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EXECUTIVE SUMMARY 

A pilot project was completed in which a ranking scheme was developed to assess the relative 
potential of inactive and abandoned mines in the state of Nevada to impact water quality. This ranking 
scheme uses existing data and was applied in Clark County to serve as a test case. Geographic, hydro- 
logic and geologic information was compiled and assembled into a geographic information system (GIS) 
database. Using data relevant to the evaluation of potzntial environmental impacts of abandoned mines, 
mining areas were ranked according to relative risk of water quality degradation. Natural hazards associ- 
ated with a particular deposit type are the focus of this work because insufficient data are available on the 
presence of processing chemicals at a site or other chemicals introduced during mining or milling. 
Hence, this model does not address chemicals introduced by man (e.g., cyanide or mercury use for amal- 
gamation), and this aspect may be a significant factor at some sites in an all-inclusive ranking system. 

In order to assess the potential of mine sites to adversely affect water quality from leaching of the 
various mineral deposits, four main factors are considered: (1) the type of geologic deposit in the mined 
area, (2) the availability of water to interact with the deposit, (3) the distance to 'affected waters,' and (4) 
the total number of nlining excavations in the area. Mineral deposit type is critical in determining the 
likelihood of water quality degradation because the deposits are the potential source of elevated metal 
concentrations. We have derived a deposit classification scheme based on (1) the abundance of pyrite, 
calcite and other minerals that could generate or neutralize acidity, and (2) the abundance of environmen- 
tally sensitive trace elements such as Pb, As, and Hg. Areas with higher precipitation and lower evapo- 
transpiration (ET) are more likely to result in water percolation into mining waste dumps, and ultimately 
in leachate formation, than sites with lower precipitation and higher ET. Sites with similar geology and 
climate will be more likely to impact shallow rather than deeper groundwaters, and will impact surface 
waters close to the mining site to a greater extent than distant waters. Given the same hydrologic and geo- 
logic setting, the greater the number of mining excavations and dumps, the greater the likelihood of water 
interaction with geologic materials that were exposed through mining activities, and which would not 
have been exposed in the absence of mining. These various factors and their interrelationships are com- 
bined to assess which mining sites in Clark County are more or less likely to result in adverse environ- 
mental impacts through water quality degradation. The results of this type of ranking can be used to pri- 
oritize sites for additional study. Results from the current work can also be used to further refine and cali- 
brate the initial model developed here to be more realistically applicable to the remainder of the state. 

For the purposes of computations, Clark County was subdivided into 21,241 1-kmQells, each of 
which was assigned a ranking from which priorities for additional studies can be set. Total risk values for 
the cells range from 1 to 85,269. Only five of these 1-km' cells were ranked in the highest 10% of the 
numeric values in the county. The highest ranking sites in Clark County occur in the following mining 
districts: Alunite, Eldorado, Goodsprings, and Searchlight. The highly ranked cells in the Eldorado, 
Goodsprings, and Searchlight districts have very high numbers of mining features, and moderately highly 
ranked deposit types (polymetallic vein and mafic intrusive Ni-Cu-platinum group elements). The cells in 
the Alunite district have moderate numbers of mining excavations, yet have the highest ranked deposit 
type (quartz-alunite). Waters have been collected from three of the highly ranked grid cells as part of a 
separate project, and none of the sites had particularly poor water quality, yet aLl exceeded the Nevada 
drinking water standard for total dissolved solids. Therefore, even highly ranked sites in Clark County are 
not necessarily associated with adverse environmental impacts, and it is expected that other portions of 
the state will have a higher potential of adverse impacts on water quality because of higher rainfalls and 
lower ET than in most of Clark County. 

We currently have insufficient data to rigorously evaluate and calibrate the model. For instance, 
very high modeled values are more likely to be associated with sites that could result in adverse environ- 
mental impacts than sites with low values. However, it is not specifically known how much higher the 
actual risk would be. Some revisions to the initial model presented here should be evaluated and 



considered in future work. The revisions identified in the current work include: (1) de-emphasizing the 
weighting of the number of mining excavations; (2) de-emphasizing the effects of evapoconcentration in 
weighting of the shafts; (3) placing greater weight on the deposit type; and (4) identifying differences 
between the various polymetallic vein deposits in the state. In order to better evaiuate the existing model 
in an unbiased manner, field evaluations of selected grid cells should be conducted to assist in model cali- 
brations, and to determine how ranking numbers should be grouped for prioritization of sites (i.e., is a 
rank of 10,000 significantly different than one of 20,000?). These questions can only be resolved through 
field evaluation of our model. This pilot study in Clark County resulted in a numerical classification 
scheme which can now be tested, modified as needed, and used throughout the state of Nevada to help pri- 
oritize abandoned mine sites. 

INTRODUCTION 

Abandoned hard rock mines have been called "a serious threat to public health and safety" (USGS, 
1995; King, 1995). This issue is particularly important in Nevada, which probably contains a greater 
number of mines than any other state. There are 526 mining districts in the state (Tingley, 1992), each 
containing as many as 2,000 separate mining related excavations. Recognizing the large number of aban- 
doned mines in the western U.S., the Bureau of Land Management (BLM) set forth a strategy for imple- 
mentation of an Abandoned Mined Land Inventory (BLM, 1993). The Nevada Bureau of Mines and 
Geology (NBMG) is contributing to this effort by providing GIs databases of information compiled from 
existing sources of data. In support of this overall effort, NBMG was asked to develop and implement a 
numerical classification scheme with the use of GIs to help evaluate abandoned mines for their potential 
to result in water quality degradation. Following compilation of relevant data and development of a proto- 
type model, Clark County was selected for application of the model as a pilot study for the state of 
Nevada. 

Clark County is the most populous county in the state of Nevada, and numerous mineral deposits 
throughout the county have produced or have been prospected for gold, silver, copper, nickel, uranium, 
colemanite, silica, limestone and gypsum (Tingley, 1992). Because Clark County is populous and arid, 
groundwater quality is a particularly vital issue. Clean water supplies are increasingly needed in Clark 
County due to the expanding population, yet there are numerous active and inactive mines in the county 
(i.e., see Longwell et al., 1965 for deposits of Clark County, and Tschanz and Parnpeyan, 1970 for 
deposits of Lincoln County). Given the large number of abandoned mine sites and the associated data in 
this county, it is prudent to utilize a system allowing visualization and correlation of relevant data to help 
in evaluating which mine sites may have an impact on water resources. A Geographic Information Sys- 
tem (GIs) is ideally suited for visualizing and evaluating large amounts of spacial data. 

Although the number and size of abandoned mine sites in Clark County is probably less than in 
other counties in Nevada, their potential impacts on surface and groundwater, and ultimately to the popu- 
lation, is a concern. At present, the potential adverse effects of abandoned mine sites on surface and 
groundwaters is unknown. Clearly, it is not feasible to conduct detailed characterization at each mine site 
and excavation in the county or the state, yet it is prudent to evaluate existing data in order to identify 
potential adverse effects that particular abandoned mines may have on local surface waters and groundwa- 
ters. Following identification of abandoned mines which may threaten the quality of potable water cur- 
rently or potentially in use, more detailed studies may be required to determine the extent to which water 
is being contaminated, and how to mitigate the adverse effects. 

PURPOSE 

The purpose of this work is to develop an automated numerical ranking scheme for the state of 
Nevada, the results of which can be used to evaluate abandoned mine sites for additional studies based on 
their relative potential to result in water quality degradation. Another purpose of this work is to document 
the compilation of relevant geographic, geologic and hydrologic data for Clark County. An inventory of 



abandoned mines in the County has been compiled, and the data are used with the developed model to 
evaluate potential impacts of abandoned mining sites on surface and groundwater quality. Numerous data 
collection sites occur throughout the district. Clark County alone contains 629 of the MILS (Minerals 
Availability System, 1994) sites in Nevada along with 215 sites from the MRDS (U.S. Geological Survey 
(USGS), Mineral Resource Data System), and 204 sites from the NBMG Geochemical data sets. Hydro- 
logic data used in this work are contained in the U.S. Environmental Protection Agency STORET 
database (which contains USGS WATSTORE data). The compilation and construction of maps discussed 
here are used to identify (1) known abandoned mine locations, (2) data gaps, (3) potential adverse impacts 
on surface waters and groundwaters, (4) possible improvements and refinements to the initial model, and 
( 5 )  sites potentially requiring additional, more detailed studies. 

METHODS 
Compilation and Manipulation of Existing Data 

NBMG has compiled an abandoned mine GIs database that emphasizes data used to rank aban- 
doned mine sites by their relative risk to result in adverse environmental impacts via either acid leachate 
generation or mobility of elevated metal concentrations into local surface waters and groundwaters. Sev- 
eral factors are relevant in evaluating these risks at a particular abandoned mine site. Both hydrologic and 
geologic data are used in calculations to estimate the relative ranking of the mine sites. These various 
parameters are listed below, and described in greater detail in the subsections that follow. 

Geologic Parameters Hydrologic Parameters Physical Information 

Mineralldeposit type Precipitation Number of shafts 
Host rock Evapotranspiration Number of adits 

Depth to groundwater Number of pits 
Distance to surface water Area of waste dumps 

Area of tailings ponds 
Area of tailings piles 
Milllsmelters 

The county was gridded into I-km cells for use in the GIs calculations (GRID, ESRI, 1991). All of the 
previously noted parameters are incorporated into the calculations such that the relative risks in a cell, 1 
krn square, within the grid of the County can be estimated. i' 
Mifzernl Deposit Clnssij5cntion 

One of the most critical factors in assessing the potential environmental impact of an abandoned 
mine is the kind of mineral deposit the mine exploited. We have devised a mineral deposit classification 
scheme for all sites in Nevada, and have classified every mining area in Clark County according to this 
scheme. Further, we have assigned a numeric ranking from 1 to 100 for each deposit type (Table 1). A 
value of 1 indicates a very low potential for adverse environmental impact, whereas a value of 100 indi- 
cates the greatest potential for impact from the deposits. To understand the rationale for doing this, one 
must understand what a mineral deposit is. 

In general, a mineral deposit is a natural concentration of chemical elements and minerals in the 
Earth's crust. Deposits are broadly considered metallic or nonmetallic. Examples of metallic deposits 
include gold (Au), lead (Pb), and copper (Cu); examples of nonmetallic deposits include gypsum 
(CaS042H20), clay, sand and gravel. Every chemical element is present in all natural material at some 
concentration, but most rocks contain far too little of an element to be mined economically. For example, 
the average abundances of gold (Au), copper (Cu), and lead (Pb) in the crust are about 0.004 ppm (parts 



per million by weight), 55 ppm, and 12.5 pprn, respectively (Levinson, 1974). Minimum concentrations 
necessary for mining depend upon many factors, including the presence of other mineable minerals, total 
tonnage of a deposit, location and difficulty of mining, processing costs, and regulatory requirements. 
Nevertheless, typical minimum grades for Au, Cu, and Pb are 0.7 ppm (0.02 oz/ton), 3000 ppm, and 5000 
ppm (Cox and Singer, 1986), or enrichments of 50 to 400 times over average crustal concentrations. 
Average grades in mined deposits typically are several times the minimum values (Cox and Singer, 1986). 
Element enrichment is necessary to create mineral deposits but is also a potential problem because some 
elements that are enriched in mineral deposits, such as Pb, As, or Hg, can be environmental hazards. 

Mineral deposits are also enriched in specific minerals. Pyrite (iron disulfide; FeS,), is a common 
mineral in many metallic deposits, although it is not normally itself an ore mineral (Park and MacDi- 
armid, 1975; Cox and Singer, 1986). Pyrite is stable in the high-temperature, un-oxygenated environ- 
ments in which many ore deposits form. However, it breaks down in oxidizing environments, for exam- 
ple, where exposed at the earth's surface by natural erosion or by mining excavations (Ficklin et al., 1992, 
1994). Oxidation of pyrite, marcasite (another form of FeS,) and, to a lesser extent, other sulfide miner- 
als, generates acidity by the following reactions: 

7 
FeS, + - 0, + H 2 0  = ~ e "  + 2 ~ 0 , ~ -  + 2H" 

2 (1) 

FeS, + 2H20 + 40, = FeOOH + 2 ~ 0 , ~ -  + 41-1' (2) 

These reactions are responsible for creating what is generally termed acid mine drainage. Acid 
water is itself a problem for human use and for many aquatic species, and acidic water can contain greater 
concentrations of some potentially toxic elements, such as Pb, than can neutral water. 

Forhnately, other natural reactions, particularly with the common, rock-forming minerals calcite 
(CaC03) or dolomite (CaMg[C03],), neutralize acidity: 

Oxidation of pyrite, acid generation, and acid neutralization are all natural processes that occur in 
and around mineral deposits regardless of mining activity (Ficklin et al., 1992, 1994; Plumlee et al., 
1992). However, mining changes the natural setting by allowing greater access of rain, surface water, or 
groundwater to the deposits which were previously not exposed at the surface. Underground workings 
provide pathways for surface water to enter and react with a deposit. Waste rock taken from a mine and 
disposed on the surface is more accessible to rainfall, percolation and runoff. Moreover, the waste is bro- 
ken up so that the surface area available for reaction is greatly increased. 

Mine water need not be acidic to be a problem. Several trace elements that are concentrated in 
Nevada mineral deposits are soluble in neutral water, including As, Hg, and Se. Naturally high concentra- 
tions of these elements, particularly As, have been found around urnlined deposits (Welch et al., 1988; 
Lico, 1992). 

Recognizing these deposit characteristics and geochemical processes, we have devised a classifica- 
tion based on the occurrence and abundance of chemical elements, such as Au, Pb, and Cu, and of associ- 
ated minerals, such as pyrite, calcite, and gypsum (Table 1). This information can be used to make initial 
predictions about the quality of water that would result from interaction with rock at a particular mine and 
deposit. Our classification is developed for use throughout Nevada. Types that occur in Clark County, the 
pilot study area, are shown in bold on Table 1. Several examples of mineral deposit types that are com- 
mon in Clark County illustrate how rankings were assigned to them. 



One of the most abundant mineral deposit types in Clark County is 67, base metal skarn and 
replacement. Most of the deposits in the Goodsprings and Charleston districts west of La5 Vegas are of 
this type. These deposits are enriched in Pb, Zn, Cu, and many other elements and contain abundant 
pyrite. However, base metal replacement deposits invariably form in limestone, which contains abundant 
calcite. Therefore, any acid water created by oxidation of pyrite should be quickly neutralized. Acid 
drainage from abandoned base metal mines is unlikely. Additionally, although some of rhe elements con- 
centrated in these deposits are of environmental concern, such as Pb, Zn, and .4s, all but As are only solu- 
ble in acidic water. Therefore, these elements are unlikely to occur in high concentrations in water drain- 
ing from abandoned mines. This deposit type, hence, has a relatively low ranking of 20 (Table 1). 

Deposit types #lo, quartz-adularia precious metal, and #11, quartz-alunite precious metal, illustrate 
the importance of differences in mineral constiruents. Both types are enriched in Au, As, and other ele- 
ments. I-Iowever, quartz-adularia deposits generally contain lesser amounts of pyrite than do quartz- 
alunite types, and far greater amounts of calcite and other minerals that wiU neutralize any acid water that 
is produced from oxidation of sulfides. Therefore, mine drainage from quartz-alunite deposits is much 
more likely to be acidic and to carry high concentrations of metals. These differences are reflected in 
their rankings: 10 for quartz-adularia, and 100 (the highest value) for quartz-alunite. 

Because Clark County is expanding rapidly, mines and quarries for #23 gypsum, #24 clay, and #25 
sand and gravel are common. With rare exceptions, these deposits do not contain pyrite and are not 
enriched in metals. Therefore, mine drainage is not acidic and does not carry significant concentrations of 
metals. These deposit types were assigned a low ranking: 1 for these industrial mineral types, and 8 for 
saline minerals. In addition, placer deposits (type 14) typically do not contain pyrite and are similarly 
assigned a low weighting factor of 1. 

Our numeric rankings were tested and further calibrated using an initial sampling program from 
abandoned mines in Nevada funded by the U.S. Environmental Protection Agency through the Western 
Governor's Association (Price et al., 1995). Waters draining from adits or standing in shafts were ana- 
lyzed in this work. Highly acidic water was found in quartz-alunite deposits (type l l) and in an unusual 
type of quartz-adularia deposit that does not occur in Clark County. Moderately acidic water was found 
in porphyry deposits (type 5 )  and in a small percentage of polymetallic vein deposits (type 6). All other 
deposit types sampled and that occur in Clark County, including mafic intrusive (type I), tungsten vein 
(type 3), base metal skarn and replacement (type 7), and saline mineral (type 23) had water with neutral 
pH. These results are reflected in the categorizations of Table 1, which assigns the highest value of 100 
(greatest potential environmental impact) to quartz-alunite deposits, moderately high value of 50 to poly- 
metallic vein, and a low value of 20 to base metal skarn. 

This deposit classification scheme (Table 1) works well for many of the deposit types because many 
deposits have a fairly narrow range in characteristics (e.g., metals and pyrite content). However, much 
greater variability is observed in other categorized deposit types. For instance, large variabilities occur in 
trace metal abundances in polymetaLlic vein deposits. This type of deposit is also very heterogeneous in 
its pyrite content. Hence, a more thorough classification scheme could be devised which accounts for 
these large variations. I-Iowever, the currently available data are inadequate to allow for finer subdivisions 
of this type of deposit. During ranking of abandoned mine sites present in polymetallic vein deposits, it 
should be recognized that very good and very poor quality waters have been associated with this deposit 
type in different locations in Nevada (Price et al., 1995). 

Different mineral-deposit classification schemes are possible ,and have been devised and used for 
mineral exploration (e.g., Cox and Singer, 1986; ). In some cases, these schemes recognize more than 
100 deposit types. In addition to being cumbersome, classifications for exploration are not intended for 
predicting environmental impacts, the purpose of our study, so these were not used here. Our scheme was 
developed and used in preference to use of specific entries of chemical analyses from the NBMG 
database, or the use of commodities, property types, size and mill method derived from the MILS/MRDS 
database as is used in the U.S. Bureau of Mines (1993) ranking scheme. The reason for using a more 



generalized classification scheme is that it is likely that many of the areas do not contain data for some, or 
all, of the parameters listed above. Without complete data from an area, it's ranking is in serious question. 
With the deposit classification scheme, areas containing mining disturbance were classified using readily 
available published information. W~th these data, large groups of gridded areas were selected using 
ArcView 11, and an entry on deposit type was added to all MILS/MRDS data points lying within the 
selected area. 

Next, the entirety of each mining district (Tingley, 1992) was assigned the deposit type assigned to 
the greatest number of MILS/kRDS points within the district, In many cases, more than one deposit type 
was found within a particular mining district. In these cases, these different deposit types were retained 
for the particular 1-km grid cell to which they were initially assigned. In this way, all grid cells within a 
mining district boundary have a deposit type classification assigned to them, whether or not shafts or adits 
are present. Some shafts and adits are located outside of mining districts, yet also have a deposit classifi- 
cation associated with them. However, 29 individual grid cells have shafts or adits, yet no deposit classifi- 
cation could be assigned to these locations due to lack of information. Hence, only the physical hazards 
could be calculated for these grid cells because these are not a function of deposit type (physical hazard 
grid cell numbers 1, 2, 3, 7, 9, 10, 11, 12, 22, 29, 30, 31, 52, 53, 33, 56, 82, 86, 143, 144, 146, 147, 159, 
164, 175, 213, 250, 353, 353 ,  and caution should be exercised when interpreting final rankings of these 
@id cells. 

Host Rocks 

Different mineral deposit types typically occur in specific types of host rocks. Therefore, host rock 
is inherent in our mineral deposit classification. However, we have also independently determined the 
host rock for each deposit as a check on the classification. This was done by digitizing the geologic map 
of Clark County (Longwell et al., 1965), which shows what type of rock occurs at the surface throughout 
the county. Host rock determined by the two methods agree. 

Precipitation 

Precipitation data for Nevada were acquired from the U.S. Soil Conservation Service, and the data 
supplied were calculated using the PRISM method (Daly et al., 1993). The PRISM model uses linear 
regression to obtain precipitation for the state of Nevada as a function of topographic and elevation 
effects. The PRISM model used three climate datasets to create the precipitation maps: (1) the National 
CGrnatic Data Center 1961 to 1990 dataset from the National Weather Service Cooperative Network, (2) 
the Natural Resources Conservation Service (NRCS) SNOTEL (SNOwpack TELemetry) dataset, and (3) 
datasets submitted by the State Climatologist. PRISM uses a 3-arc second Defense Mapping Agency dig- 
ital terrain elevation dataset in calculating the spatial distribution of precipitation (Natural Resource Con- 
servation Service, 1995). Monthly average precipitation data from PRISM were used in the current study 
along with monthly evapotranspiration as one factor influencing the likelihood of adverse environmental 
impacts from abandoned mines. 

The Nevada PRISM dataset was evaluated by the Nevada state climatologist. It was found that the 
PRISM data tended to overestimate precipitation at the higher elevations because the model uses a con- 
stant linearly increasing precipitation with elevation model based on data from lower elevation stations, 
when in fact, there is an elevation above which this relationship does not hold true (John James, pers. 
comm. 1995). This effect appears to be more reliably accounted for in southern Nevada (John James, 
pers. cornrn., 1995), which is the area of interest in the pilot study. Extrapolation of the ranking model to 
the remainder of Nevada may require corrections to be made to the precipitation data at higher elevations 
in the northern part of the state. 

As one component of evaluating the potential for adverse environmental impacts from abandoned 
mine sites, an empirical method was used to estimate evapotranspiration for the state of Nevada 
(Shevenell, 1995; 1996). For instance, leaching of rocks in waste rock dumps is more likely to occur in 



areas with high precipitation rates, and low evapotranspiration (ET) rates than in areas with high ET and 
low precipitation. A state-wide GIs model was constructed at the Nevada Bureau of Ivfines and Geology 
which estimates ET for each of the 12 months of the year (Shevenell, 1995; 1996). These coverages were 
used as part of the overall ranking scheme described in the Model Formulation section. 

Although ET occurs through sublimation during periods of freezing, when snow is present ET val- 
ues are assigned a value of zero. In the model used, ET calculated using temperatures are always negative 
when temperatures are below freezing, and hence, these values are reset to zero. Percolation will gener- 
ally not occur during winter months at locations covered with snow, and an ET value of zero will not bias 
results when the objective is to determine the times of maximum likelihood of percolation. The ET data 
mimic the topography, with lower ET occurring at the higher elevations. This is in contrast to precipita- 
tion data in which higher precipitation is associated with higher elevation. The resulting contour of ET 
for the state, provides a realistic regional view of the variability of ET in the state by latitude and ele- 
vation. 

Percolation is more likely to occur during particular months in certain parts of the state at particular 
elevations. January is the month with some of the highest precipitation at all stations in Nevada (see Fig- 
ures 1 and 2 for examples of northern and southern Nevada precipitation and ET values), and evaporative 
demands are low. However, if average temperatures are less than freezing, the precipitation falls as snow, 
and does not pose a risk of leachate generation during January, but rather, later during snowmelt. Hence 
temperatures are relevant in determining which month has the maximum likelihood of production of 
leachate, and temperature is a function of both latitude and elevation. Based on temperature data from all 
stations in southern Nevada (Western Regional Climate Center), the average monthly temperahires for the 
coldest month at a l l  southern Nevada stations located at elevations <3,900 ft are >32OF, indicating rain 
generally occurs during the coldest month which has the lowest ET rates. For these lower elevation sta- 
tions in southern Nevada, January appears to be the month with the maximum potential for water infiltra- 
tion due to relatively high precipitation rates and low ET. However, at some sites, the water deficit in the 
soil produced during the previous year may be rather large and consume much of the January precipita- 
tion. For a precipitation event to result in recharge, the amount of precipitation must exceed the ET 
demands for the following days as well as exceed the existing soil water deficit from the previous season. 
Hence, infiltration nlay not occur past the soil zone until February, given suitable pr~ipitation. A study 
near Beatty, NV showed such an effect in recharge studies during 1968, 1973 and 1976, though the study 
indicated that recharge was unlikely to occur in vegetated areas (Nichols, 1987). Kevertheless, infiltration 
of water into the soil zone was seen to occur during January, and thus water would be in contact with and 
reacting with any mining waste during this month, but may not be mobilized and recharged to deeper lev- 
els until additional rain events in February. 

The timing of maximum percolation potential in other elevations and parts of the state can be more 
variable than for the low elevation areas in southern Nevada. Even though many stations throughout the 
state show snowpacks during March through May, melting and runoff also occur intermittently during 
these months, with the snow pack being more persistent at the higher elevations. Snow is often transient 
at intermediate elevations (e.g., 3,900 to 6,000 ft) and melts off relatively rapidly between storms. The 
maximum potential for leachate generation likely occurs during April and May in northern Nevada when 
most melting and runoff occur. 

Due to the relatively high temperatures during the months of June through September throughout 
the state (Houghton et al., 1975), it would appear that there is littIe potential for leachate generation at 
many elevations due to high evaporation rates. I-Iowever, during these months, flash flooding events can 
occur which will result in some infiltration, yet mass transport is more important than rock leaching. 
High intensity rainfall usually results in greater amounts of ninoff than infiltration (Nichols, 1987). 
Although ET may be higher and precipitation lower in the months of April through June (or July) than in 
colder months such as January, comparison of ET versus precipitation data should not be conducted on a 
monthly basis for the state as a whole. Higher precipitation and lower ET occur in January versus May or 



June, yet percolation is limited in norther Nevada at lower elevations, and likely absent at higher ele- 
vations in January due to the presence of snow. In contrast, lower precipitation occurs in spring months 
when ET is higher, yet water which may percolate originates from rain occuring during the particular 
month, as well as from melt water from snow accumulated over the previous months. The relationship of 
the amount of precipitated water to consider in any ET versus precipitation calculations will vary tempo- 
rally and spatially in a fashion which is not easily predictable. Hence, there are uncertainties related to 
identifying which month may result in maximum leachate generation as a result of percolation potential 
being at a maximum. Therefore, in future state-wide modeling efforts, yearly average ET and precipita- 
tion values should be used to evaluate percolation potential. 

Depth to Grorincl~t~ater 

Water levels in wells are routinely measured in Las Vegas Valley by the Las Vegas Valley Water 
District and by the U.S. Geological Survey in areas within and outside of the Las Vegas Valley. However, 
the vast majority of the measurements are in Las Vegas Valley. Selected municipal pumping and injection 
wells, domestic water supply wells, rural and public wells are monitored on a monthly basis. Data from 
the monitoring of these wells was provided by the Las Vegas Valley Water District, and the USGS Water 
Resources Division GIS personnel in Carson City. Data for March and September 1993 and 1994, and for 
September 1989, 1990, 1991 and 1992 were requested in order that seasonal and temporal changes in 
water levels could be identified. 

These data files are included as a coverage in the GIs database. However, insufficient data were 
available on water level on a county-wide basis from which reliable water level contours could be con- 
structed. Hence, general trends in these water level depth data and DEW1 (USGS, 1990) elevation data 
were consulted. Probable water level depths were assigned to each 1-km grid cell based on these data 
types. Sites at higher elevations generally have deeper water tables than those at lower elevations in the 
valleys, although there are exceptions, particularly in the case of perched water tables. In general, deeper 
waters (i.e., >I00 ft deep) under higher elevation peaks are far less likely to be adversely impacted by the 
abandoned mine sites than are shallow (210 ft) groundwaters. The range of elevations was subdivided 
such that three separate weighting factors were assigned to the different inferred water level depths 
throughout the range of elevations. Only three subdivisions were assigned because of the uncertainties in 
the assumptions of water level depths below particular elevations. For instance, although deeper waters 
are generally expected beneath ridges, rather than valleys, high elevation perched water tables are possi- 
ble, yet available data are insufficient to detect these types of variations in depth to water. Shallow water 
tables, on the other hand, are generally associated with valley floor locations, which are often discharge 
locations, hence a high weighting should be associated with these areas. 

Distntlce to Szlr$ace Water Drainages 

Major surface water features were incorporated as a GIs coverage for with the data originating 
from U.S. GeoData 1:100,000 digital line graphs (USGS, 1994). Within a 1-krn grid cell, the center point 
of the ceLl was determined. The distance between this center point and the closest surface water was cal- 
culated, because the closer a stream to abandoned mine features within the grid cell, the greater the poten- 
tial for its being adversely impacted by the mine sites. The surface waters occurring in Clark County in 
the digital file were attributed as follows: 

Column A Column B 
Shoreline Indefinite shoreline 
Man-made shoreline Apparent Limit 
Closure line (water-water) Dam or weir 
Rapids 
Stream 
Ditch or canal 



Aqueduct 
Wash or ephemeral drain 
Right bank 
Left bank 

Left bank and right bank are noted for waters which are sufficiently wide (e.g., Colorado River) for 
the two sides of the river to be digitized separately. Left and right bank are defined with the viewer look- 
ing downstream. Two separate categories were selected with all entries in the column A being usecl in the 
model, and all items in the column B being eliminated from the dataset. In addition, a minor code 
attribute is associated with all of the above names which indicates if the the feature is intermittent. 
Although there is no way to determine the frequency with which the various intermittent streams or 
washes may flow, water is clearly present in the intermittent features much less frequently than in the 
perennial streams and rivers. This aspect is considered in the Model Formulation section by including 
two separate terms for surface water. One includes the perennial surface waters, and the other includes 
the intermittent surface waters, which are weighted at 5% of the weighting of the perennial surface waters 
because, in general, they are likely to be far less important than the perennial waters. W e n  both types of 
surface water are associated with a grid cell, the perennial water will dominate. However, many grid cell 
centers may be at distances > I  km from a perennial surface water. In these cases, the perennial surface 
water term is set to zero, and the intermittent term is the one defining the surface water risks. 

Nlmber of Shafts, Ariits, Waste Dwtlys nttci Pits 

Point locations for shafts, pits, adits, prospects, and waste dumps were digitized from 7.5' quadran- 
gle maps. These data, excluding prospects which are assumed to be small, insignificant features, are rele- 
vant because a site with larger numbers of mining excavations, or greater areal coverage of waste, may 
have a higher risk of adverse environmental impact in a given geologic and hydrologic setting. Clearly an 
area with no mining excavations will result in no hazard to the environment from abandoned mine sites. 
Excavations and mine dumps potentially expose rock to waters resulting in a higher probability of adverse 
impacts on local waters than if no mining had taken place. Larger numbers of excavations, and geater 
areas of dumps, result in greater surface areas over which waters can interact with disturbed rock. The 
greater the number of mining excavations and dumps, the greater the likelihood of water interaction with 
geologic materials which were exposed through mining activities, and which would not have been 
exposed in the absence of mining. Clearly, even one adit in a geologic setting such as in a quartz-alunite 
deposit can be associated with poor water quality. However, ten excavations in the same deposit type 
have even greater potential to impact water quality. Hence, the total number and size of mining features 
may be relevant in assessing the potential of abandoned mine sites to result in water quality degradation, 
and the number of these features was incorporated into the model in the initial, pilot study. 

When the area of a waste pile, leach pad, tailings pile, pond or pit was noted on these maps, the out- 
lines were digitized in order that an area of the feature could be determined. If it was noted that a pit 
occurred near a feature identified as tailings on the 7.5' quadrangles, aerial photographs were consulted to 
determine if the feature was indeed a tailings pile, or if it was actually a waste rock dump. In several 
cases, the features identified as tailings were re-digitized to reflect the fact that part or all of the area was 
actually a waste rock dump. These dumps ranged in size from 1,300 to 104,484 rn', whereas the tailings 
piles were up to 2,000,000 m! and the tailings ponds up to 2,500,000 m' in area. Clearly, many of the 
dumps and tailings encompass more than one grid cell. Hence, relative rankings for these features were 
based on the percentage of the I-krn grid cell which was covered with the dump or tailings. For instance, 
if 100% of the grid cell area was covered by tailings, the cell was assigned a high weighting factor of 10 
for the feature. If only 10% of the cell was covered with tailings, a low weighting factor of 1 was 
assigned. Tailings include ore material, high metals contents, and possibly sulfides, as well as chemicals 
(e.g., cyanide) used in leaching, whereas waste rock dump likely have lower contents of metals, and no 
processing chemicals. Hence, it is assumed that given an equivalent area of tailings and dumps, that the 



dumps should result in lower risk to the environment due to the lower metals and chemical contents. 
Therefore, in the ranking equations presented in a later section, dumps are weighted at 80% of the full 
weight of the tailings and leach ponds. 

Mills ntzd Smelters 

The presence of mills and smelters within an abandoned mine area was determined by searching the 
MILS and MRDS (USGS Minerals Information Office, Mineral Resource Data System) databases com- 
piled. If there were no MILS/MRDS data points within a grid cell, i t  was assumed that no mill occ~ued 
within the cell. The reliability of the MILSiMRDS data on precious metal mills were evaluated by con- 
sulting with individuals familiar with historical mining and milling in the state (J. Tingley, pers. cornrn., 
11/95) and by consulting the yearly Nevada Bureau of Mines and Geology publication 'The Nevada Min- 
eral Industry,' available for the years 1979 to 1993 (KBMG Special Publication MI-1979 through 
MI-1994, 1979-1993). Several of the MILSfMRDS sites listing data for mills or mining operations were 
achially never functional (J. Tingley, pers. comm., 11/95). Most of the 69 kfILS/MRDS sites in Clark 
County are Listed as sand, gravel, gypsum or other industrial minerals, and there is no reason to believe 
that there are errors in these particular citings of mills. However, several of these mills were constructed 
for promotion only and and these mills were never operated, yet some of these sites appear in the 
MILS/MRDS database. Hence, these sites were eliminated from the subset of the data used in the current 
work if no independent information on the mill site confirmed its presence. 

Thirty-nine gold or precious metal mills are noted in the NBMG Mineral Industry reports for the 17 
years for which records were maintained. Thuty-three of the MILS/MRDS sites were apparently milI 
sites for gold/precious metals, onIy 17 of which are identical to 17 of the 39 sites noted in the NBMG 
reports. One of the MILSIMRDS sites appeared to be a duplicate, and was deleted; nine sites likely never 
had an operating mill, and these were also deleted from the data set. At four of the sites, it was possible 
that a mill had operated, though this could not be verified. Hence, these possible gold milling operations 
were given a lower ranking than other gold sites due to this uncertainty (ranking of 4). Other gold pro- 
cessing mills (19 total) were given a ranking of 6. All industrial types of minerals were given a ranking of 
1. The sites indicating the processing of copper were given a rank of 9. 

Ranking of Mine Sites by Relative Risks to the Environment 

In this section, a scheme is described by which abandoned mine sites can be ranked by their relative 
risk to result in adverse environmental impacts via either acid leachate generation or mobility of elevated 
metals concentrations into local surface and groundwaters. Several factors are relevant in evaluating the 
risk of adverse environmental impacts at a particular abandoned mine site, and these data have been 
described in the previous sections. These various parameters are evaluated along a grid of Clark County, 
where the areas investigated are 1 krn on a side. 

Moclel Form~rlntiorz 

The calculated and extrapolated ET values are used in conjunction with precipitation, geologic 
information, and numbers of mining features, to compare the different abandoned mine sites for their rela- 
tive potential to produce acid leachate or result in metal mobility. Data were compiled for Clark County 
to be used as a test case for the model. Each 1-krn grid cell within the county was searched for the pararn- 
eters noted previously. A linear classification scheme was developed such that individual factors are 
weighted. Sites with similar numbers of excavations will not necessarily rank the same because one site 
may be closer to surface waters or lie above a shallow water table, whereas another site may be more dis- 
tant from surface and groundwaters. The effects of the quantity of precipitation minus ET vary depending 
on which types of features are present. With low precipitation and high ET, a site may be ranked lower if 
the site dominantly contains waste piles and adits (where infiltration is imponant), but may be ranked 
higher if it contains open pits or leach ponds because a small amount of water may pool and be in contact 
with the rock, and evaporation may help to concentrate contaminants. Hence, the range of precipitation 
minus evaporation value (PE; see equations 6 through 8) are subdivided and weighted as indicated in 



Table 2. The PE values show that weighting factors are higher for higher PE values when considering 
dumps and tailings piles (PE'; see equations 6 through 8), and lower for higher PE values when consider- 
ing shafts and pits. 

The following equation was used to calculate relative risk of adverse environmental impacts at the 
gridded locations. The equation used in this work is composed of five terms comprised of risks to 
groundwater supplies, risks to nearby surface waters and intermittent streams, physical hazards associated 
with human entry, and risks related to mill processing which may have occurred at a site, 

Risk = Groundwater + Surface Water + Intermittent SW + Physical + Mill Type ( 5 )  

Note, because Clark County has few mills, most sites have no risk associated with a mill. The formula- 
tion of each of the terms follows: 

Surface Water = ((((S + P) x PE + (Pd x PE)) x 0.75 + (6 )  

Intermittent Surface Water = [Surface Water] x 0.05 (7) 

Groundwater = (((S + P) x PE + Pd x PE + A x PE' + (8) 

Physical Hazards = (1 0 x S) + (7 x P) + (4 x A) (9) 

Mills = MT (10) 

Explanation of the variables follows: 

S = number of shafts in the 1-km grid cell. Weightings listed in Table 2. 

P = number of pits and snip mines in the 1-km grid cell (excluding sand, gravel, and borrow pits, and rock 
quarries). Weightings listed in Table 2. 

Pd = area of tailings ponds in the 1-km grid cell. 

L = area of leach pads in the 1-km grid cell (none appear on 7.5' quadrangles within Clark County). 

A = number of adits in the I-km grid cell. Weightings listed in Table 2. 
i 

T = area of tailings piles in the 1-km grid cell.. 

D = area of waste rock dumps in the 1-km grid cell (none located on 7.5' quadrangles within Clark 
County). 

PE = precipitation minus evaporation with lower values being associated with greater weighting factors 
(greater risk). Weightings listed in Table 2. 

PE' = precipitation minus evaporation with lower values being associated with smaller weighting factors 
(lesser risk). Weightings listed in Table 2. 

DC = deposit classification scaled according to the values in Table 1. 

SW = distance to surface water, scaled (weighted) according to the values in Table 2. The factor of .75 
in the first term is included to account for the fact that leachate from shafts, pits and ponds is more 
likely to affect groundwaters than surface waters because these features have boundaries and may 
result in vertically downward flow as a result of increased hydraulic heads as the features fill. 

GW = depth to groundwater, weighted according to the values in Table 2. 



M T  = mill type. 

The range in areas digitized from 7.5' topographic maps was calculated for each category (Pd, T, D, 
L) and was converted to a scale from 1 to 10 depending on the percentage of the cell which was covered 
with the feature. The physical hazard component of the equation was calculated assuming that shafrs pro- 
duce the greatest hazard of a person inadvertently falling, pits secondary because they may be more visi- 
ble, and adits less hazardous because one must deliberately enter these features. Hence, each of these 
physical hazards were weighted by these relative hazards of shafts, pits, and adits. 

Equations 5 through I0 were used at each 1 km grid cell in the county to calculate the relative rank- 
i n g ~  of each cell. Figures 3 and 4 illustrate how rankings were calculated using these equations and Table 
2. Note that each of these figures illustrates an example grid cell which does not precisely correspond 
with the 1 krn grid cells formed in the GIs calculations. The figures are for illustrative purposes only and 
show one site with many mining excavations, and moderately weighted deposit classification (Figure 4), 
and another site with much fewer excavations but the most highly weighted deposit classification (Figure 
3). Within each of these cells, the number of mining features was counted, and these values, along with 
the weighting factors from Table 2, appear in the table to the right of the illustrated cell. In Figure 3, there 
are 5 shafts, 3 adits and no noted pits, tailings or mine dumps. The deposit classification is quartz alunite, 
which has a weighting factor of 100 (the highest value in Table 2). From topographic contours, the aver- 
age elevation at the site is approximately 2600 ft, which corresponds to a groundwater weighting factor of 
9 on Table 2, No perennial surface waters are within 3000 ft of the cell (weighting of 0), whereas inter- 
mittent water is very close (<lo0 ft) to the center of the grid cell (weighting of 10). From the GIs 
database, the PE contour through this cell has a value of -20 mm, which corresponds to a PE weighting of 
9 and a PE' weighting of 2 (Table 2). These various weightings are inserted into equations 5 through 10 
(see Figures 3 and 4). For the example cell in Figure 3, the cell has a ranking number of 0 for SW, 2550 
for intermittent SW, 45,900 for groundwater, 0 for mill type, and a final ranking of 48,512. Because the 
total range of values for surface waters and groundwaters is large and similar to one another, and that of 
the physical hazards and mills is small, and are similar to one another, the rankings in the cells are gener- 
ally best evaluated by comparing the individual rankings separately, rather than in a combined form as in 
equation 5. 

RESULTS 
Data Compilation 

Existing data, along with the latitude, longitude, elevation and site name, were compiled into an 
ArcInfo accessible database including the following data files: 

EarthInfo datafSTORET Major element chemistry of waters 
Trace element chemistry of waters 
field parameters for sampled waters 

Digitized County Geologic Map 1:250,000 scale geologic map 
faults 

MILS data mine type, lithologies, presence of millslsmelters 
commodities, deposit type and size 
alteration, rock type, etc. 

MRDS data mine type, lithologies, presence of millsfsmelters 
commodities, deposit type and size 
alteration, rock type, etc. 

NBMG rock geochemical data percent major oxides 
trace element concentrations 

1992 Soil Conservation Service Precipitation point data 



Evaporation data 

TIGER FILES 
USGS lOOK DLG (USGS, 1994) 
Latitude, Longitude lines 
7.5' quadrangle boundaries 
1 X 2" quadrangle boundaries 
Corinty boundaries 
Mining district areas 
Active mine sites 
7.5' quadrangle digitized shaft, pit, adit locations 
7.5' quadrangle digitized waste dump areas 
7.5' quadrangle digitized leach pad areas 

Calculated from 220 yrs of temperature data 
for all available stations 
Road network 
Major rivers and streams 

Calculated Grids 

Values were calculated for all variables noted in equations 6 through 10 based on the weightings 
indicated in Tables 1 and 2. Figures 5 through 8 illustrate selected grids constructed in GIS in this pilot 
project. Although all figures were originally constructed in color with 10 separate subdivision, figures are 
illustrated here in black and white with five separate subdivisions. The lowest subdivision includes origi- 
nal categories 1 and 2 (lowest ranking), whereas the highest subdivision includes original categories 9 and 
10 (highest ranking). The grids (not shown here) for the physical types of hazards (i.e., shafts, adits, pits 
and tailings piles) were constructed by counting the number of each of these features within a 1 km cell, 
and assigning a weighting factor to the grid based on Table 2. For instance, if there were three shafts and 
one pit within a particular cell, the shaft grid cell was assigned a value of 3 and the pit grid cell was 
assigned a value of 4. In the case of the tailings, if 35% of a particular grid cell was covered with a tail- 
ings pile, the cell was assigned a weighting factor of 4. These designations were made in this initial 
model development because it was assumed that the greater the surface area and number of mining exca- 
vations within an area, the greater is the opportunity for waters to interact with materials disturbed 
through mining. Hence, given the same deposit type, there is a greater chance for waters to interact with 
disturbed materials when there is a greater amount of this material present. 

The grids for surface waters and groundwaters appear in Figures 5 and 6. These grids were con- 
structed in a similar fashion to those for the physical characteristics based on data in Table 2. Figure 5 
shows the perennial surface water grid. The intermittent surface water grid is not included here, yet it is 
essentially composed of a weighting for every grid cell in the county, exclusive of the main perennial 
waters shown in Figure 5.  Figure 7 shows the grid constructed from the weightings of the precipitation 
minus evaporation which were used to estimate risks associated with shafts and pits (equations 6 - 8). 
The lower PE values are associated with greater evaporation in the PE term. In the case of pits, higher 
evaporation could result in evapoconcentration of the waters, and hence lower values are associated with 
higher weighting factors as indicated in Table 2. No plot of the PE' grid is included here because it is 
essentially opposite to the one depicted in Figure 7. Finally, the grid constructed for the deposit classifi- 
cation appears in Figure 8. A listing of the mining districts and commodities associated with the large 
numerals on Figure 8 appears in Table 3. 

Ranking of Sites in Clark County 

Using the previously noted grids (e.g., Figures 5 through 8), and equations 6 through 10, a risk 
number was calculated for each of the following: physical hazards (Figure 91, risks to surface waters 
(Figure lo), risks to intermittent surface water, risks to groundwater (Figure 1 I),  risks associated with mill 
type (Figure 12), and total ranking of the site based on the summation of the grids (Figure 13). These 
maps are included to illustrate how an automated, calibrated ranking scheme can be used to visualize 



areas of higher and lower potential for environmental impacts. Because the magnitude of the different 
rankings differ, in practical applications it will likely be better to compare the individual rankings between 
sites rather than the total, summed ranking. 

Figures 9-13 illustrate how various stages of a final ranking scheme could be used to help identify 
areas more likely to contain poor water quality. Table 4 lists the range of values associated with each of 
10 equal subdivisions of the ranked values. On Figures 9 - 13, only five subdivisions are noted and they 
correspond to the combined categories of 1 and 2, 3 and 4,  5 and 6, 7 and 8, and 9 and 10 listed on Table 
4. The total risk values in the 21,241 cells in the grid ranged from 0 (no mining excavations) to 85,269 
(Table 5), but it is emphasized that these are relative numbers, and the particular values have no absolute 
meaning. 

Table 6 lists the frequency in the grid at which each feature has a weight of 1 to 10. In the physical 
hazards grids (number of shafts, adits, etc.), the majority of the features show large numbers of cells with 
low weightings (weightings of 1 or 2) indicative of few mining excavations within the cells. A small per- 
centage of the cells have high weightings of 10, indicating that very few 1 krn cells have a large number 
of mining excavations (10 cells have >9 shafts, 11 cells have >9 adits and 3 cells have 3 pits). Note that 
most cells in the county (>20,990 cells, or >%YO of all cells in the county) have no mining features (Table 
6). In contrast, numerous cells (15,760) had a high weighting factor for groundwater, and hence, this 
parameter often dominates the total calculated risk in equation 10 when there are mining excavations pre- 
sent in the grid cell (see Table 7). The groundwater numbers (Table 7), derived from the groundwater grid 
noted in Table 6, generally dominate the total risk value, except in the case of cell 170 in the Goodsprings 
district, where surface water risks are also high. Table 5 shows that few cells have high rankings for any 
of the individual factors considered, which suggests that few sites in Clark County are likely to adversely 
impact the environment. 

Using the pilot study model, the highest ranking sites in Clark County occur in the following min- 
ing districts: Alunite, Eldorado, Goodsprings and Searchlight. Given that the Alunite district contains the 
deposit with the highest weighting factor, it is likely that highly ranked sites in this district should be 
investigated in the field. Table 8 lists the higher ranked cells of the grid in all the mining districts in the 
county. Most areas have very low potential for adverse environmental impacts. In future field work, the 
five 1-krn cells with ranked values of 10 in Table 8 (in bold) should be investigated to begin a determina- 
tion of mining hazards in this county. Table 7 lists the highest ranked grid cells in the county for the four 
mining districts listed with the greatest potential for adverse impacts. In most cases, the most significant 
risk is to the groundwaters in the district. However, two cells in the Eldorado district indicate a significant 
risk to surface waters, and one cell in the Goodsprings district also indicates risks to surface waters. Most 
of these highly ranked cells also indicate that risks to intermittent surface waters are possible. However, 
because water flow in these features is only likely to occur infrequently, the model equation weights these 
at only 5% of the surface water risks. Hence, these values are much lower than most surface or ground- 
water risks. Waters have been collected from three of the higher ranked grid cells (173, 258 and 272) as 
part of a separate project (Price et al., 1995). All three sites have elevated TDS, yet none of the sites had 
particularly elevated trace metal concentrations. Therefore, these water chemistry data also indicate that 
even relatively highly ranked sites in Clark County may not necessarily be associated with adverse envi- 
ronmental impacts. 

Model Performance 

For the purposes of discussion and comparison, the total ranking is referenced below, although in 
practical applications it may be better to evaluate each factor separately. The total risk values ranged from 
1 to 85,269, but it is emphasized that these are relative values, and the particular values have no absolute 
meaning. We assume, for instance, that a value of 40,000 is "worse" than a value of 10,000, yet the 
degree to which it is worse needs to be tested from (1) available data, which are incomplete (and are dis- 
cussed below), and (2) field studies. Figures 3 and 4 show cells with total ranks of 48,512 (rank of 6, 



Table 4) and 61,101 (rank of 8, Table 4). Although Figure 3 shows a site with potentially the most haz- 
ardous deposit type, few mining excavations occur within the example grid cell. The area of Figure 4, on 
the other hand, has many mining features, but a less hazardous deposit. Nevertheless, the overall ranking 
of Fignire 4 is higher than Figure 3 because the number of mining excavations is so much larger (21 in 
Figure 4 versus only 8 in Figure 3). Even though these two example sites have apparently different rank- 
ings, both sites may need to be visited to further evaluate potential adverse environmental impacts. For 
instance, only 8 cells in the county had total ranking values of >48,000, whereas the other 468 cells with 
mining excavations had values <48,000. Hence, a value of 48,000 may not really be significantly differ- 
ent than a value of 61,000 in the current, uncalibrated scheme. 

Once the ranking was conducted on each grid cell in the county, selected sites with high and low 
potential for adverse environmental impacts were chosen for evaluation of the ranking. The calculation 
scheme described above is tested at sites where data are available from either NBhIG August, 1995 sam- 
pling sites (Price et al., 1995), NBMG rock geochemical data, or from the EPA STORET database (Earth- 
Info, 1993). Note that most ranked grid cells did not have any of these three types of associated data and 
comparisons of rankings with other sites could not be made. The EPA database was searched for water 
quality to determine if any of the highly ranked abandoned mine sites are associated with poor surface or 
groundwater quality. 

The grid cells which have a s s ~ i a t e d  KBMG rock or water chemistry data, or STORET data, were 
selected and tabulated in Table 9. Note that the NBMG rock geochemical data are from samples collected 
from mine dumps, and hence, all analyses are biased toward samples collected in more mineralized areas. 
Multiple entries after a well,or spring in a particular cell indicates that there was more than one such fea- 
ture for which data were available within the cell. Rankings and relative differences between selected 
water and rock chemical parameters do not correlate directly for several reasons. Data for each of the 
parameters listed were not available for both waters and rocks at all of the sites. In addition, it is highly 
unlikely that geologic features within any given grid cell are homogeneous. Whereas a particular deposit 
classification is associated with each cell, it may not occur throughout the cell, and a well or spring water 
may be representative of waters issuing from a different geologic setting in the cell. For instance, domes- 
tic water wells would be more likely to be sited in a non-mineralized area to avoid potentially elevated 
metals in the drinking water. 

Nevertheless, there appears to be a general correlation between measured chemistry in mineralized 
rock and cell rankings in the Searchlight district (cells 374, 430, 443). Higher Pb and Zn concentrations 
occur in the higher ranked cells: 

Cell# Rank Pb (ppm) Zn (ppm) 
374 14,620 150 35 
43 0 42,596 2,000 75 0 
443 47,216 15,000 800 

These data indicate that the results of the ranking scheme are consistent with data collected from mineral- 
ized rock. No water analyses were available in these cells from which additional evaluations could be 
made. Limited data preclude making additional comparisons of this type. 

In summary, we currently have insufficient data to rigorously evaluate and calibrate the model. In 
order to evaluate the existing model in an unbiased manner, field evaluations of selected cells should be 
conducted (1) to assist in model adjustments and calibrations, and (2) to determine how ranking numbers 
should be grouped for prioritization of sites. These field studies may demonstrate that all rankings 
between some range of lower values indicate nearly equal, low environmental risk and should be grouped 
into one category not to be considered in future field evaluations. Again, for example, selected grid cells 
with higher values may show some indication that additional detailed studies are warranted at all sites 
with values in excess of a particular value. These questions can only be resolved through field evaluation 
of our model. 



Comparison of rankings for a small number of sites in the state for which water samples are avail- 
able reveals that parts of the model will require refinement before a rigorous state-wide ranking can be 
conducted. Sufficient data have not yet been compiled in the remainder of the state for the GIs ranking to 
be conducted and compared to the Clark County values. However, available data from existing GIs cov- 
erages and water chemistry (Price, et al., 1995) can be used to begin evaluation of the current model and 
identify parts of the model requiring refinement. GIS databases were used to identify mining excavations, 
distances to surface waters, etc. for sites where water samples were collected by NBMG in August of 
1995 (Price, et al., 1995). All mining excavations in the state have been digitized and a 1 km grid for the 
state was constructed in order to identify the number of features within a grid. This new grid did not pre- 
cisely correspond with the one constructed for Clark County alone. In addition, in order to compare sites 
throughout the state, the average yearly precipitation minus evapotranspiration was calculated and it's 
value at each sampling point recorded. Distances of sampling points to surface waters and groundwaters 
were estimated from GIS coverages of DLG surface water locations and elevation maps. All the various 
data were recorded and entered into a spreadsheet in which various calculations could be changed in an 
attempt to better calibrate the model to reflect the poor water quahty noted during field sampling at some 
of the sites. 

The spreadsheet calculations were first made using the original pilot study model, which weights 
the number of mining excavations heavily. This method clearly weights the number of excavations too 
heavily as site rankings correlated poorly with the presence of either good or poor water quality. Hence, a 
variety of changes were made to the original model in an attempt to improve the ranking. For instance, as 
noted previously, evapoconcentration of waters in shafts is likely to be much less than in pits. The high 
ranking can also be attributed to the manner in which PE is assigned to shafts. Because precipitation 
minus evaporation is a large negative number, PE has a high weight of 9 because water in shafts and pits 
can become evapoconcentrated. However, it is likely that the amount of evapoconcentration occuring in 
any given shaft is much less than would occur in a pit because of the much smaller surface area of water 
in the shaft, and the depth of this water below ground surface. One method to account for this would be 
to weight the PE term for shafts at only 10% of that for the pits, for example. When this is done for an 
example grid which ranked unrealistically high (CL-778), the revised total ranking of the cell was reduced 
by approximately 50%. However, because shafts tap groundwaters, it may be more realistic to multiply 
this factor by the same factor (PE') as for the adits because much of the water intersect by shafts is 
groundwater which also must have percolated through the unsaturated zone. In addition, rather than 
counting the number of excavations, their presence or absence was included in the model by assuming a 1 
if present, 0 if not present. 

In future modeling using the general approach described here, additional experimentation should be 
conducted to identify the best way to adjust .the various factors such that the model more realistically 
shows the water quality trends identified from field sampling. The various factors which will require 
adjustment from the pilot study model include: de-emphasizing the weighting of the number of mining 
excavations, de-emphasizing the PE weighting of the shafts, and placing greater weight on the deposit 
type. Some of these changes resulted in notable improvements in the predictive capabilities of the model 
for the limited number of sites where water samples are available. 

Table 10 lists weighting factors, rankings, and selected, relevant chemical data for sites where water 
quality data are available (Price et al., 1995). All calculations on this table were conducted using the 
excavations noted on the newly formed state-wide grid. Sample locations for these sites are illustrated in 
Figure 14. Many of the lower ranked sites have relatively good water quality based on samples collected 
within the grid. The sites within the highest weighted deposits rank higher than any of sites within the 
lower weighted deposits. Note that the highest ranked grid cell is at the Rio Tinto bline where water from 
Mill Creek was sampled after flowing along the side of tailings piies. The quality of the water sample 
collected at this site in 1995 was good. The deposit at this mine is a massive sulfide containing abundant 
pyrite. In addition, abundant limonite is present in the stream bed (Price et al., 1995) indicating acid 



drainage is probable at this site and the water sample collected may not be representative of conditions at 
the site during other time periods. 

Obvious discrepancies in the ranking of the various sites can be s e n .  Controlling factors are 
related to the weighting of the deposit types and the numbers of features within the grid cells. For 
instance, note the low ranking of sites EU-1 and MI-369 (Table 10). Although the water quality at these 
sites is generally good, As is significantly elevated in both. Hence, in a revised ranking scheme to be used 
on a state-wide basis, greater emphasis should be placed on deposit types known to have significantly ele- 
vated concentrations of As. In addition, some sites are ranked unrealistically low even though they are 
contained within relatively highly weighted deposit types. For instance, water at site EIU-217 has low pH 
with significantly elevated Fe concentrations, but is ranked lower than sites where water quality was good. 
Similarly, some sites are ranked unrealistically high (CL- 13 and CL-778). Although these ttvo sites have 
elevated TDS relative to drinking water standards (>I000 mcA), their pH and trace metals concentrations 
are generally not significantly elevated above drinking water standards. The high ranking results because 
the two grid cells contain several types of mining excavations (3 or 4 rather than only 1 or 2 as is noted in 
most other grids). Although greater numbers of mining features in a grid should result in a greater proba- 
bility that water (if present) will be able to interact with disturbed material, the number of features needs 
to be further de-emphasized in future work because even one feature in a deposit type such as quartz alu- 
nite is more likely to be associated with poor water quality than a site in a quartz adularia deposit. In a 
revised, calibrated model for the entire state, greater emphasis should be placed on mineral deposit type, 
and much less emphasis should be placed on the number of mining excavations. 

Many of the sites where water was sampled occur in polymetalIic vein deposits. The rankings of 
these sites spans a large range (values of 1765 to 8072, Table lo), and the quality of water varies apprecia- 
bly as well, though poor quality water is not always associated with the higher ranking. Water at some 
sites (EU-1 and MI-369) has very high concentrations of As, whereas others contain significant Fe and 
&In concentrations (WA-210 and LA-157). Based on the results, it appears that the polymetallic vein cat- 
egory is currently too broadly defined, and the current classification is primarily oriented toward identifi- 
cation of potential acid formation. Future work should be conducted to account for some of the expected 
variations in deposits within this classification in order that those more likely to result in elevated As, Fe, 
Mn (and others) can be better anticipated. 

CONCLUSIONS 
Summary 

The model developed here provides a template from which future ranking of abandoned mine sites 
in Clark County and the entire state can be conducted. Following some revisions and calibrations, sites 
throughout the state may be ranked by their potential to result in adverse environmental impacts. Rele- 
vant factors such as mineral deposit characteristics, precipitation, evaporation, and distances to surface 
and groundwaters were incorporated into the model to help in evaluating which sites may impact water 
supplies. 

The number of mine features (shafts, adits, pits, etc.) was weighted heavily in the initial model, but 
may need to be de-emphasized in future work. In contrast, geology and deposit type, which were already 
heavily weighted, may need to be emphasized to a greater extent. Although the number of mining exca- 
vations is important when comparing sites in similar geologic settings, the differences in geologic settings 
between sites is more important than the number of excavations in determining which sites are more 
prone to result in adverse environmental impacts. Those deposits found to consistently have poor water 
quality should be given greater emphasis, and a greater range in weighting values between the deposit 
types may help in better differentiation between sites with the potential for better and worse water quality. 
Better differentiation within the polymetallic vein deposit type should be attempted given the wide vari- 
ability in its characteristics and associated water quality. An environmentally sensitive deposit type such 
as quartz-alunite has a high weighting factor of 100, whereas more benign deposits such as epithermal 



manganese or fluorspar have considerably lower weighting factors (8 and 10, respectively). A quartz- 
alunite site with even one shaft or adit is probably a greater risk to the environment than an epithermal 
manganese site with 10 of these features, and a revised scheme should better account for this factor. The 
quartz-alunite deposits are much more likely to be associated with poor water quality, and these areas 
should be emphasized to an even greater extent than is currently handled by the model. For instance, of 
the waters sampled from 39 shafts, adits and pits throughout the state (Price, et al., 1995), most of the 
samples were near neutral. However, sampled water issuing from two adits in quartz-alunite deposits had 
pH of ~ 3 . 0 ,  Fe contents of up to 1380 m_&, and high concentrations of Cu, hIn and As (451 mgL, 19 
m&, and 16 m g 5 ,  respectively). Hence, if any water interacts with these deposits, the resulting water 
could be of very poor quality. 

Fi1tul.e Work and Linlitatio~ls of this Study 

Additional studies related to this work should include applying a revised, calibrated risk assessment 
methodology to the remainder of the state, field checking specific sites, and conducting detailed geologic 
and hydrologic studies at the small percentage of sites which have adversely impacted the environment. 
The current work has identified some of the areas in which the model should be revised in order to obtain 
more realistic state-wide ranking values. Although other such revisions should be evaluated and consid- 
ered in future work, the revisions identified in the current work include: (1) de-emphasizing the weighting 
on the number of mining excavations; (2) de-emphasizing the PE weighting of the shafts; (3) placing 
greater weight on the deposit type; and (4) conducting literature reviews and field work to identify differ- 
ences between the various polymetallic vein deposits. Clark County is not representative of the rest of 
Nevada because (1) it is more arid than many portions of the state, and (2) there is less mining activity 
than in some other parts of the state. Use and calibration of the model state-wide will allow for better dis- 
crimination between sites throughout the state because a greater range in deposit types occurs in the 
remainder of the state than was modeled in the pilot study in Clark County alone. 

Other factors of concern to the U.S. Bureau of Land Management and the Nevada Division of Min- 
erals could also be incorporated into the final model formulation for the state. For instance, distances to 
population centers and paved roads could be incorporated as a weighting factor in a revised model. Prox- 
imity to features such as schools, fisheries or water intakes could be more heavily weighted than sites in 
proximity to industrial areas. This is particularly important in the analysis of physical hazards. The 
Nevada Division of Minerals has examined over 6,400 abandoned and inactive mine sites in its program 
to protect the public. Most of the sites that the Division has secured are near population centers or rela- 
tively easy to access from paved highways. The results of a statewide analysis of the location and number 
of mining excavations as has been done in this study for Clark County would assist the Division in setting 
priorities for future work. 

In developing and improving this type of risk assessment for the entire state, several refinements 
can be attempted. As mentioned in previous sections, the overall model should be calibrated with avail- 
able data on environmental hazards. These data are being developed in other studies by NBMG and 
BLM. Additional information from the USGS (in particular from studies of environmental ore deposit 
models and compilations of baseline geochemical data) can be incorporated into the model. The ground- 
water component of the model can be improved through detailed studies of relationships between geol- 
ogy, topography, precipitation, and ET. Existing reports could be scanned to identify areas of known 
perched groundwater, and these data could also be incorporated as a GIS layer. 

The approach used in this shidy is only a first step in evaluation of the potential of environmental 
impacts from abandoned and inactive mines. Because the type of study described here is limited in its 
incorporation of site-specific data, results from a revised ranking model should not be used in site-specific 
land management decisions, but should be used only to prioritize sites for more detailed studies. For 
instance, this study uses the 1:250,000-scale geologic map of Clark County, which provides a broad pic- 
hire of the rock types in the county. For site specific investigations and decisions, however, geologic 



mapping at scales of 1:24,000 or greater would be necessary. In addition, site investigations would be 
necessary prior to any land-management decisions to evaluate assumptions about mineral deposit type 
(and variations from the standard types), map variations in wall rock alteration (which can control neutral- 
ization potential for any acidic waters), physical hazards, surface and groundwater geochemistry, and 
three-dimensional hydrogeology of the site and areas that may be affected. 
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Equation 11: 
SW rank = ((((S + P) x PE + (Pd x PE)) x 0.75 + A x  PE'+ (L + T + 0.8 x D) x PE') x DC) x SW 
SW rank = ((((5 + 0) x 9 + (0 x 9)) x 0.75 + 3 x 2 + (0 + 0 + 0.8 x 0) x 2) x 100) x 0 
SW rank = 0 

Equation 12: 
Int SW = (((((S + P) x PE + (Pd x PE)) x 0.75 + A x  PE'+ (L + T + 0.8 x D) x PE') x DC) x ISW) x 0.05 
l n t S W = ( ( ( ( ( 5 + O ) x 9 + ( 0 ~ 9 ) ) ~ 0 . 7 5 +  3 ~ 2 + ( 0 + 0 + 0 . 8 x O ) x 2 )  x 100) x10) x0.05 
Int SW = 2550 

Equation 13: 
Groundwater = (((S + P) x PE + Pd x PE + A x  PE1+ (L + T + 0.8 x D) x PE') x DC) x GW 
Groundwater = (((5 + 0) x 9 + 0 x 9 + 3 x 2 + (0 + 0 + 0.8 x 0) x 2) x 100) x 9 
Groundwater = 45,900 

Equation 14: 1 

Physical Hazards = (1 0 x S) + (7 x P) + (4 x A) 
Physical Hazards = (1 0 x 5) + (7 x 0) + (4 x 3) 
Physical Hazards = 62 

Equation 15: 
Mills = MT 
Mills = 0 

Equation 10: 
Risk = Groundwater + Surface Water + Intermittent SW + Physical + Mill Type 
Risk = 45,900 + 0 + 2550 + 62 + 0 
Risk = 48,512 

Figure 3. Example grid cell and calculations near Alunite. 
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Equation 11: 
SW rank = ((((S + P) x PE + (Pd x PE)) x0.75 + A x  PE1+ ( L + T +  0.8 x D) x PE') x DC) x SW 
SW rank= ((((8+4) x 8  + (0x8))  x0.75 + 1 0 x 3 +  (1 + O  + 0 . 8 x  0 ) x 3 )  x 50) x 0 
SW rank= 0 

Equation 12: 
Int SW = (((((S + P) x PE + (Pd x PE)) x 0.75 + A x  PE'+ (L + T + 0.8 x D) x PE') x DC) x ISW) x 0.05 
Int SW = (((((8 + 4) x 8 + (0 x 8)) x 0.75 + 10 x 3+ (1 + 0 + 0.8 x 0) x 3) x 50) x 9) x 0.05 
Int SW = 2903 

Equation 13: 
Groundwater = (((S + P) x PE + Pd x PE + A x  PE'+ (L + T + 0.8 x D) x PE') x DC) x GW 
Groundwater = ( ( ( 8 + 4 ) ~ 8 + O x 8 +  1 0 x 3 +  (1 + 0 + 0 . 8 x O ) x 3 )  x 50) x 9 
Groundwater = 58,050 

Equation 14: 
Physical Hazards = (10 x S) + (7 x P) + (4 x A) 
Physical Hazards = (10 x 8) + (7 x 4) + (4 x 10) 
Physical Hazards = 148 

Equation 15: 
Mills = MT 
Mills = 0 

Equation 10: 
Risk = Groundwater + Surface Water + Intermittent SW + Physical + Mill Type 
Risk = 58,050 + 0 + 2903 + 148 + 0 
Risk = 61,101 

Figure 4. Example grid cell and calculations near Black Hawk Mine. 
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Figure 5. Weighted grid map for surface waters in Clark County based on values in Table 4. 
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Figure 6. Weighted grid map for groundwater in Clark County based on values in Table 4. 
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Figure 7. Weighted grid map for precipitation minus evaporation in Clark County based on values in Table 4. 
Precipitation is reported in 3 arc second grids in the PRISM data, and hence, grid sizes in this figure are larger 
than 1 km grid spacing depicted in other f~gi~res in this report. 
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Figure 8. Map showing mining districts in Clark County based on values in Table 1. The dotted polygon 
outlines show locations of known mining districts. See Table 3 for identification of the mining districts 
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Figure 9. Final ranking of grids in Clark County based on physical hazards. The dotted polygon 
outlines show locations of known mining districts. 
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Figure 10. Final ranking of grids in Clark County based on surface water risks. The polygon outlines 
show locations of known mining districts. 
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Figure 11. Final ranking of grids in Clark County based on groundwater risks. The dotted polygon outlines 
show locations of known mining districts. 
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Figure 12. Final ranking of grids in Clark County based on mill type present in the grids. The dotted polygon outlines 
show locations of known mining districts. 
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Figure 13. Final ranking of grids in Clark County based on the total ranking of the grid from equation 25. 
The dotted polygon outlines show locations of known mining districts. 
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Table 1. Deposit classifications and their weightings for mine types in Clark County (in bold). 
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deposits in continental sedimentary rock 2 organics. 

Ba. As, Sb. Ag. Au. Hg. 
TI. Pb, Zn. Cu. W 

NIN 

MIM 

Wheeler Peak mine. 
White Pine County 

Blue Diamond mine, 
Clark County 

Colado mine. Pershing 
County 

.-__ 

Pilot Peak limestone 
quarryy. Elko County 

Elko district. Elko 
County 

MIT or 
NIN 

Low 

High-moderate; 
carbonate host 

Be, F, W, Li, Rb. Cs. Nb. 
Sn, W 

Na. B. Li. Sr, Cl 

S, traces of heavy metals 

Iron oxide vein or replacement deposits in igneous and 
metamorphosed igneous rock. 

Iron oxide i iron sulfide in metasedimentary rocks with or 
without associated intrusive igneous rocks. 

High; carbonate 
host 

MIT or 
NIN 

NIN 

TIN or 
NIN 

NIN 

TIN or 
NIN 

Vein ant! replacement deposits in various settings. 
mainly in limestone; may have associated heavy metals. 

Most deposits have low heavy- 
metal content 

Low 

High-moderate 

Moderate 

Low to high 

Variable 

Mica, beryl, feldspar and other minerals generally in 
dikes or veins; little or no sulfide; generally low heavy 
metals. 

Ancient to recent deposits of gypsum, halite, borates in 
sedimentary rocks; generally strata-bound; little or no 
sulfide or heavy metals. 

Clay, diatomite, perlite, vermiculite, talc, and zeolite 
deposits in various settings; little or no sulfide or heavy 
metals. 

Limestone, dolomite, magnesite, silica sand, stone, etc. 
deposits in various settings; little or no sulfide or heavy 
metals. 

Organic-rich stratabound deposits in sedimentary rocks; 
may contain sulfide and heavy metals. 

Includes brine and playa depos~ts 



Table 2. List of weightings used in the numerical classification scheme for Clark County for each of the relevant variables. 

Rankings 1 is low, 10 is a high rank 
1 2 3 4 5 6 7 

January 
Precip - Evap (PE) >62 >52 - 62 >42 - 52 >32 - 42 >22 - 32 >I2 - 22 >2-12 

Precip - Evap (PE') -28 to -18 >-I8 to -8 >-8 - 2 >2- 12 >22 - 32 >32 - 42 >12 - 22 
Depth to water (fl) 

Elevation (ft) 27500 - 11342 4000 - 7500 
Dist to surf water (fl) 23000 >2600 - 3000 >2250 - 2600 21 900 - 2250 21 600 - 1900 >I300 - 1600 >950 - 1300 

# shafts 
# pits' 

# adits 

Area of tailings >O-<lo% 10-20% >20 - 30% S O  - 40% >40 - 50% >50 - 60% >60 - 70% 

Area of tailings pond z0 - 40% 10 - 20% >20 - 30% 9 0  - 40% >40 - 50% >50 - 60% >60 - 70% 
Area of Mine dump >O - 40% 10 - 20% $20 - 30% S O  - 40% >40 - 50% 250 - 60% >60 - 70% 

82 Mill Type See section on Mills and Smelters 

Deposit Class. See Table 1 

* exclusive of sand, gravel, bfrow pits, and rodc q3arries. 



Table 3. Mining districts and commodities for the large numbers noted in Figure 8. 
Data from Tingley, 1992. 

Figure 8 Mining District Commodities 
Number 

SIate 
Arrow Canyon Range 
Moapa 
Bunkerville 
Charleston 
Gass Peak 
Dike 
Apex 
Muddy Mountain 
Black Mountains 
Saint Thomas 
Gold Butte 
Arden 
Las Vegas 
Goodsprings 
Sutor 
Sloan 
Alunite 
McClanahan 
Sunset 
Crescent 
Eldorado 
Searchlight 
Newberry 

building stone 
silica, building stone 
gypsum, magnesite, silica, U 
Cu, Au, Ag, W, Ni, Pt, Pd, Co, Be, mica, gypsum, U, Ti 
Pb, Zn, Ag, gypsum 
Zn, Ag, Pb, Au, U 
Pb 
limestone 
borates, clay, gypsum, magnesite, sodium sulfate 
Fe, Mn 
sodium chloride, glauberite, silica sand, magnesite 
Au, Cu, Pb, Zn, Ag, W, U, Be, Th, Ti, mica, magnesite, brucite 
gypsum, silica sand 
Mn, Pb, Zn, Cu, gypsum 
Zn, Pb, Ag, Au, Cu, Pt, Pd, V, Co, Mo, U, Sb, Ti, perlite 
u, v 
limestone, dolomite, silica sand, U, V 
Au, W, alunite 
Au, Ag, Cu, turquoise, alum 
Au, Pb, Ag, Cu, U 
ALI, Ag, Pb, Cu, turquoise, Mo, V, Be, Th, U, perlite 
Au, Ag, Pb, Zn, Cu, Hg, U, Be, Th 
Au, Ag, Pb, Cu, Mo, turquoise, V, perlite 
Au, Ag, Cu, Sb, Th 



Table 4. Range of values associated with each of the 10 separate subdivisions 
noted on Figures 9 through 13. 

Range of values 

Rank Physical Surface Intermittent Groundwater Total Risk 
Hazards Water Surface 

Water 





Table 6. Frequency of grid cells with each cell value,l to 10. 

Cell 
Value 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Frequency of Cell Values for Individual Cells 
Shaft Adit Pit Tailings Tailings Rock 

Pond Pile Dump 
7 27 3 
1 1 1 

1 
18 2 

3 

Total # cells 251 281 25 16 29 4 
# of cells with no feature: 

20990 20960 21 21 6 21 225 21 21 2 21 237 

Frequency of Cell Values for Individual Cells 
Cell PE PE' Surface Intermittent Ground- Mill 

Value 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Water 
187 
268 
241 
251 
227 
269 
31 2 
375 
41 2 
110 

Water water TY pe 
560 32 
1102 
1166 492 
1 563 7 
1628 
1847 4989 16 
2523 
3396 
3323 15760 1 
801 

Total # cells 21 241 21 241 2652 17909 21 241 56 
# of cells with no feature: 

0 0 ' 18589 3332 0 21185 

Cell Deposit 
Value Classification 

1 16251 
5 38 1 
6 46 Total # cells for Deposit: 
8 942 20940 

10 5 # cells with no feature: 
20 1212 301 
50 1573 
60 369 
70 9 

100 1 52 



Table 7. Distribution of rankings for the highest ranked grids (no mills occur in any of these grids). 

Mining District Cell Rank Cell Physical Groundwater Surface Intermittent 
# Value Value Rank Rank Water Water 

Rank Rank 

Alunite 1 30 
1 46 
122 
119 
1 47 
121 
118 
124 

Eldorado 276 
2 77 

CL-13 258 
271 

CL-778 2 72 
248 

Goodsprings 1 70 
CL-447 1 73 

230 
1 66 
236 
228 
1 96 

Searchlight 442 
383 
443 
355 
372 
433 
394 



Table 8. Final ranking of cells with the highest values in each of the mining districts. 

Mining District Cell 
# 

Rank Cell 
Value 

Mining District Cell 
# 

Rank Cell 
Value 

Value 
85269 
78256 
50533 
29150 
27592 
25241 
12040 
2003 

Alunite 130 
1 46 
122 
119 
147 
121 
124 
118 

Las Veg as 

Moapa 

Muddy Mountain 

Newberry 478 
461 
473 
458 Apex 

Arden Searchlight 442 
383 
443 
355 
372 
433 
394 

Bunkerville 

Charleston 

Crescent 367 
399 
377 
387 
41 9 
427 

Sloan 

Sutor None 

Sunset 
7641 1 Dike 

Gass Peak 1994 - 2847 1 

Gold Butte 1 - 8901 I 

Goodsprings 170 67280 10 
1 73 15982 2 
230 13248 2 
1 66 12872 2 
236 12250 2 
228 10936 2 
1 96 9822 2 



Table 9. Rankings of selected cells in Clark County, including water and rock chemistry at these sites. 

Cell # Rank pH Hardness TDS SO4 A s  Pb 

West of Moapa District 
Rocks 8 28 6 
Spring 8 28 8.1 5 231 695 8 0.01 

Spring 22 103 242 

West of Las Vegas District 
Rocks 76 195 500-1 400 20000 

Well? 95 370 7.46 11914 2900 0.03 
7.35 

Spring 81 466 7.3 31 48 0.038 

Well? 96 466 -. 7.5 2681 3826 2200 0.04 
7.6 2006 

7.7 1640 

Well? 89 833 7.73 7327 4063 
7.63 

Well? 73 3,312 7.43 878 1336 1040 
7.37 2003 1859 

Charleston District 
Spring 37 624 182 356 

Well 30 1,160 7.38 230 355 
Rocks 30 

Bunkerville District 
CL-754 9 2,156 7.88 

Gold Butte District 
Rocks 34 2,072 

Rocks 56 3,910 



Cell # Rank pH Hardness TDS 

Table 9, continued 
Goodsprings District 
CL-447 172,173 
Rx nearby 

Newberry District 
River 475 
Rocks 475 

River 476 
Rocks 476 

Searchlight District 
Rocks 374 

Rocks 430 

Rocks 443 

Eldorado District 
CL-13 258 

8 Rx nearby 
Well? 275 

CL-778 272 
Rx nearby 

Well? 32 1 
Rocks 321 

<0.05 

80 Nearby 

925 

~ 0 . 0 5  
80 Nearby 

1960 
600 



Table 10. Calculated ranking of sites throughout the state of Nevada using data pertinent to mining excavations. 

Highest Weighted Deposit Types 
CL-754 PE-419 PE-420 HU-217 WA-133 HU-100 HU-99 WA-95 Rio Tinto 

Weight Weight Weight Weight Weight Weight Weight Weight Weight 
1 1 

1 1 1 1 1 1 1 1 1 

GW 6 6 6 6 6 6 6 6 
S W  0 1 1 1 1 1 1 I 
ISW 3 5 --5 4 1 8 10 9 
PE 6 6 6 4 6 3 3 6 

P 
-.J PE' 5 5 5 7 5 8 8 5 

SW rank 0 350 350 490 500 560 560 875 

ISW rank 53 88 88 98 25 224 280 394 
GW rank 21 00 21 00 21 00 2940 3000 3360 3360 6000 
Phys. rank 4 8 8 4 8 4 4 18 
Total 2157 2546 2546 3532 3533 4148 4204 7287 

PH 7.88 3.94 6.24 2.77 2.95 3.76 2.8 2.41 
TDS 605 21 6 305 2110 2800 ~ 2 0 0  620 6480 
Fe 0.07 5.3 0.62 342.00 191 .OO 0.96 107.00 1380.00 
Mn 0.033 2.4 4.6 27.00 4.40 0.20 0.12 19.00 
As e0.005 <0.005 <0.005 0.15 0.01 <0.005 0.83 16 

Numbers in bold indicate values which exceed Nevada drinking water standards. 



Table 10, continued 

Intermediately Weighted Deposit Types 
EU-1 CL-447 LA-168 WA-210 MI-369 NY-532 PE-407 PE-09 LA-25 LA-157 PE-509 LA-165 EL-13 

Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight Weight 
1 1 1 1 1 1 1 1 

I 1 1 1 1 1 1 1 1 1 1 1 
1 

Numbers in bold indicate values which exceed Nevada drinking water standards. 



Table 10, continued 

Intermediately Weighted Deposit Types 
PE-496 PE-501 CL-13 LA-54 CL-778 LA-45 

Weight Weight Weight Weight Weight Weight 
1 1 1 1 

1 1 1 1 1 
1 1 

1 1 1 1 

Lowest Weighted Deposit Types 
ES-694 CH-71 CH-76 DO-71 ST-79 WA-8 

Weight Weight Weight Weight Weight Weight 
1 1 I 1 I 

1 1 
1 

I 
I 1 1 

Numbers in bold indicate values which exceed Nevada drinking water standards. 


