed for other chemical parameters using HACH® kits, titrations, atomic absorption spectroscopy (AAS – Perkin Elmer 

AAnalyst 300), and inductively coupled plasma mass spectrometry (ICP-MS – Agilent 7900) at Black Hills State University 

(Table 2). Data between the levels was analyzed using t-tests, with significance predetermined at p < 0.05. 

Table 2. Sampling Methods 
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Table 3. Water Quality Characteristics from each Site 

 The differences in water chemistry among the sites could be due to differences in rock mineral composition and 

microflora associated with each sampling location. The unique water chemistry at each site suggests that there is either 

little water movement among the sampling locations, or water chemistry changes as a result of water moving from site to 

site underground.  For example, the relatively large differences in hardness between site 4100-2 compared to the other 

4100-foot locations would appear to indicate a different water source.  Although there is little published information 

regarding the underground water chemistry at SURF, the results of this study support those previously reported for two 

sites (17 Ledge and 4700 ramp) by Osburn et al. (2014). 

 This study is the first to report significant differences in water chemistry between levels at SURF. These differences 

include 100-fold differences in Ca2+ and Mg2+, 9-fold differences in total hardness, and 10-fold differences in hydrogen ion 

concentration. Although very complex and not well characterized, some of these differences may be explained by the types 

of rock the water has moved through before coming to rest at our sampling sites. Another important difference is that the 

4850-foot level was underwater from January 2008 until May 2009. This last explanation could be tested by further water 

surveys both above and below the 4530-foot level; the highest level to which the water rose (Heise & DUSEL Collaboration 

2010). Additionally, the higher sulfate levels in water from the 4100-foot level could be caused by sulfide-oxidizing bacteria 

(Voordouw et al. 1996). Rock chemistry likely explains the relatively similar sodium levels at both levels (Davis et al. 2003). 

These significant differences in water chemistry also suggests that significant differences in the microorganism populations 

should be found between these levels. 

 Manganese levels were very high in water from site 4100-1. This is most likely due to the high dissolved iron 

concentration of the water, since manganese is often found in iron-rich minerals (Nova Scotia Department of the 

Environment, 2008). Very high arsenic levels, exceeding normal arsenic levels in Black Hills water (0.4-4.2 μg/L) (Williamson 

and Carter 2001) as well as the US EPA drinking water standard of 10 μg/L (United States Environmental Protection Agency 

2001) were detected in the drift going to the 17 Ledge. This could be due to the samples actually touching the rock rather 

than sitting on a mud/sludge layer, because the rock surrounding SURF is naturally high in arsenopyrites (Davis et al. 2003). 

 The differences in magnesium and hardness from water collected at site 4850-4 in comparison to the other sites 

at the 4850-foot level could be because the water in this sample actually originated at the 4700-foot level. This sampling 

location was at a point where water from the 4700-foot level flowed down a ramp to the 4850-foot level. We do not know 

if samples taken from the 4700-foot level would produce similar results because we could not gain access to this level.    

 The results of this preliminary study describing the chemistry of water from different locations within SURF 

provide the basis for microbial research and further investigation into the sources and flow of water throughout the facility. 

Additional research is needed to determine the influence of rock mineral composition and microbiota on water chemistry 

at SURF, the possible movement of water among the sites, and the effect of flooding on the water chemistry of the 4850-

foot level.  

 Water chemistry at each sampling site was relatively unique (Table 3). Water from location 4100-1 had a higher 

concentration of dissolved iron than any other site. This sample also had a manganese level two orders of magnitude 

higher than water samples from the other two sites on the 4100-foot level. Site 4100-2 water had a much lower 

concentration of magnesium and lower total water hardness than water from sampling locations 4100-1 and 4100-3. 

Sampling site 4100-3 was the only location with water containing detectable levels of lead.  Water from site 4850-1 had the 

lowest conductivity of any location. At the 4850-foot level, water from location 4850-4 was much harder than water from 

any of the other sites at this elevation: the 17 ledge samples (sites 4850-1 and 4850-3) had soft water, while water from 

the 4850-5 and 4850-6 sites was moderately hard. Water from the drift between the Ross Campus and the 17 Ledge 

(Samples 4850-5 and 4850-6) had arsenic levels much higher than water collected from the other sites. 

 Several significant differences in water chemistry were observed between the 4100-foot and 4850-foot levels 

(Table 4). The 4100-foot level had significantly higher conductivity readings, concentrations of cations (with the exceptions 

of sodium and iron), and total hardness readings than the 4850-foot level. However, the 4850-foot level had significantly 

higher mean pH, dissolved oxygen, and total alkalinity values than the 4100-foot level. 

Table 4. Mean (SD) Water Quality Characteristics from each Level 
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