
DRA-26   

Questa Weathering Study p - 1 - of 20 October 21, 2008 
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M. Logsdon) 

1. STATEMENT OF THE PROBLEM 
In general it is hard or even impossible to collect pore water from coarse, unsaturated, 
unconsolidated rock.  As minerals weather and solutions within the unsaturated zone of a 
rock-pile evaporate, the reaction products may be precipitated as soluble salts, such as, 
jarosite and gypsum. These salts are often thought to be stores for acid and metals that 
can be released during subsequent runoff or infiltration events.  

Because the dissolved salts are related to the pore waters form which they 
precipitated, the purpose of this work was to leach these materials with deionized water 
in an effort to redissolve these salts and then ascertain their composition.  A standardized 
and widely accepted methodology for this work is not available. 

The questions addressed by this research are: What is an appropriate method for 
conducting deionized water leaches of waste rock pile materials? Can the composition of 
the deionized water leachate be used to approximate pore water compositions within the 
rock pile? Can the composition of the deionized water leachate be used to recognize 
different zones of weathering within the rock pile?  

2. PREVIOUS WORK 
Geologic mapping of Goathill North rock pile during trenching is by McLemore et al. 
(2008). Conventional methods for determining water-soluble phase extractions is by 
Ribeta et al. (1995) and Dold (1999). Physical and geochemical characterization of 
waste-rock piles is by Stockwell et al. (2006). 
  
3. TECHNICAL APPROACH 
Sample descriptions 
Five-foot channel samples of the rock pile material were collected along Bench 9, Trench 
LFG-006. The samples collected from the rock piles consisted of a heterogeneous 
mixture of rock fragments ranging in size from cobbles (0.5 m) to <1 mm in diameter 
within a fine-grained soil matrix. Most rock fragments were hydrothermally altered 
before mining occurred and could have undergone oxidization and weathering since 
emplacement in the rock pile. Figure 1 shows the location of Trench LFG-006 in the 
GHN rock pile and Figure 2 shows the location of samples along Bench 9. Detailed 
sample descriptions are in Appendix 3. 
 
Analytical procedure 
The Deionized Water Leach Method was developed in two parts. The first part was to 
determine an appropriate particle size distribution to use and the dependence of the 
leachate composition on particle size. The second part of the method development was to 
determine the dependence of leaching duration time on the composition of the leachates. 
Sample number GHN-LFG-0009 was used for the particle size dependence and leach 
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duration time dependence experiments. The final method was used for the samples from 
the profile along Bench 9, Trench LFG-006 and is described in detail in SOP 38. 

Particle Size Dependence 
Sample GHN-LFG-0009 was sieved into 5 different size fractions using stainless steel 
sieves. The particle size range and corresponding surface areas are in Table 1. The 
surface areas were measured using BET N2 adsorption isotherms using a Quantachrome 
NOVA High Speed Gas Adsorption Analyzer v8.0. The particles in fraction 1 were too 
large for their surface area to be determined by the above method. As a result, this 
fraction was not used in the proceeding investigations. The results of triplicate leach 
experiments were used to determine the relative standard deviations of the analytes in 
each size fraction used. These results were then compared from differing size fractions to 
determine which one had the lowest standard deviation and therefore the highest level of 
reproducibility.  

 
Leach Time Dependence 
Samples used for this investigation were from size fraction 3 of the previous particle size 
dependence experiments for reasons that will be discussed below in Section 5. The 
duration of the time spent on the wrist-action shaker was varied as follows: 0.5, 1.0, 2.0, 
4.0, 8.0 and 16 hours. These experiments were carried out in triplicate. 
 
Goathill North Bench 9, Trench LFG-006 Profile 
Samples that were collected from Bench 9, trench LFG-006 during trenching on the 
Goathill North (GHN) rock pile were used for constructing a leachate profile from the 
exterior to the interior of GHN rock pile.  One sample from each of the following units I, 
J, N, O, K, R, S and M were selected for this investigation. The following crushed 
samples were used during the experiments: GHN-VTM-0194, -0195, -0198, -0205, -
0208, 0215, -0216, -0217.  The Bench 9 Trench LFG_006 experiments were carried out 
in duplicate.   

The leachate compositions were then entered into MINTEQ using the following 
parameters; 1) pH was fixed at the measured value, 2) ionic strength was calculated by 
MINTEQ, 3) no solid phases were included as inputs, 4) solution was at equilibrium with 
the atmosphere, and 4) concentrations were entered as mg/L of analytes detected. This 
was done to determine what mineral phases present were supersaturated in the leachate. 
The mineral phases that were examined for possible super-saturation by MINTEQ are 
listed in Table 2. For comparison, bulk mineralogies of the samples are given in Table 5 
(Appendix 2).  

National Atmospheric Deposition Program (NADP) Precipitation Comparison 
The NADP precipitation data was downloaded from the NADP website 
(http://nadp.sws.uiuc.edu). The data are from the three stations shown in Figure 3, which 
encircle the mine location. The data covers a 5 year period starting in January 2000 and 
ending December 2004. The data were then averaged over the entire time period for the 
three stations combined. The leachate compositions were then compared with the rainfall 
data collected from the National Atmospheric Deposition Program (NADP) in the 
surrounding areas of the field site. See Figure 3 (Appendix 1). 
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4. CONCEPTUAL MODEL 
Particle Size Dependence 
The size of the particles will influence the composition of the leachate due to the 
increased surface area of smaller particles per unit mass compared to larger particles. The 
particle size distribution of the leached materials may also influence the reproducibility of 
the leaching experiments, due to the heterogeneity of the particle size distribution within 
anyone size fraction. The size fraction with the lowest relative standard deviation of the 
components will have the highest level of reproducibility of the size fractions used. 
 
Leach Time Dependence 
The duration of the leaching time may influence the leachate composition and the 
reproducibility of the method. The duration needs to be long enough to allow for the 
dissolution of water soluble mineral phases present, but short enough to minimize further 
weathering reactions from affecting the composition, including the dissolution of 
minerals such as aluminosilicates and Fe and Al oxy-hydroxides. The composition of the 
leachate will approach a steady-state with respect to the readily water soluble minerals. 

Goathill North Bench 9 Profile, LFG-006  
We tested the hypothesis that the leachate composition would vary from one unit to 
another along the profile of the rock pile that extends from the interior to the exterior of 
the pile.  This profile follows the simple weathering index (SWI) noted in Table 5. With 
units I and J annotated as a 4 and unit N identified by a less weathered index of 3 and the 
remaining units identified as an even less weathered 2. The conductivity and pH will be 
influenced by the dissolution of soluble minerals (gypsum, jarosite and efflorescent salts) 
during the leaching experiments.  An increased extent of weathering will be implicated in 
zones of higher conductivity an lower pH, due in part to the dissolution of readily soluble 
salts formed during the weathering of less reactive parent minerals in the pile. 

 
National Atmospheric Deposition Program (NADP) Precipitation Comparison 
Leachate composition is higher in conductivity and lower in pH then precipitation data 
for the area. 

 
5. STATUS OF THE COMPONENTS 
Particle Size Dependence 
The leachate compositions varied between the different size fractions as plotted in Figure 
4. Generally, the concentrations of the various analytes increased as the particle size 
fractions decreased in size.  When the leachate compositions are normalized to the 
measured surface areas, the surface area normalized concentrations are statistically the 
same across the various size fractions (Figure 5).  

Size fractions 1 and 4 had the highest relative standard deviations (RSDs) of 
triplicate experiments and therefore the lowest reproducibility. Size fractions 3 and 5 had 
the lowest RSDs and therefore the highest levels of reproducibility. As a result, size 
fraction 3 was determined to be the most appropriate size fraction to use for the GHN 
Bench 9 weathering profile. Calcium and sulfate are the dominant ions in all fractions 
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and are related to the formation of gypsum, jarosite and other soluble sulfate salts that 
form during evaporation.  The average pH of the various size fractions was 2.80 ± 5.0%. 

Leach Time Dependence 
The pH of all samples was 2.89 ± 0.01. This is consistent with the pH of the leachate 
from the particle size dependence study. Sulfate, calcium and strontium remain 
unchanged after 2 hours of leaching. These analytes are at least an order of magnitude 
greater then the following analytes that were monitored: iron, magnesium, potassium, 
chloride, fluoride and sodium. These analytes remain stable throughout all time 
dependence experiments. The aluminum concentration continues to increase until 4 hours 
then levels off. The silicon continues to increase throughout the experiments at low levels 
of ~10-9 moles per square meter of sample. This is possibly due to acid neutralization 
reactions of the dissolution of aluminosilicates. The above trends are illustrated in Figure 
6 (Appendix 1).  

Goathill North Bench 9, Trench LFG-006 Profile 
All data have been normalized to the measured surface area (mol·m-2) assuming the same 
surface area as size fraction 3 from the above experiments of 7.50 square meters per gram 
of sample.  Duplicate experiments were carried out on each sample. Table 3 (Appendix 2) 
lists the average leachate composition in moles of analyte per liter of DI water. Graphical 
representations of the analyte concentrations leached from Bench 9 of the LFG-006 
trench are illustrated in Figures 7 through 11 (Appendix 1) as moles of analyte per square 
meter of sample. The sulfate and conductivity decrease as the samples progress towards 
the interior of the pile and the pH increases. Aluminum and iron are only present in 
leachates of the units near the exterior of the pile. The relative abundance of potassium 
and sodium increases in units towards the interior of the pile, whereas the calcium and 
magnesium decrease towards the interior of the pile. The increase in potassium is likely 
due to the leachate being saturated with respect to the jarosites in the outer-most units as 
identified by the MINTEQ simulations listed in Table 2.  The interior units being less 
weathered have not yet formed an abundance of secondary minerals. The remaining 
analytes are detected in trace amounts and are several orders of magnitude less then the 
major analytes described above. All analytes measured are listed in Table 3 (Appendix 2) 
as moles of analyte per square meter of sample. 

The leachate compositions were entered into MINTEQ so that the saturation 
indices could be calculated from the leachate. The following parameters were used to 
determine the saturation indices; 1) analyte concentrations were entered as mg of analyte 
per liter of solution, 2) ionic strength was calculated by MINTEQ, 3) pH was fixed at the 
measured pH from the leach experiments, 4) no solid phases were specified, and 5) gas 
concentrations were set at equilibrium with the atmosphere. The saturation indices of the 
leachate compositions are listed in Table 3 (Appendix 2). 

National Atmospheric Deposition Program (NADP) Precipitation Comparison 
The leachate composition is several orders of magnitude more concentrated then the 
precipitation composition for all parameters measured except the TN, which is about an 
order of magnitude greater in the precipitation samples. The conductivity is several 
orders of magnitude greater in the leachate then the precipitation data. The averaged 
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NADP precipitation data and Bench 9 LFG-006 Trench leachate composition are listed in 
Table 4 (Appendix 2).  These results indicate that the ionic concentration and 
composition of the pile pore waters is the result of mineral weathering, not due to the 
external addition of ions in rain or snow waters. 

 
6. RELIABILITY ANALYSIS 
Assuming the particle size distribution is equivalent across the range of samples could 
affect the reliability of data interpretations. Evaluating the particle size distribution of 
size fractions and the measured surface areas of the corresponding particle sizes could 
determine the degree of homogeneity of a given size fraction.  Analyte concentrations can 
have an instrumental error of 5-15% depending on analytical methods used. Experiments 
were carried out in triplicate and duplicate to provide statistical error for the analyte 
concentrations. Interpretation of the Bench 9 Trench LFG-006 weathering profile 
assumes that the conceptual geological units are homogenous.  Analysis of more samples 
can determine the homogeneity of these conceptual geological units with respect to 
deionized leaching experiments. Analytical precision will be discussed further in 
Osantowski (2008). 
 
7. CURRENT CONCLUSION OF THE COMPONENTS 
Particle Size Dependence 
The concentration of the leachate solutions are highly dependent on the surface area of 
the particles sampled. Normalizing the major species to the surface area of the sample 
largely eliminates this effect. Size fraction 3 (1180-300 μm) was determined to be the 
most suitable for any further leaching investigations, due to fact that the results obtained 
with this size fraction were the most reproducible.  

The concentrations in the leachate increased as the gradation becomes finer (i.e., 
as fine particles become a larger proportion of the total sample).  The fractions with the 
highest proportion of small particles and therefore the largest surface area per unit mass 
had the highest concentration of analytes in the leachate.  This result likely reflects the 
role of particle surfaces as precipitation sites during drying and evaporation.  Smaller 
particles are able to sorb larger amounts of dried salt per mass.  Given that it is practically 
difficult to conduct a leaching experiment on a representative sample (some particles are 
much too large), it is important to assess the particle size distribution of a sample and 
conduct leaching experiments using a well defined particle size fraction.  The results 
from this size fraction can then be extrapolated to the other size fractions. 

Leach Time Dependence 
Most of the analytes reach a steady-state concentration after two hours of leaching. Only 
silicon continues to increase as time elapses. However, the overall concentrations of this 
element are several orders of magnitude less then the major and minor components. 
Therefore, the appropriate leaching time determined for the deionized water leaching 
experiments was 2 hours. 

 
Goathill North Bench 9 Profile, Trench LFG-006  
Because the leaching experiments were conducted with a high water to rock ratio 
compared to the field conditions (an experimental necessity), the concentrations of the 



DRA-26   

Questa Weathering Study p - 6 - of 20 October 21, 2008 

various ions in the leachate solutions will be much lower than in actual rock pile pore 
waters.  Therefore, the composition of the leachate cannot be used directly to determine 
the pore water composition. However, it is certainly possible to estimate the true water to 
rock ratio in the pore waters and therefore estimate the true pore-water composition in the 
pile through equilibrium modeling or similar calculations.  

The composition of the leachate has shown to be highly dependent on the 
designated geological unit within the rock pile. This suggests that these leaching 
experiments could be used in conjunction with other techniques to recognize different 
zones of weathering within a rock pile.  Equilibrium calculations identify the leachates as 
being saturated with respect to the jarosite and slightly under-saturated with respect to 
gypsum and anhydrite near the exterior of the pile in zones that suggest a greater extent 
of weathering in comparison to the interior of the rock pile. These results suggest that 
active sulfide oxidation and other types of chemical weathering are ongoing in the 
exterior-most regions in the pile, but that the core of the pile is relatively unweathered.   

 
National Atmospheric Deposition Program (NADP) Precipitation Comparison 
The precipitation data does not show any correlations with the leachate compositions.  
This is illustrated in Table 4 (Appendix 2). 
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FIGURE 1. Conceptual geological model of GHN rock pile, as interpreted from surface 
mapping, detailed geologic cross section (McLemore et al., 2008), trenches, drill holes, 
construction method and observations during reclamation of GHN. 
 

 
 
FIGURE 2. Geologic cross section of bench 9, trench LFG-006 showing location of 
samples. Description of geologic units is in McLemore et al. (2008). 
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FIGURE 3.  Map of NADP precipitation collection sites. (Sites encircled by a blue 
octagon are the NADP sites used in compiling average composition of precipitation) 
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Major Cations and Anions of the Leachate
from Particle Size Dependence Investigations
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FIGURE 4.  The concentration in moles per liter of the major cations and anions of the leachates from the particles size dependence 
investigations plotted with respect to their corresponding size fraction presented in Table 1.  Analytes with solid symbols are plotted 
against the primary y-axis on the left.  Analytes with open symbols are plotted on the secondary y-axis on the right which is about an 
order of magnitude less than the primary y-axis.  The error bars are the 90% confidence intervals from triplicate runs. 
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Major Cations and Anions of the Leachate
from Particle Size Dependence Investigations
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FIGURE 5. The concentration in moles per square meter of the major anions and cations of the leachate from particle size 
dependence investigations plotted with respect to their corresponding size fractions presented in Table 1.   Analytes with solid 
symbols are plotted against the primary y-axis on the left.  Analytes with open symbols are plotted on the secondary y-axis on the right 
which is about an order of magnitude less than the primary y-axis.  The error bars are the 90% confidence intervals from triplicate 
runs. 
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The Dependence of Time on Analyte Concentrations for 
the Major Analytes
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Figure 6. Major analytes plotted as function of the duration of leach times. Analytes with solid symbols are plotted against the 
primary y-axis on the left.  Analytes with open symbols are plotted on the secondary y-axis on the right which is about an order of 
magnitude less than the primary y-axis.  The error bars are the 95% confidence interval of triplicate experiments. 
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LFG-006 Bench 9 Profile
Dominant Ions
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FIGURE 7.  Calcium and Sulfate concentrations as moles per square meter of sample plotted from exterior to interior of the pile.  
Species represented by bars are plotted on the primary y-axis.  Species represented by symbols are plotted against the secondary y-
axis.  Error bars represent the standard deviation of duplicate analysis. 
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LFG-006 Bench 9 Profile
Minor Cations
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FIGURE 8.  Minor cation concentrations as moles per square meter of sample plotted from exterior to interior of the pile.  Species 
represented by bars are plotted on the primary y-axis.  Species represented by symbols are plotted against the secondary y-axis.  Error 
bars represent the standard deviation of duplicate analysis. 
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LFG-006 Bench 9 Profile
Trace Analytes
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FIGURE 9. Trace analytes concentrations as moles per square meter of sample plotted from exterior to interior of the pile.  Species 
represented by bars are plotted on the primary y-axis.  Species represented by symbols are plotted against the secondary y-axis.  Error 
bars represent the standard deviation of duplicate analysis. 
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LFG-006 Bench 9 Profile
Trace Analytes
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FIGURE 10.  Continued Trace analytes concentrations as moles per square meter of sample plotted from exterior to interior of the 
pile.  Species represented by bars are plotted on the primary y-axis.  Species represented by symbols are plotted against the secondary 
y-axis.  Error bars represent the standard deviation of duplicate analysis. 
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APPENDIX 2. Tables 
 

TABLE 1. Particle size ranges and measured surface area of sample LFG-091-3-20 used 
in the particle size dependence experiments. Surface area for fraction 1 could not be 
measured due to sample size limitations of the instrument. 

Fraction 
Number

Particle Size 
Range, μm

BET Surface 
Area, m2•g-1

Mass of 
Fraction from 

0.5kg 
sample, g

Size 
Fraction 
%(m/m)

1 > 2000 na 336 67.8%
2 2000 - 1180 6.28 44.2 8.92%
3 1180 - 300 7.48 67.8 13.7%
4 300 - 63 8.99 37.7 7.61%
5 <63 11.75 9.96 2.01%  
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 TABLE 2. Saturation Indices for minerals at equilibrium with leachate. Using MINTEQ 
equilibrium software Minerals in Bold Face Font are minerals that have been found at the 
Questa Site.  NP represents not possible phases due to one or more components missing 
from that mineral phase. 

Mineral ID 194 195 198 205 208 215 216 217
Al(OH)3 (am) -6.283 -5.807 -3.604 -3.705 -2.962 np np np
Al(OH)3 (Soil) -3.773 -3.297 -1.094 -1.195 -0.452 np np np
Al2O3 -10.617 -9.664 -5.26 -5.461 -3.975 np np np
Al4(OH)10SO4 -12.743 -11.001 -4.158 -4.494 -2.355 np np np
AlOHF2 -14.982 -13.909 -12.968 -12.93 -12.552 np np np
AlOHSO4 -0.364 -0.051 0.185 0.151 0.059 np np np
Alunite -3.289 np 2.623 2.468 3.301 np np np
Anhydrite -0.45 -0.42 -0.444 -0.418 -0.414 -0.879 -1.158 -1.649
Bianchite -4.959 -4.274 -4.975 -4.832 -4.571 np np np
Boehmite -4.06 -3.584 -1.382 -1.483 -0.739 np np np
Brucite -14.345 -13.727 -12.237 -12.317 -11.608 -7.356 -6.621 -10.375
Celestite -1.673 -1.148 -1.693 -1.092 -1.063 -1.484 -1.766 -2.304
Cryolite -24.763 -22.276 -20.938 -18.995 -17.844 np np np
Diaspore -2.355 -1.879 0.323 0.222 0.966 np np np
Epsomite -3.232 -2.778 -3.252 -3.267 -3.393 -3.144 -3.531 -4.025
Ettringite -52.349 -50.734 -40.566 -40.813 -36.798 np np np
Fe(OH)2.7Cl0.3 5.164 4.958 np np np np np np
Fe2(SO4)3 -12.347 -13.256 np np np np np np
Ferrihydrite 0.927 0.717 np np np np np np
Ferrihydrite ( 1.437 1.227 np np np np np np
Fluorite -5.291 -4.502 -3.82 -3.722 -3.249 -1.173 -1.135 -1.753
Gibbsite (C) -3.223 -2.747 -0.544 -0.645 0.098 -0.629 -0.908 -1.399
Goethite 3.636 3.426 np np np np np np
Goslarite -4.713 -4.029 -4.729 -4.586 -4.325 np np np
Gypsum -0.201 -0.171 -0.194 -0.169 -0.165 np np np
Halite -10.173 -10.086 -10.146 -9.654 -9.815 -9.363 -9.337 -9.156
Hematite 9.672 9.253 np -7.955 -8.608 np np np
H-Jarosite 1.546 0.59 np -8.514 -8.904 -8.72 -8.671 -8.509
K-Alum -8.557 np -8.001 np np np np np
KCl -9.592 np -8.478 np np np np np
K-Jarosite 5.14 np np np np np np np
Lepidocrocite 2.756 2.546 np np np np np np
Lime -29.397 -29.205 -27.262 -27.303 -26.464 -22.924 -22.08 -25.832
Maghemite 1.868 1.449 np np np np np np
Magnesioferrite -5.85 -5.651 np np np np np np
Mg(OH)2 (active -16.039 -15.421 -13.931 -14.011 -13.302 -9.05 -8.315 -12.069
Mg2(OH)3Cl•4H2 -27.166 -25.917 -23.969 -24.18 -23.425 -16.596 -15.595 -21.287
MgF2 -8.227 -7.012 -6.783 -6.725 -6.382 -3.594 -3.664 -4.285
Mirabilite -10.897 -10.914 -10.932 -9.781 -9.611 -9.359 -9.49 -9.499
MnCl2•4H2O -13.913 -13.227 -13.844 -13.926 -14.251 np np np
MnSO4 -8.542 -8.044 -8.563 -8.477 -8.312 np np np
NaF -11.004 -10.632 -10.29 -9.678 -9.359 -7.963 -7.87 -7.938
Na-Jarosite -0.471 -1.353 np np np np np np
Periclase -18.829 -18.21 -16.721 -16.801 -16.092 -11.84 -11.105 -14.859
Portlandite -19.402 -19.21 -17.267 -17.308 -16.469 -12.929 -12.085 -15.837
Pyrochroite -13.041 -12.38 -10.933 -10.913 -9.914 np np np
Spinel -25.057 -23.485 -17.592 -17.873 -15.678 np np np
SrF2 -10.694 -9.409 -9.249 -8.576 -8.077 -5.958 -5.923 -6.587
Thenardite -12.329 -12.345 -12.365 -11.214 -11.045 -10.794 -10.925 -10.935
Zincite -9.84 -8.992 -7.728 -7.651 -6.556 np np np
Zincosite -10.652 -9.966 -10.668 -10.525 -10.264 np np np
Zn(OH)2 (am) -11.084 -10.236 -8.972 -8.895 -7.8 np np np
Zn(OH)2 (beta) -10.364 -9.516 -8.252 -8.175 -7.08 np np np
Zn(OH)2 (delta) -10.454 -9.606 -8.342 -8.265 -7.17 np np np
Zn(OH)2 (epsilon -10.144 -9.296 -8.032 -7.955 -6.86 np np np
Zn(OH)2 (gamm -10.344 -9.496 -8.232 -8.155 -7.06 np np np
Zn2(OH)2SO4 -12.833 -11.299 -10.737 -10.517 -9.161 np np np
Zn2(OH)3Cl -19.087 -17.377 -15.882 -15.778 -14.25 np np np
Zn3O(SO4)2 -30.968 -28.748 -28.889 -28.525 -26.909 np np np
Zn4(OH)6SO4 -30.953 -27.723 -24.634 -24.259 -20.712 np np np
Zn5(OH)8Cl2 -44.902 -40.634 -36.381 -36.096 -31.944 np np np
ZnCl2 -19.01 -18.136 -18.937 -18.962 -19.191 np np np
ZnF2 -17.169 -15.723 -15.72 -15.505 -14.775 np np np
ZnSO4•H2O -6.084 -5.399 -6.101 -5.958 -5.697 np np np
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TABLE 3. Average Leachate Composition as mol/m2 for LFG-006 Bench 9 of duplicate 
analysis. (nd=not detected).. 

194-I 195-J 198-N 205-O 208-K 215-R 216-S 217-M
pH 2.92 3.04 3.96 3.94 4.35 6.26 6.74 4.99
Cond (mS) 5.33 6.26 3.47 3.35 3.79 2.60 1.25 0.70
Fluoride 2.32E-07 9.86E-07 5.65E-07 6.06E-07 4.25E-07 1.54E-08 3.39E-08 1.05E-08
Chloride 7.15E-08 1.65E-07 1.49E-07 1.27E-07 7.06E-08 1.17E-07 1.16E-07 1.31E-07
Sulfate 1.53E-05 1.54E-05 1.05E-05 1.11E-05 1.02E-05 5.42E-06 3.13E-06 1.46E-06
Al 2.64E-06 3.18E-06 1.22E-06 1.23E-06 5.44E-07 nd nd 3.01E-09
Ca 6.52E-06 6.46E-06 6.93E-06 7.10E-06 7.26E-06 3.06E-06 1.96E-06 8.94E-07
Fe 1.66E-06 2.82E-07 nd nd nd nd nd nd
K 9.72E-09 6.12E-08 1.19E-07 1.29E-07 9.34E-08 7.97E-08 8.41E-08 1.01E-07
Mg 1.72E-06 3.36E-06 1.61E-06 1.61E-06 1.22E-06 2.69E-06 1.36E-06 6.24E-07
Na 1.13E-08 2.29E-08 3.06E-08 4.14E-08 5.08E-08 8.07E-08 8.08E-08 1.02E-07
Sr 2.01E-09 5.88E-09 7.30E-09 7.86E-09 8.53E-09 4.03E-09 2.55E-09 1.09E-09
Mn 4.26E-07 1.02E-06 4.95E-07 5.01E-07 7.43E-07 nd nd nd
Zn 8.13E-08 2.69E-07 1.10E-07 1.10E-07 2.03E-07 nd nd nd
TOC 3.94E-07 3.04E-07 3.05E-07 3.15E-07 2.03E-07 nd nd nd
TN as NO3

2- 5.79E-09 2.55E-09 2.77E-09 3.17E-09 0.00E+00 nd nd nd

Average Leachate Composition (mol/m2)
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TABLE 4.  Comparison of compiled NADP precipitation data and leachate solutions 
from LFG-006 Bench 9. (na= not available; nd= not detected) 

Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD Average
pH 5.028 3.5% 2.92 0.0% 3.04 0.0% 3.96 0.5% 3.94 0.9% 4.35 0.0% 6.26 1.8% 6.74 0.6% 4.99
Cond. (mS 0.009 18.1% 5.33 0.3% 6.26 7.0% 3.47 4.5% 3.35 2.5% 3.79 4.3% 2.60 1.1% 1.25 7.7% 0.70
Fluoride na 6.63 5.2% 27.42 0.1% 16.13 112.6% 17.33 115.7% 12.15 5.3% 0.88 0.0% 0.97 16.9% 0.60
Chloride 0.068 31.0% 7.66 0.0% 10.66 14.9% 7.94 3.3% 6.76 7.3% 3.77 141.4% 6.26 6.0% 6.21 6.4% 6.99
Sulfate 0.718 19.6% 2219.83 3.7% 2915.26 0.5% 1519.61 0.3% 1612.14 8.6% 1480.71 1.3% 784.18 0.8% 453.13 5.5% 210.99
Al na 107.31 1.3% 198.06 0.4% 49.63 32.0% 49.97 30.8% 22.08 0.4% nd nd 0.12
Ca 0.257 24.9% 393.66 2.8% 396.78 0.9% 417.38 11.1% 428.31 6.5% 438.31 6.0% 184.69 0.6% 118.47 0.8% 53.76
Fe na 139.63 2.3% 48.23 2.3% nd nd nd nd nd nd
K 0.031 48.2% 0.57 17.8% nd 6.97 4.4% 7.58 1.5% 5.50 1.8% 4.69 0.8% 4.96 0.1% 5.95
Mg 0.019 25.5% 62.84 0.6% 168.19 0.6% 58.70 48.0% 58.74 46.4% 44.58 1.4% 98.31 1.6% 49.69 1.2% 22.75
Na 0.057 57.5% 0.39 3.4% 0.36 0.0% 1.06 22.6% 1.43 10.8% 1.76 0.8% 2.79 3.2% 2.80 1.1% 3.52
Sr na 0.27 1.7% 0.85 0.5% 0.96 38.6% 1.04 36.6% 1.13 5.5% 0.53 1.7% 0.34 0.0% 0.14
Mn na 35.24 0.8% 103.97 0.6% 40.87 83.3% 41.43 80.7% 61.44 1.8% nd nd nd
Zn na 8.01 0.2% 37.00 1.2% 10.78 71.9% 10.81 69.0% 19.94 3.5% nd nd nd
TOC na 7.13 2.1% 7.08 10.0% 5.52 28.4% 5.70 28.3% 3.66 11.7% 4.61 0.0% 4.92 0.0% 7.52
TN as N na 0.54 8.5% 0.46 6.7% 0.26 141.4% 0.30 141.4% nd nd nd nd
Ammonia 0.346 26.1% na na na na na na na na
Nitrate 1.152 16.7% na na na na na na na na

217
Average Leachate and Precipitation Composition (mg/L)

205 208 215 216NADP 194 195 198
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TABLE 5. Bulk mineralogy of samples (weight percent; DRA-5). SWI=simple 
weathering index, QMWI=Questa Weathering Index (DRA-16, 27) 
sample GHN-

VTM-
0194 

GHN-VTM-
0195 

GHN-
VTM-
0198 

GHN-
VTM-
0205 

GHN-
VTM-
0208 

GHN-
VTM-0215 

GHN-
VTM-0216 

GHN-
VTM-0217 

Geologic unit unit I unit J unit N unit O unit K unit R unit S unit M 

%Rhyolite (Amalia 
Tuff) 

85 75 30 0 10 5 15 60 

%andesite 15 25 70 100 90 95 85 40 

SWI 4 4 3 2 2 2 2 2 

QMWI 5 6 6 6 6 1 1 1 

%quartz 31 31 33 31 27 27 24 34 

%K-spar/orthoclase 22 20 29 13 27 22 27 30 

%plagioclase 14 14 12 16 21 21 23 13 

%albite         

%anorthite         

%biotite    1E-04     

%illite 15 16 13 22 2.6 8  8 

%chlorite 4 5 3 5 6 6 5 2 

%smectite 2 3 2 2 2.8 3 7 5 

%kaolinte 1 2 1 1 0.9 1 1  

%epidote 2.6 0.5 2 1E-04 9.8 6 8 3 

%Fe oxides 2.7 4 4 7 1.3 3 3 3 

%goethite  0.1 0.09      

%hematite  0.2 0.2      

%rutile 0.5 0.4 0.3 0.4 0.7 0.7 0.6 0.3 

%apatite 0.6 0.7 0.4 0.4 0.6 0.7 0.7 0.4 

%pyrite 2.3 0.0001 0.1 0.1    0.1 

%calcite 0.6 0.2 0.4 1E-04 0.4 0.6 1 0.6 

%gypsum    0.7     

%detritial gyp 1.7 0.5 0.14  0.2 0.15 0.0002 0.0001 

%authegenic gyp 0.1 1.1 0.06  0.0001 0.15 0.2 0.3 

%zircon 0.03 0.04 0.04 0.03  0.03 0.03 0.04 

%jarosite 0.5 1.4 0.01 0.8     

%copiapite   0.02      

%rhodochrosite    0.5    0.0001 

total 100.63 100.1401 100.76 99.43 100.3 99.33 100.5302 99.7401 
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APPENDIX 3. Description of samples. 
 
Field Id GHN-

VTM-0194 
GHN-
VTM-0195 

GHN-
VTM-0198 

GHN-VTM-
0205 

GHN-VTM-
0208 

GHN-VTM-
0215 

GHN-VTM-
0216 

GHN-VTM-
0217 

UTM easting 
(meters) 

453695.3 453697 453701 
 

453709 453714 453723 
 

453724 
 

453726 
 

UTM northing 
(meters) 

4062143.2 4062143 
 

4062143 4062142 4062142 4062141 
 

4062141 
 

4062141 
 

Elevation (feet) 9732.9 9734.1 9734.73 9733.81 9734.5 9735.76 9735.98 9736.2 

Distance from edge 
of GHN (feet) 

0 5 20 45 61 90 95 100 

Color  Orange 
gray 

Orange 
brown 

Orange 
brown 

Dark brown Brown Dark brown Orange 
brown 

Orange 
brown 

Sorting  Poor Poor Poor Poor Poor Poor Poor Poor 

Consistency  Hard Firm Firm Firm Firm Firm Firm Firm 

Plasticity  Medium High High Medium Medium Medium Medium Medium 

Cementation  Weak Well Well Moderate Moderate Moderate Moderate Moderate 

Paste pH 2.34 2.64 3.58 3.70 4.32 9.60 9.43 9.56 

 


