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ERRATA- MARCH 1998 

1. Nitrate concentrations in this report should be listed as nitrate-nitrogen. This change does 
not affect any values or interpretations presented in the report, since nitrate-nitrogen is the 
standard method of reporting nitrate results and evaluating health effects. 

2. Phosphate concentrations in the report should be listed as phosphate-phosphorus. To get 
concentrations of phosphate, multiply concentrations presented in the report by 3. This does 
not affect any statistical tests performed for the baseline report. 

3. Sulfate concentrations in the report are incorrectly listed as "sulfate." The concentrations 
provided are actually sulfate-sulfur. Since the standard format for reporting sulfate is as 
sulfate, not sulfate-sulfur, all concentrations in the report would increase by a factor of 3. 
This change has no effect on correlation tests, hypothesis tests, and geochemical 
interpretations. However, in addition to concentrations provided in Tables D.6 through 
D.44, the information provided in Table D.112 would change. These changes are 
summarized below. 

Aquifer No. of exceedances of No. of actual 
MCL reported in exceedances of MCL 

baseline report ( corrected data) 

Cretaceous (KRET) 6 17 
Precambrian crystalline (PCCR) 1 1 

Precambrian undifferentiated (PCUU) 0 1 
Sioux Quartzite (PMSX) 2 2 

buried, artesian Quaternary (QBAA) 24 42 
buried, unconfined Quaternary (QBUA) 2 3 

buried, undifferentiated Quaternary (QBUU) 1 4 
undifferentiated Quaternary (QUUU) 2 2 

water-table Quaternary (QWTA) 1 1 

4. Historically, reports prepared by the Ground Water Monitoring and Assessment Program 
(GWMAP) have reported data in a variety of ways. Regardless of what is indicated in 
previous GWMAP reports, all data for nitrate, sulfate, and phosphate actually represent 
nitrate-nitrogen, sulfate-sulfur, and phosphate-phosphorus. In addition, oxidation-reduction 
potential may have been reported as Eh in some previous documents. All values for 
oxidation-reduction potential or Eh represent field measured oxidation-reduction potential, 
which is not corrected for temperature nor is referenced to the standard hydrogen electrode. 
The current report presents field-measured oxidation-reduction potentials and Eh. The value 
for Eh is referenced to the standard hydrogen electrode and is temperature corrected. 
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Foreword 

Ground Water Monitoring and Assessment Program (GWMAP) staff believe the enclosed report 
represents the most comprehensive study, to date, of water quality in Minnesota's principal aquifers. 
Information in this report can be used by water resource managers to identify baseline-or background 
water quality conditions in areas or aquifers of concern, prioritize ground water problems, and assist in 
site decision-making, provided the limitations and assumptions outlined in the document are understood. 
Although data have been carefully analyzed, compiled, and reviewed independently, mistakes are 
inevitable with a dataset this large. If mistakes are found in this report, please forward them to GWMAP 
staff. Errata sheets will be prepared as needed. 

The report is divided into five parts. Part I summarizes the history of the baseline 
study, including sample design and collection. Part II describes analysis methods. Results 
are provided in Part III. Part IV includes a summary of results and application examples 
and problems. Future objectives of GWMAP and some suggested program improvements 
are presented in Part V. 
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Executive Summary 

Understanding baseline or background water quality and chemistry of important aquifers is a 

powerful tool which allows resource managers to identify potential ground water problems, compare site 

concentrations with background concentrations, and develop studies of regional ground water quality. In 

1991, a study was begun within the Minnesota Pollution Control Agency's (MPCA) Ground Water 

Monitoring and Assessment Program (GWMAP) to establish baseline ground water quality in 

Minnesota's principal aquifers. A randomized grid design was established across the state, with a grid 

node spacing of 11 miles. A well from each principal aquifer used as a source of drinking water was 

selected within a nine-mile target area centered on each grid node Between 1992 and 1996, 954 drinking 

water wells were sampled for major cations and anions, trace inorganics, volatile organic compounds 

(VOCs), total organic carbon, total and dissolved solids. Field measurements were made for pH, 

oxidation-reduction potential, dissolved oxygen, temperature, alkalinity, and specific conductivity. 

Mean, median, minimum, maximum, 95th percentile, and 95th upper confidence limit concentrations 

were determined for all inorganic parameters for thirty individual aquifers, seven age-based aquifer 

groups, and four hydrology-based aquifer groups. Effects of well diameter, sampling year and month, 

presence or absence of VOCs or tritium, well depth, static water elevation, geographic location, and 

redox parameters ( dissolved oxygen, total iron and manganese concentrations, and oxidation-reduction 

potential) on concentrations of each chemical parameter were determined for all aquifers and aquifer 

groups. Concentrations were compared with drinking water criteria and a risk analysis was completed. 

A geochemical analysis was also completed for each parameter. Chemicals were divided into six 

categories based on the potential for ground water to become contaminated under equilibrium conditions. 

Results are presented in Baseline Water Quality of Minnesota's Principal Aquifers (MPCA, 1998). 

GWMAP is using the results of the baseline study to design additional studies to investigate the effects 

of human activity on ground water quality. These studies focus on identifying the primary human 

activities which affect ground water, quantifying risk to human and ecological receptors, and 

determining the effectiveness of management practices. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 1 
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Part I: Baseline Design and Implementation 

The mission of the Minnesota Pollution Control Agency's (MPCA) Ground Water Monitoring 

and Assessment Program (GWMAP) is to examine the quality of ground water in the state's principal 

aquifers, establish baseline conditions, assess changes in these conditions with time, evaluate effects of 

human activity on ground water quality, and communicate results to the public in a meaningful way. 

This report is a compilation and analysis of ground water quality data for 954 primarily domestic wells 

collected in 86 counties between 1992 and 1996. Together, the dataset comprises the Ambient Statewide 

Baseline Study (hereafter, baseline study) as originally envisioned in the redesign of Minnesota's 

ambient ground water monitoring program (Myers et al., 1992). GWMAP staff feel the results of the 

baseline study provide information about "background" water quality in Minnesota's principal 

aquifers provided limitations and assumptions outlined in this document are understood. 

1.1 Program History 

Minnesota's first ambient ground water monitoring network was designed in the late 1970's by 

the United States Geological Survey (USGS) under contract to the MPCA (Hult, 1979). The program 

was designed to improve knowledge of the quality of the state's principal aquifers by studying them on a 

continuing basis. Between 1978 and 1990, the program collected approximately 1100 samples from 314 

points, including wells and some springs, across the state. Wells were selected to represent, to the best 

extent possible, the state's principal aquifers. Selection was not random, but was skewed toward areas of 

greater population density and increased ground water use. Inadequate funding, shifting priorities, and 

inconsistencies in sampling methods and parameters analyzed made data collection and interpretation 

difficult. However, MPCA published several compilations of this data throughout the program and the 

chemistry data for the 314 stations established during the 12 years the program operated are stored in the 

national water quality database, STORET. 

In 1989, the MPCA received a $196,000 grant from the Legislative Commission on Minnesota 

Resources (LCMR). Part of this grant was used to redesign Minnesota's ambient ground water 

monitoring program (Myers et al., 1992). Three components of GWMAP were established: baseline 

assessment, trend monitoring, and development of regional cooperatives. The baseline component was 

intended to establish ambient or "background" water quality of Minnesota's principal aquifers. Specific 

objectives of the baseline component were to establish median and 95th percentile concentrations for the 

chemistry of the principal aquifers, quantify the spatial distribution of water quality parameters in these 

aquifers, and identify potential ground water quality concerns. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 3 
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During 1990 and 1991, most of the ground water monitoring staff effort was directed toward the 

redesign, including developing what was to become GWMAP's ground water sampling protocol. The 

1991 field season included testing and calibrating field procedures. The sampling protocol has been 

refined over the years and the most recent version (Revision 3.0) has been published as the GWMAP 

Field Guidance Manual (MPCA, 1996). Beginning in the fall of 1992, the sampling protocol was in 

place and a budget was established in support of sampling activities. A technical services contract for 

analytical support was negotiated with the University of Minnesota Research Analytical Laboratory and 

a Quality Assurance/Quality Control (QA/QC) Policy was established (Research Analytical Laboratory, 

1997). Sampling began with collection of 15 8 samples from six bedrock aquifers in cooperation with 

water resource managers from nine southeast Minnesota counties (Tipping, 1994 ). During the 1993 field 

season, 206 samples were collected in the southern one-quarter of the state and a portion of the Red 

River Valley. Results from the combined dataset of364 wells are found in MPCA, 1994. 

During the 1994 field season, an additional 197 samples were collected in 19 counties. Results 

of the baseline study to that point are found in MPCA, 1995. Sampling to complete statewide coverage 

continued during the 1995 and 1996 field seasons. By September 1996, sample collection was 

completed. Although the redesign report somewhat overestimated the availability of wells in some areas 

of the state, the 954 wells comprising the statewide baseline component ofGWMAP meet the state's 

needs for a dataset of baseline ground water quality of Minnesota's principal aquifers. 

1.2 Hydrogeologic Setting 

Minnesota, the twelfth largest state, obtains its ground water from 14 principal aquifers 

(Adolphson, et al., 1981) which span over four billion years of geologic history. Although Minnesota is 

widely known for its 10,000 lakes, nearly all the rural population of the state depends on ground water 

for a water supply. Buried and surficial sand and gravel aquifers left by several glacial advances over 

much of the state in the last million years are composed of outwash, beach ridge, and ice contact 

deposits. Sandstone and carbonate rocks of Paleozoic and late Precambrian age comprise aquifers which 

support the population of much of the southeast part of the state, including the metropolitan areas of the 

Twin Cities and Rochester. Early Precambrian aquifers of granite, basalt and quartzite are locally 

important, although they generally yield relatively small amounts of water. Part II of this report contains 

a list of individual aquifers, arranged by geologic age. The interpretation of ground water chemistry data 

in Part II includes a comparison among age groups and individual aquifers. 
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1.3 Well Selection Using GIS 

Minnesota has over 200,000 active water wells, so choosing a representative group of these wells 

to define water quality of the principal aquifers is a formidable job. GWMAP chose a geographic 

information system (GIS) as an automated prescreening mechanism to facilitate well selection. GIS 

allows a sampling grid to be layered over hydrogeologic criteria and well location information to ensure 

an efficient and cost-effective selection process for designating wells that are useful for evaluating 

baseline ground water quality conditions. Grid-based sampling was first implemented in GWMAP 

during the 1991 protocol test phase using a manually-generated spatial grid defined by the Public Land 

Survey (PLS). Although the PLS is not 100 percent geographically uniform, it originally was selected as 

a basis of the grid to expedite well selection from existing digital databases in which wells are located by 

PLS section. GWMAP has since developed an improved automated grid overlay combining use of 

ARC/INFO1 (Environmental Systems Research Institute, 1993) and global positioning system (GPS) 

technology (Hsu et al., 1993; Hsu et al., 1996). 

The statewide sampling grid, generated from a randomly selected origin, consisted of about 700 

square cells, each comprised of an 11-by-11 mile square, or 121 square miles (Figure E.l). The centroid 

of each cell was extracted to produce the origin of each sampling zone, a three-by-three mile square, 

from which the wells chosen as candidates for sampling were selected. The sampling zones were then 

made into a GIS coverage and overlaid on top of the PLS coverage to extract those sections which were 

associated with each of the sampling zones. The County Well Index (CWI), a statewide electronic well 

log database (Wahl and Tipping, 1991 ), was imported as a point coverage and overlaid with the selected 

~LS section coverage so that wells falling within the sampling zones could be identified electronically as 

potential candidates for sampling. For wells that fall within the zones, actual well construction records 

were pulled for review, or, as has been the case more recently, reviewed electronically on CWI. 

Typically, five to ten percent of all selected wells meeting the location criteria were sampled. This 

accounted for hydrogeologic and well construction criteria and the cooperation by well owners 

participating in the program. Selecting wells in this manner provides a water quality analysis which 

predominantly reflects the natural composition of ground water, but also includes some overlay of 

human activity. Distinguishing between these two is difficult and was not a specific objective of the 

baseline study. For a complete discussion of how CWI was used and wells were selected, see MPCA, 

1994. 

1 Mention of a particular product or company does not imply endorsement or preference over similar products not 
mentioned. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 5 
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1.4 Field Sampling Protocol 

GWMAP' s field sampling protocol is discussed in detail in the GWMAP Field Guidance Manual 

(MPCA, 1996), so only some of the major features are highlighted here. The on-site well sampling 

procedure used for obtaining all the baseline samples is shown by the flow chart in Figure E.2. The 

primary selection criterion for a well was that it be located within the target grid cell. This involved two 

checks, first, that the well to be sampled matched the selected well log and owner description, and 

second, that the well log had the correct location information with it so that the sample location could be 

verified as being within the grid cell. The Field Sampling Protocol requires that two people be in the 

field to collect a sample: the Recorder and the Operator. The Recorder's primary responsibilities were 

taking and recording GPS readings, operating the data logger, completing the well sampling field form 

(including a site map) on the back of the well owner calling checklist, ensuring that the well met the 

stabilization criteria prior to sample collection, and ensuring that all samples were collected in properly 

labeled and preserved bottles. The Operator's primary responsibilities were t<? set up and calibrate the 

equipment, ensure that the equipment was functioning properly, observe all measurements, collect the 

samples, and pack up the equipment. 

GWMAP employed GPS technology in the field to locate its wells with five-meter accuracy. A 

description of the equipment used and specifications are listed in Appendix A. Data were downloaded to 

personal computers using the Pathfinder software package supplied with the receiver (Hsu et al., 1993). 

At the sampling site, the receiver was typically placed on the wellhead and continuously logged for about 

five minutes. This technology is suitable for any program that is designed to conduct either large-area or 

intensive monitoring activities. In 1995, efficiency was further increased by the addition of three data 

loggers and bar coders which replaced the need for paper field forms and the need to manually label and 

track sample bottles. Operation of the data logger/bar coder system is discussed in detail in GWMAP's 

Field Data Entry System (FDES) Operating Manual (MPCA, 1997). 

Sample bottle descriptions and preservatives used are summarized in Appendix B. The filling of 

sample bottles requires only a few minutes, but samplers spent anywhere from 30 minutes to as long as 

two hours at a site, depending upon how much time was required to purge and stabilize the well. The 

amount of time required at each site depended upon the diameter and depth of water column in the well, 

since a minimum of three well volumes needed to be removed from the well casing. During collection of 

the baseline sample dataset (1992-1996), the instrument display was observed and recorded at three 

minute intervals for at least nine minutes. Parameters measured in the field included alkalinity 

(titration), dissolved oxygen, pH, specific conductivity, oxidation-reduction potential, and temperature. 

The sampler watched for stability of pH(± 0.1 pH units), specific conductivity(± five percent for three 
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consecutive readings), and temperature(± 0.1 degree Celsius) readings. Alkalinity titration was 

performed on-site by the Recorder as the Sampler filled the sample bottles. Samples were immediately 

placed in a cooler and iced to four degrees Celsius until being placed in a dedicated refrigerator at the 

MPCA field operations center. From there, they were delivered to the appropriate analytical laboratory 

to meet holding time requirements. 

1.5 Analytical Parameters 

One of the desired goals of the baseline network was to develop an analytical parameter list 

which would be applied consistently throughout the duration of the five-year project. Addition or 

deletion of parameters was done only by careful consideration and consensus of the team. Of the 52 

inorganic parameters analyzed for the baseline network and listed in Appendix C, 41 have ten or fewer 

missing results. Four metals--bismuth, cesium, tin and zirconium-were added to the analytical list at 

the start of fiscal year 1996. One parameter, mercury, was dropped from the analytical list at the end of 

the 1994 field season for the reasons described in MPCA, 1995. A complete synopsis of chemical 

parameters analyzed by GWMAP, number of detections, and any censoring values applied may be found 

in Part II of this report. Appendix C also contains a list of the 68 Volatile Organic Compounds (VOCs) 

analyzed by GWMAP. 

1.6 Summary of Sampling Locations 

Well sampling, by year, is summarized in Figure E.3. Well sampling, by aquifers, is 

summarized in Figures E.4 through E.10. Aquifers are grouped by age of the deposit, such as Cambrian 

and Ordovician, except for the Quaternary aquifers, which are divided into buried and surficial 

Quaternary aquifers. Information on the number of samples collected from each aquifer is summarized 

in Tables D.6 through D.44. 
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Part II: Data Analysis Methods 

Following completion of sample collection and laboratory analysis, the task of data analysis 

began. Data analysis methods employed within GWMAP are discussed in Data Analysis Protocol for 

the Ground Water Monitoring and Assessment Program (MPCA, 1998). Prior to conducting specific 

statistical analysis of the data, quality assurance analyses were completed. Following analyses of 

quality assurance, statistical analysis was performed, including descriptive summaries, hypothesis tests, 

and correlation tests between chemical concentrations and various factors. General procedures for 

conducting these analyses are summarized below. 

2.1. Quality Assurance Analysis 

The objective of quality assurance analysis is to evaluate the accuracy and precision of 

laboratory and field sample results. Erroneous or questionable data may occur as a result of sample 

preparation and collection in the field, sample storage and transport prior to delivery at the laboratory, 

laboratory procedures (including reporting), and data entry. Data which fail quality assurance guidelines 

may require re-sampling, flagging of questionable data, eliminating questionable data from the data set, 

and changing sample collection or analysis procedures. Routine Quality Assurance/Quality Control 

(QA/QC) procedures which are now implemented by GWMAP staff are described below in bold. 

• Samples exceeding recommended holding times are flagged. Re-sampling may occur but is 

not required. Results may be discarded. No well was re-sampled and no data were discarded 

due to holding time requirements. Laboratory turnaround times for sample analysis were 

typically four to six weeks for inorganics and two to four weeks for Volatile Organic 

Compounds (VOCs ). These turnaround times include report generation. It is unlikely holding 

times were exceeded for inorganic samples. VOC samples were typically brought to the 

laboratory in batches. Some VOC samples in these batches may have been collected a few days 

prior to sample delivery. With a VOC holding time of fourteen days, it is possible holding times 

may have occasionally been exceeded. The holding time requirement is most critical for highly 

volatile or degradable VOCs. 

• Samples in which reporting limits (RLs) are raised during laboratory analysis are flagged. 

RLs were not raised for the baseline data. 

• Charge balances exceeding ± 5 percent are flagged and samples are re:..analyzed once. This 

procedure was implemented after 1994. In most cases, re-analyzing the sample did not improve 

the charge balance. Possible reasons for this are presented in Section 3 .1. 
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• Concentrations in primary and field duplicate samples which differ by more than 

ten percent in any individual sample are flagged and possibly re-analyzed. These samples 

were not flagged by GWMAP staff during the course of baseline sampling. This analysis was 

performed for this report. 

• Concentrations in field samples and laboratory duplicates which differ by more than 

ten percent in any individual sample are flagged and possibly re-analyzed. These samples 

were not flagged by GWMAP staff during the course of baseline sampling. This analysis was 

performed for this report. 

• Surrogate and spike recoveries which are not within acceptable limits are flagged and the 

sample batch may be re-analyzed. Surrogate recoveries for organic and inorganic compounds 

should be greater than 80 percent and less than 120 percent. Recoveries were within acceptable 

limits for all baseline samples. 

• Total dissolved solid concentrations (mg/L) less than 55 percent or greater than 76 percent 

of the conductivity (umhos/cm) are flagged. For flagged data, ratios of conductivity to meq of 

cations less than 50 or greater than 150 are flagged. For these flagged data, the value for 

conductivity is considered invalid and is removed from the data set. This procedure was not 

applied during baseline sampling, although the ratios were computed. 

• If a common organic laboratory contaminant (methylene chloride, phthalates, acetone) is 

found in a laboratory or trip blank at a concentration greater than ten percent of the 

concentration reported in a sample, the sample is flagged. GWMAP considers these samples 

to represent false positives and they are treated as a non-detect. For uncommon organic 

laboratory contaminants, a value of 20 percent is used. 

Other data quality tests which are sometimes utilized for data analysis and may indicate potential 

problems with the data are summarized below. 

• (Mg/(Mg+Ca)) greater than 40 percent; 

• (Na/(Na+Cl)) less than 50 percent; 

• (Ca/(Ca+SO4)) less than 50 percent; and 

• (K/(K+Na)) greater than 20 percent. 

These were not performed during baseline sampling but have been calculated for this report. 

2.2. Inorganics 

Analysis for synthetic organic compounds (pesticides and VOCs) and inorganics differs in two 

respects. First, inorganic chemicals are found naturally in ground water, although sometimes at very low 
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concentrations. Concentrations in ground water may increase as a result of human activity, but it is 

difficult to differentiate between natural and anthropogenic contributions. Most of the organic 

compounds sampled as part of the baseline assessment are not naturally occurring and result from 

industrial use of chemicals (including disposal), agriculture, spills and leaks, atmospheric fallout and 

subsequent leaching, landfills, and so on. Second, detection frequencies are much lower for most organic 

chemicals. Because of the low frequency of detection and the anthropogenic nature of most organics, the 

distribution of organics can be treated as a binomial population where the chemical is either present or 

absent. Inorganic chemicals are treated as a normally or log-normally distributed chemical in which 

parametric and nonparametric statistical methods may be used to describe and predict the distribution of 

these chemicals. Inorganics are discussed in this section and organics are discussed in Section 2.3. 

2.2.1. Descriptive Summaries 

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) 

Version 6.1.2. Descriptive statistical analysis was performed for individual aquifers and combinations of 

aquifers. All sampled wells were selected from the County Well Index (CWI) (Wahl and Tipping, 1991). 

CWI is a database containing information for thousands of wells drilled in Minnesota. Within CWI, each 

well is assigned a four-letter code corresponding with the most likely geologic formation in which the 

well is completed. The first letter in the sequence defines the geologic time in which the deposit formed. 

Thirty aquifer designations were encountered during sampling. These are summarized in Table 1. A 

detailed discussion of CWI and how it was used in well selection is described in MPCA, 1994. 

Statistical methods are discussed further in MPCA (1998), SPSS Inc. (1996), Adkins (1993), United 

States Environmental Protection Agency (USEPA) (1989), and.Montgomery (1984). 
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Table 1.: Summary of aquifers and aquifer groups. 

CWI 1 I'·•·· <.· •••• . / ,,);,i1·~·~u~;1;;1'<' .,,, : A.911ifetl\.ge, ,(;roiip • ••• Aq,11ifef :H,ydrolqgi~, G.r9~p >: 
){ ,. ,~oae:·· ; .,,:· .,·., .:· f , .. ·.·, '< .. ·. ,. 

: ., 

CFIG Franconia-Ironton Galesville Cambrian Franconia-Ironton-Galesville 
CFRN Franconia Cambrian Franconia-Ironton-Galesville 
CIGL Ironton-Galesville Cambrian Franconia-Ironton-Galesville 
CJDN Jordan Cambrian St. Peter-Prairie du Chien-Jordan 
CMSH Mount Simon-Hinckley Cambrian Mount Simon-Hinckley 
CMTS Mount Simon Cambrian Mount Simon-Hinckley 
CSLF St. Lawrence-Franconia Cambrian -
CSTL St. Lawrence Cambrian -
DCVA Cedar Valley Devonian Upper Carbonate 
KRET Cretaceous Cretaceous -
OGAL Galena Ordovician Upper Carbonate 
OMAQ Maquoketa-Galena Ordovician Upper Carbonate 
OPDC Prairie du Chien Group Ordovician St. Peter-Prairie du Chien-Jordan 
OPVL Platteville Ordovician Upper Carbonate 
OSPC St. Peter - Prairie du Chien Ordovician St. Peter-Prairie du Chien-Jordan 
OSTP St. Peter Ordovician St. Peter-Prairie du Chien-Jordan 
PCCR Crystalline rocks Precambrian -
PCUU Undifferentiated Precambrian -
PEBI Biwabik Iron Formation Precambrian -
PMDC Duluth Complex Precambrian -
PMFL Fond du Lac Formation Precambrian -
PMHN Hinckley Sandstone Precambrian Mount Simon-Hinckley 
PMNS North Shore Volcanic Group Precambrian -
PMSX Sioux Quartzite Precambrian -
PMUD Middle Proterozoic rocks, Precambrian -

undifferentiated 
QBAA Buried artesian aquifer Buried Quaternary -
QBUA Buried unconfined aquifer Buried Quaternary -
QBUU Buried unconfined Buried Quaternary -

undifferentiated 
QUUU Unconfined undifferentiated Surficial Quaternary -
QWTA Water table aquifer Surficial Quaternary -

Descriptive statistics were generated for each of these thirty aquifers for 52 chemical parameters. 

Descriptive statistics include the mean and upper 95th percent confidence limit of the mean for data 

which fit a normal or log-normal distribution, the median, 95th percentile, minimum, and maximum 

concentrations for each chemical parameter. Parametric analysis (mean and 95th percent mean 

concentrations) was performed for data which fit a normal or log-normal distribution. The procedure for 

calculating descriptive statistics is summarized below. 
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1. Calculate nonparametric statistics (median, minimum, maximum, and for sample sizes of 20 or 

greater, the 95th percentile). 

2. Censor data at the highest reporting limit. All non-detections and detections below the highest 

reporting limit were assigned the same value. This value was less than the highest reporting 

limit. Censored values are treated as missing data for parametric analysis and equal values for 

nonparametric analysis. 

3. For uncensored data, Kolmogorov-Smirnov and Shapiro-Wilk statistics were calculated. If 

either of these values was greater than 0.05, the data were assumed to be normally distributed. If 

both values were less than 0.05, the statistics were calculated for log-transformed data. If the 

values were less than 0.05 for transformed data, the data were assumed to be non-normally 

distributed and parametric statistics were not calculated. 

4. For censored data, parametric statistics were calculated using Helsel's Robust method (Newman 

et al., 1995). This method employs curve-fitting techniques to "fill in" censored data using 

information from the detections. The data are assumed to follow a log-normal distribution 

described by the z distribution. 

The above procedure has the following limitations. 

• Data were not examined for outliers ( an outlier is defined as the upper 95th percent confidence 

level plus 1.5 times the standard deviation). Outliers do not have an effect on nonparametric 

descriptives unless percentiles are being calculated near the maximum and minimum values in 

the data and these data are not representative of the overall population. Outliers may have a 

significant effect on parametric descriptive statistics, particularly for small sample sizes. 

• Only normal and log-normal distributions were considered. 

• All data were considered to be derived from a single population. When considering a single 

aquifer such as Quaternary water table aquifers (QWTA), this assumption is valid because the 

effect of individual factors on the data distribution are not being considered. Combining all data 

into a single sample population will "smooth out" variability associated with factors which may 

have significant effects on the distribution of data. More detailed factor analysis for individual 

aquifers will be perform,ed in subsequent reports. 

• Aquifer designations within CWI are subject to interpretations by geologists. There are at least 

four concerns with this. First, QWTA wells are classified as such because they have less than 

ten feet of confining material between the land surface and the potentiometric surface. A check 

of water levels in QWTA wells reveals that many of these wells could be classified as confined. 

Second, many individual aquifers are in hydrologic connection and can be treated as a single 
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aquifer. For example, in many places, the Prairie du Chien (OPDC) and Jordan (CJDN) aquifers 

behave as a single aquifer, while in other areas they behave as independent aquifers. Third, no 

distinction is made between unconfined and confined aquifers for the same bedrock unit. The 

Prairie du Chien aquifer may be the uppermost aquifer in some areas but may be well protected 

in others. Although spatial analysis cannot be performed on the baseline data due to the large 

grid spacing, visual inspection of analytical results indicates water quality in areas where 

bedrock aquifers are the uppermost geologic unit differs.from areas where these aquifers are 

confined. Fourth, the effect ofkarst is ignored. A single sample collected from a karst aquifer 

may not accurately represent overall water quality in that well because of large temporal 

variations in water quality. This same concern exists, to a lesser extent, for shallow outwash 

aquifers. These factors were not considered in well selection because the objective was to assess 

baseline ground water quality. Selecting wells based on geologic criteria would introduce a bias 

into the sampling procedures. Subsequent studies conducted by GWMAP which focus on 

specific hydro logic problems or effects of human activity on ground water quality will require 

careful screening of individual wells, because understanding local geology and hydrology are 

critical for these types of studies. 

• For some chemical parameters, there were multiple reporting limits. Censoring at the highest 

reporting limit resulted in a loss of data for some parameters. 

These limitations were partly imposed because individual wells were not selected based on geologic 

criteria (other than having the appropriate four-letter designation) and because data were not rigorously 

analyzed until all samples had been collected. Despite these limitations, the sampling methodology 

(Meyers et al., 1991 ), the shear mass of data, and the conservative assumptions used in the analysis are 

considered to result in an analysis which provides meaningful descriptive information provided these 

limitations are kept in mind. 

In addition to the individual aquifer analysis, two aquifer groupings were considered. The first 

grouping was based on age of deposit. This was an analysis which could be quickly implemented 

because of the CWI designation in which the first letter represents the age of the deposit. All Cambrian, 

Ordovician, Precambrian, buried Quaternary, and surficial Quaternary samples were combined as 

separate groups (see Table 1). Devonian and Cretaceous aquifers also represent age-related groups, but 

only one aquifer contributed to these groups. Note that a single age-based group, the Quaternary aquifer 

group, was divided into two groups - surficial and buried. Before descriptive analysis was conducted, 

hypothesis testing was performed to determine which parameters were appropriate for analysis. The 

Kruskal-Wallis test was used for more than two independent samples to determine if concentrations for a 
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chemical parameter differed between the individual aquifers comprising the group. If concentrations 

differed (at the 0.05 level), descriptive analysis was not performed for that parameter. This means, for 

example, if nitrate concentrations in the Jordan (CJDN) and Mount Simon-Hinckley (CMSH) aquifers 

differed (at the 0.05 level), then an overall nitrate concentration for the Cambrian group was not 

computed. Such a calculation would have no meaning since nitrate levels in two of the aquifers 

contributing to the group differ and represent different populations. 

The second grouping was based on aquifers considered to be hydrologically connected. Four 

aquifer groups were identified: the St. Peter-Prairie du Chien-Jordan aquifer (OSTP-OPDC-CJDN); the 

Franconia-Ironton-Galesville aquifer (CFIG-CFRN-CIGL); the Mount Simon-Hinckley aquifer (CMSH

CMTS-PMHN); and the Upper Carbonate aquifer. Individual aquifers comprising these aquifer groups 

are summarized in Table 1. The Kruskal-Wallis test was used for more than two independent samples to 

determine if concentrations for a chemical parameter differed between the individual aquifers comprising 

the group. If concentrations differed (at the 0.05 level), descriptive analysis was not performed. for that 

parameter. 

A third grouping which was not utilized in this study would be between similar geologic 

deposits. For example, limestone-dolomite aquifers, sandstone aquifers, sand and gravel aquifers, 

aquifers of volcanic origin, and aquifers of metamorphic origin may comprise different groups. This 

analysis may prove insightful when conducting regional analysis of the data in subsequent reports. 

2.2.2. Factor Analysis 

Factor analysis involved hypothesis testing and correlation analysis. Hypothesis tests involve a 

comparison of concentrations between two or more factors. The factors are therefore discrete rather than 

continuous variables. An example of a hypotheses test is determining if concentrations of lead in 

Quaternary water-table aquifers (QWTA) wells differ between wells with diameters of four and twelve 

inches (at the 0.05 level). If they do, then wells should be divided into well diameter classes when 

conducting additional analysis because each diameter class ( discrete variables) represents a different 

population. Correlation analysis involves evaluating a response in concentration to a continuous 

variable. An example of a correlation analysis is determining if the concentration of lead in QWTA 

wells changes in a predictable manner with well diameter. In this case, well diameter is treated as a 

continuous variable ranging from four to twelve inches. If the relationship between lead concentration 

and well diameter is significant, we can predict the concentration of lead for a particular well diameter. 

The number of potential factors and factor combinations that affect water quality is very large. 

Some of these will be discussed in subsequent reports. In this report, hypothesis tests were performed to 
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determine if concentrations of each chemical parameter varied within the following factors, which were 

divided into discrete classes: 

• aquifer (for all chemicals)- thirty aquifer classes (see Table 1); 

• aquifer groups (for all chemicals) - seven age-based classes and four hydrology-based classes 

(see Table 1); 

• well diameter (by aquifer group and overall for all chemicals) - nine diameter classes (4, 5, 6, 7, 

8, 12-16, 24, 30, and 36 inches); 

• presence of detectable tritium (by aquifer group and overall for all chemicals) - two classes, 

detected or not detected; 

• presence of detectable VOCs (by aquifer group and overall for all chemicals)- two classes, 

detected or not detected; 

• year of sampling (by aquifer group and overall for all chemicals) - five year classes ( 1992, 1993, 

1994, 1995, 1996);and 

• month of sampling (by aquifer group and overall for all chemicals) - twelve month classes 

(January through December). 

Hypothesis tests were conducted by stating a null hypothesis, which was rejected if the test 

significance was 0.05 or less. The null hypothesis in all cases was that chemical concentrations did not 

differ between the factor categories being compared. Nonparametric tests were conducted, including the 

Mann-Whitney test for pairwise comparisons and the Kruskal-Wallis test for multiple comparisons. If 

the null hypothesis was rejected using the Kruskal-Wallis test, the Least Significance Difference method 

was used to determine which variables differed (Montgomery, 1984). For the aquifer groups, hypothesis 

tests were performed only for those parameters in which concentrations did not differ between the 

aquifers comprising the group. 

All hypothesis tests involved single factor analysis. This means that combinations of two or 

more factors, such as well type and well diameter, were not considered. Single factor analysis 

emphasizes differences in concentration associated with a particular factor, but weakens the ability to 

predict a concentration. This is because the concentration of a chemical in any given well is a function 

of many factors. Analysis was limited to those aquifers and aquifer groups with sufficient sample size. 

Spearmann rho correlations were calculated between each chemical parameter and well depth, 

depth to water, Universal Trans Mercator (UTM) east coordinate, and UTM-north coordinate. 

Correlations were calculated for each aquifer group. A test value of 0.05 was used to identify significant 

correlations. The correlation coefficient (R2) describes the fraction of variability accounted for by the 

factor being considered. Spearmann rho correlations were also calculated between each chemical 
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parameter and dissolved oxygen, oxidation-reduction potential, iron, and manganese. These four factors 

provide an indication of redox conditions in ground water. Many chemicals, such as arsenic, nitrate, 

sulfate, and volatile organic compounds (VOCs) are redox-sensitive. 

2.2.3. Health and Risk 

The number and frequency of samples exceeding water quality criteria was calculated for each 

chemical parameter having a water quality criteria. This analysis was performed for all aquifers and 

aquifer groups. Criteria, in priority order of use, were the Health Risk Limit (HRL ), Health Based Value 

(HBV), Maximum Contaminant Level (MCL), and Secondary Maximum Contaminant Level (SMCL) 

(Federal Register, January 30, 1991, p. 3526-3614; and July 1, 1991, p. 30266-30281). 

The primary utility of calculating the number or percentage of wells which exceed a water 

quaiity criteria is identifying the capacity of an aquifer to support a drinking water use. Water quality 

exceedances do not reflect ambient water quality in an aquifer. Conversely, mean and median 

background concentrations do reflect ambient water quality but do not provide an indication of risk to 

ground water receptors. Considering only the mean or median concentrations or the percent of samples 

exceeding drinking criteria ignores chemical additivity. This is because there are some chemicals which 

have the same toxic endpoint. Consequently, the combination of these chemicals needs to be considered 

when assessing potential risk to ground water receptors. 

Risk analysis provides useful information about the potential risk posed to ground water 

receptors. A risk analysis is performed in two stages. First, a hazard quotient is calculated for each 

chemical in a well. A hazard quotient (HQ) is defined by: 

HQ = concentration/risk criteria [l]. 

Appropriate risk criteria include the HRL or HBV. HRLs are defined in the following i:nanner: 

HRLs are promulgated concentrations of a ground water contaminant, in ug/L, which estimates the long

term exposure level which is unlikely to result in deleterious effects to humans. HRLs strictly 

incorporate factors related to human health (Minn. R., Pts. 4 717. 7100 to 4 717. 7800). HBV s have a 

similar definition, with the exception that they are not promulgated and have not undergone rigorous 

external peer review. Drinking water criteria are calculated based on a standard adult (70 kg) ingestion 

rate of two liters of water per day. Uncertainty and other exposure pathways, such as showering, 

cooking, and inhalation of water vapor, are addressed through the use of safety factors. Lifetime 

exposure is assumed to apply to baseline data, since the sampled wells are used for domestic supply. 
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MCLs and SMCLs are not strictly health-based and are therefore not used in calculations of risk. 

The exception was use of arsenic, which has an MCL, in calculations affecting the cancer endpoint. 

SMCLs are not enforceable and do not consider additivity. 

The second step is calculation of a hazard index (HI), which is the sum of hazard quotients for 

chemicals with the same endpoint: 

[2] 

where 1, 2, ... n are chemicals with the same target endpoint. Hazard indices were calculated for each of 

the following target endpoints: 

• cardiovascular or blood system (CV /BLD); 

• central or peripheral nervous system (CNS/PNS); 

• immune system (IMMUN); 

• kidney (KID); • 

• gastrointestinal system or liver (GI/LIV); 

• reproductive system including teratogenic and developmental effects (REPRO); 

• respiratory system (RESP); 

• skin irritation or other effects (SKJN); 

• skeletal system (SKEL); 

• endocrine system (ENDO); 

• cancer; and 

• whole body (BODY). 

As an example, barium and nitrate both have the cardiovascular system as their target endpoint. 

If the concentrations of barium and nitrate in a well are 500 and 1000 ug/L, respectively, the hazard 

quotient for barium is (500/HRL = 500/2000 = 0.25) and the hazard quotient for nitrate is (1000/HRL = 

1000/10000 = 0.10). The overall hazard index for the cardiovascular system is the sum of the individual 

hazard quotients or (0.25 + 0.10 = 0.35), assuming no other chemicals affect the cardiovascular system. 

For this example, the hazard index indicates there are no likely deleterious effects associated with these 

concentrations. 

Hazard indices are not linear and should not be interpreted as quantitative estimates of risk. If 

the HI exceeds 1.0 for an endpoint, further investigation is recommended to evaluate the potential factors 

controlling chemical concentrations and the validity of the exposure assumptions. 
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Median hazard indices were calculated for each target endpoint for each aquifer and aquifer 

group. The percentage of samples for which the HI would be expected to exceed a value of 1.0 were 

calculated for each endpoint and aquifer or aquifer group in which there was a sufficient number of 
~ 

samples to make this calculation. There were no chemicals affecting the respiratory, immune system, 

skeletal, and endocrine endpoints and these endpoints are not included in the tables. 

These calculations represent interpretations at the time of this report. Drinking water 

criteria are updated by the Minnesota Department of Health periodically and interpretations 

therefore are subject to change. Also, ecological receptors were not considered in this report. 

Ground water which discharges to surface water has the potential to impact ecological receptors. 

Ground water concentrations can be compared to aquatic life standards to evaluate potential 

impacts to ecological receptors. 

2.2.4. Geochemical Interpretations for Individual Parameters 

The water chemistry of an aquifer is influenced by many factors, including interaction with the 

unsaturated zone and over- or underlying aquifers, presence of microorganisms, and chemistry of source 

rocks. Despite these, geochemical controls on solubility and chemical form exist for many sampled 

parameters. Within ground water, geochemical reactions are primarily influenced by kinetic constraints 

on dissolution and ion exchange reactions and by oxidation-reduction conditions, since temperature and 

pH are generally within narrow ranges. The objectives of conducting geochemical analysis of ground 

water data are to identify chemical forms likely to exist within an aquifer, particularly those which 

represent a potential health concern, to determine the potential for an aquifer to support chemical 

concentrations which may represent a health risk, and to identify likely source rocks when chemical 

concentrations represent a potential health concern. 

Theoretical concentrations of a chemical can be calculated knowing geochemical conditions in 

an aquifer and making some simple assumptions about potential source rocks. These concentrations can 

then be compared to drinking water criteria to determine if an aquifer is potentially sensitive to 

contamination with this chemical and to measured concentrations to determine if concentration is 

potentially being limited by availability of source rocks. To calculate the theoretical concentration of a 

chemical A in solution, indicated as CA in ug/L, the following general equations are applied: 

AB 

K 

➔ 

➔ 
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-L'.iG0/l .364 logK ➔ 

➔ K * 1 000000*MWt* [ AB]/[B] 

[6] 

[7] 

where ~G0
r represents the Gibbs Free Energy of Formation (kcal/mol), K is the equilibrium or 

dissociation constant, Mwt is the molecular weight of chemical A, and [] represents the molar 

concentration. In actuality, [] represents an activity, but ionic strength effects are ignored in this 

analysis. The activity of the solid,AB, is taken as 1 and it thus falls out ofEq. [4]. Equations 3 and 4 are 

used to calculate K, Eq. [6] is rearranged into Eq.[5] to get the concentration in ug/L. Gibbs Free 

Energy values were obtained from Garrels and Christ ( 1965). The values reported in this text are 

somewhat out of date, but the tables from this text were used because they encompass all chemicals 

sampled during the baseline assessment. 

Equations [3] through [7] are simplistic. They assume the free form of A will be the form 

present in solution. Many chemicals form oxides or hydroxides. Eq. [3] can be modified to reflect these 

forms: 

AB+ nOH" ➔ [A(OH)n] + Bn· 

AB+ 0.5n(H2O) ➔ [AO]+ Bn. + nH+ 

[8] 

[9]. 

Equations [8] and [9] are pH-sensitive, while equations [ 4], [7], [8], and [9] are sensitive to 

concentrations of B (assuming the activity of AB is unity). B typically represents a carbonate, sulfate, or 

sulfide, but may also represent a silicate, chloride, or phosphate. Considering carbonates, the ratio of 

bicarbonate to carbonate is given by: 

[HCO3]/[CO3] = 10·pH110·10
•
3 [10]. 

Even for relatively high-pH ground water (about 8.0), the concentration of bicarbonate is much greater 

than that of carbonate. Eq. 8 therefore needs to be rewritten to reflect the dominance of bicarbonate: 

➔ A2++HCQ3• 

Theoretical concentrations for individual chemicals were calculated using the above principles 

and median values for the entire data set for bicarbonate, sulfate, chloride, silica, pH, and iron. Mean 
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molar concentrations for hydrogen (pH), bicarbonate (alkalinity), and sulfate were 10-1•24, 10-2
•
32

, and 

I o-4, respectively. A value of 10-4 was used for sulfide. 

As an example, consider the theoretical dissolved concentration of cadmium in equilibrium with 

solid cadmium carbonate: 

Using published values for dG0
: 

dG0
r= dG0

B + dG0
A + dG0

AB = (-140.31) + (-18.58) - (-160.2) = 1.31 

log K = -1.31/1.364 = -0.960 

Ccd2+ = 106MWt*[H+][K]/[HCO3-] = l06*112.4*[10·1•
24][10·0•

96]/[10·2•32] = 135 ug/L 

This theoretical dissolved concentration is well above the HRL of 4 ug/L. Field measured Cd 

concentrations are much less than the calculated theoretical value, indicating the availability of 

cadmium-bearing carbonates may be limiting the distribution of cadmium, assuming a system in 

equilibrium with cadmium carbonate. An aquifer in which cadmium solubility is controlled by 

carbonates is susceptible to contamination with cadmium. 

Some simplifying assumptions are utilized in applying Equations [3] through [11]. These are 

discussed below. 

• Activity coefficients are assumed to be equal to 1. This implies that ions in solution behave 

ideally and do not interact with each other or with the solvent, which is water. This 

assumption is reasonable for monovalent chemicals up to ionic strengths ofabout 0.03, for 

divalent chemicals up to ionic strengths of about 0.003, and trivalent chemicals up to ionic 

strengths of about 0.0003. The ionic strength of a solution is a measure of the electrostatic 

field caused by the ions. Consequently, the greater the ionic strength of a solution, the more 

ions interact with each and deviate from ideal behavior. The overall median ionic strength 

for the baseline data was about 0.01. At this ionic strength, activity coefficients for 

monovalent, divalent, and trivalent species will be about 0.90, 0.65, and 0.40, respectively. 

Although these values represent substantial corrections in solubility calculations, the effect 

of activity coefficient is relatively small compared to effects of differences in pH and 

solubility products utilized in the calculations. Nevertheless, theoretical equilibrium 
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concentrations should be considered with these potential adjustments in mind. Additional 

discussion of activity and ionic strength can be found in standard geochemical texts. 

• Overall median concentrations were used in the calculations. Ideally, calculations of 

potential equilibrium concentrations should be done for individual wells, considering 

concentrations of relevant ions, pH, and ionic strength for each well. An analysis of relative 

saturation can then be computed for each well in a particular aquifer, followed by an analysis 

for the entire aquifer. (Neve et al., 1996) completed this analysis for a small set of selected 

parameters for the data set through 1995. Such a procedure is somewhat time intensive and 

is not warranted for this broad overview. However, this analysis procedure is warranted for 

individual chemicals which may represent a potential health concern in an aquifer or 

aquifers. This analysis will be conducted and presented for these chemicals of concern in 

subsequent reports. 

• Ammonia and carbonate were not measured and were considered to be negligible. All 

reported concentrations were assumed to represent dissolved concentrations, which is not 

true since the samples were not filtered. The effect of filtering will be most important for 

iron and manganese. 

• Complexation was ignored. For chemicals which tend to be highly complexed in solution, 

the calculated theoretical concentrations will underestimate the true theoretical 

concentration. 

Because the objective of this geochemical analysis is to generally categorize individual 

chemicals in terms of potential aquifer sensitivity, these assumptions have a minor effect on the 

overall evaluation for each chemical. However, the reader should be aware that chemicals do not 

always fit nicely into these aquifer sensitivity categories. Consequently, there is some discussion in 

Part III of the factors which may lead to increased sensitivity for individual chemicals. 

2.3. Organics - Volatile Organic Compounds (YOCs) 

Organic compounds sampled included Volatile Organic Compounds (VOCs), base-neutral 

pesticides, and total organic carbon. Pesticides were only sampled in wells considered to be 

hydrologically sensitive (e.g., outwash aquifers) and were detected in only two samples. Both detections 

were of atrazine and concentrations were well below the Health Risk Limit (HRL) of20 ug/L. Total 

organic carbon is naturally-occurring organic material in ground water. It is discussed with the inorganic 

chemical parameters, which are also naturally-occurring. The discussion of organics is therefore 

restricted to VOCs. 
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VOCs are carbon-containing compounds that readily evaporate at normal air temperature and 

pressure (USGS, 1996). Statistical analysis ofVOCs is confounded by several factors. First, frequency 

ofVOC detection is typically very small for a randomly selected population of wells (less than 

15 percent of sampled wells). Second, presence ofVOCs is usually the result of human activity, but in 

domestic wells the source of the VOC(s) is difficult to identify. Third, there are several classes ofVOCs. 

Seven classes ofVOCs were established for this report based on chemical and physical properties. These 

are summarized in Table 2. Additional classes of VOCs not detected in any sample and not included in 

Table 2 include alcohols, nonhalogenated aliphatics, amides, amines, carboxylic acids, phthalates, and 

heterocyclic compounds. 

Table 2: Classes ofVOCs used in analysis ofVOC data. 

Class 1. 
Nonhalogenated 

• aromatics 

Class 2. 
Halogenated 

aliphatics (not 
THMs or CFCs) 

Class 3. 
Ketones and 

aldehydes 

Class 4. 
Trihalomethanes 

(THMs) 
Class 5. 
Chloro

fluorocarbons 
(CFCs) 
Class 6. 

Ethers (including 
furans) 

Class 7. 
Polynuclear 

aromatic 
hydrocarbons 

Lighter than water, 
degraded in presence of 

oxygen, high HRLs 
( except benzene), mobile 

in ground water 
Denser than water, 
persistent except in 
strongly reducing 

environments, low HRLs, 
mobile in ground water 
Lighter than water, not 
persistent, high HRLs, 

extremely mobile in 
ground water 

Heavier than water, 
persistent, low HRLs, 

mobile in ground water 
Heavier than water, 

moderate persistence, high 
HRLs, mobile in ground 

water 
Lighter than water, 
persistent if ringed 

structure, low to moderate 
HRLs, very mobile in 

ground water 
Variable density, 

persistence increases and 
mobility decreases with 

increasing molecular 
weight 

Gasoline and fuel oils, 
paints, solvents, 

detergents 

Solvents, degreasers, dry 
cleaners, paints, 
varnishes, paint 

stripping, organic 
synthesis 

Dyestuffs, solvents, 
paints, paint removers, 

adhesives, lacquers 

Well disinfection, 
solvents, refrigerants 

Solvents, refrigerant, 
dry-cleaning, fire 

extinguishers 

Solvents, fuel oils and 
gasoline, glues, chemical 

manufacturing 

Gasoline, lubricants, 
solvents, coal and 

combustion by-products 

Ground Water Monitoring and Assessment Program (GWMAP) 

Benzene, toluene, 
ethylbenzene, styrene, xylene, 
trimethylbenzenes, isopropyl, 
propyl, and butyl benzenes, 

isopropyltoluene 
Di-, tri, and tetrachloroethenes 

and ethanes, 1,2-
dichloropropane, methylene 

chloride 

Methyl ethyl ketone (2-
butanone ), acetone 

Chloroform, 
chlorodibromomethane, 
dichlorobromomethane 

Trichlorofluoromethane, 
dichlorofluoromethane, 

dichlorodifluoromethane 

Tetrahydrofuran, ethyl ether 

Naphthalene 
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The following generalizations should be considered in reviewing Table 2. 

• Chemical persistence is strongly influenced by geochemical conditions in an aquifer. 

• Chemical density is relatively unimportant in domestic wells since concentrations never 

approached the solubility product for any chemical. However, presence of a VOC in a well at 

low concentration does not preclude existence of a dense non-aqueous phase liquid (DNAPL) or 

light non-aqueous phase liquid (LNAPL) source upgradient of the well. 

• The list of common sources for these chemicals is not all encompassing. 

• Nonhalogenated aliphatics, amines and amides, and many alcohols are not included in the 

Minnesota Department of Health Method 465 analysis. 

• Many degradation products, particularly for the halogenated compounds, are not included in 

Table 2 because they were not detected during this study. These compounds are generally more 

volatile and often more toxic and· persistent than the parent material. 

2.3.1. Descriptive Summaries 

Most VOCs are not natural constituents of ground water. Their background concentration is 

therefore assumed to be zero. However, a sample below the reporting limit may not contain VOCs, or 

VOCs may be present at a concentration below the reporting limit. Since it is impossible to know which 

condition applies to a sample, analysis of distribution ofVOCs in ground water is limited to reporting the 

number of samples and detections above the reporting limit, overall, by aquifer, aquifer group, and 

chemical class. 

2.3.2. Factor Analysis 

Distribution ofVOCs may be viewed as a binomial population distributed among non-detections 

and detections. Non-detections are thus treated as zeroes. This approach emphasizes environmental 

conditions which are related to increased likelihood ofVOCs being present in a well. This approach will 

underestimate the number of wells impacted with VOCs, since a chemical may be present below the 

reporting limit but counted as a zero, or a chemical may be present which is not included in the analytical 

method. It is assumed that the database is of sufficient size to allow identification of those factors 

correlated with increased incidence of a VOC detection in ground water. 

Treating the population ofVOCs as a binomial population allows for relatively easy analysis. 

Hypothesis tests (Mann-Whitney test) were conducted to _determine if the concentration of any sampled 

chemical or chemical parameter, well depth, static water elevation, UTM coordinate, or sampling time 

was equal in wells containing a detected VOC compared to wells with no detection. The null hypothesis 
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was that there were no differences between the two groups. A significance level of 0.05 was used to 

identify differences. 

Comparison of chemical concentrations for all sampled wells was discussed in Section 2.2.2. An 

additional analysis was to determine, by chemical class, if chemical concentrations or other factors ( e.g., 

well depth, sampling location) differed in wells with a VOC detection compared to wells with no VOC 

detection. 

2.3.3. Health and Risk 

The discussion of exceedances and hazard indices presented in Section 2.2.3. applies to VOCs. 

Each VOC has one or more target endpoints. Calculations of hazard indices include contributions of 

VOCs, but the contribution of individual VOCs to overall hazard indices are not discussed because they 

are minor relative to the contribution from inorganic chemicals. 

2.3.4. Geochemical Interpretations for Individual Parameters 

The quantity of VOC present in a ground water sample is a function of inputs and attenuation 

processes. If there is no continuous source for the VOC(s) detected in a ground water sample, the 

following assumptions can be made to evaluate fate ofVOCs in an aquifer. 

• Adsorption ofVOCs is negligible. This assumption may fail for highly chlorinated VOCs (tetra

chlorinated species) and in aquifers which have high concentrations of organic carbon. 

• The primary mechanism for attenuation is biological degradation. Chemical degradation is 

unlikely within the ranges of pH and oxidation-reduction potential observed in sampled wells. 

• Transient effects are negligible. Most sampled wells are sufficiently deep to not be highly 

responsive to surface processes, such as recharge. 

Considering these assumptions, degradation pathways and mechanisms can be hypothesized for each 

voe class. 

Nonhalogenated aromatics are degraded in the presence of oxygen. Adjacent hydrogens on the 

ring are replaced with hydroxyl groups. Cleavage of the ring then occurs between the two hydroxyl 

groups, resulting in formation of a bicarboxylic acid. Some nonhalogenated aromatics may also be 

degraded under anaerobic conditions. Anaerobic degradation involves saturation of the benzene ring to a 

cyclohexane, which is then oxidized to a ketone, and finally cleaved to form a carboxylic acid. 

Anaerobic degradation proceeds more slowly than aerobic degradation (Fetter, 1993). 

Chlorinated aliphatic compounds are relatively recalcitrant in ground water, being degraded only 

under reducing conditions. The primary mechanism of degradation is through co-metabolism, typically 
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at oxidation-reduction potentials which occur within methanogenic environments. Degradation proceeds 

through a series of dechlorination reactions, eventually leading to formation of vinyl chloride. Vinyl 

chloride is then degraded under oxidizing conditions. Chemical classes 2 (halogenated aliphatics ), 4 

(THMs), and 5 (CFCs) would be degraded by this mechanism (Fetter, 1993). 

Ethers and furans (Class 6), despite having oxygen present in their molecular structure, are 

relatively resistant to degradation. They may be slowly oxidized to form peroxides, which are then 

quickly degraded (Fetter, 1993). 

Ketones and aldehydes are relatively oxidized organic compounds and will degrade rapidly 

within reducing environments. Even under oxidizing conditions they are not likely to persist for long. 

Their presence in ground water may reflect recent contamination or be the result of degradation of 

nonhalogenated aromatic compounds. 
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Part III: Results 

The objective of this part of the report is to provide a cursory analysis of the baseline data. In 

addition to compilation of summary statistics, factors affecting ground water chemistry are identified. 

Some of these factors will be analyzed and discussed in greater detail in subsequent reports. 

3.1. Quality Assurance Analysis 

A charge balance was calculated on each sample. Results are presented in Table D.l in 

Appendix D. The percent of samples exceeding a ten percent balance was 23.8. The absolute value of 

the overall charge balance was 6.9 percent. Field alkalinity was used to estimate bicarbonate 

concentration in the calculations. Five samples were not included in the charge balance due to a missing 

value for field alkalinity. Iron was not included in the calculation because s~ples were not filtered. 

Samples from Cretaceous (KRET), undifferentiated surficial Quaternary (QUUU), and Sioux 

Quartzite (PMSX) aquifers showed the greatest discrepancies in charge balance. This accounts for the 

greater values for charge balance in 1993, when most of these wells were sampled. Overall, there was a 

strong positive correlation (p = 1.3Xl 0-207
; R2 = 0.62) between values for charge balance and meq of 

cations. The reason for this relationship cannot be explained with existing data. Potential contributing 

factors include: 

• presence of organic acids which were not analyzed; 

• overestimates of cation concentration due to acidification of unfiltered samples, which results in 

metal associated with colloidal material being analyzed as free metal; and 

• underestimates of anion concentration due to gaseous loss of bicarbonate as carbon dioxide prior 

to field titration. 

The ratio of total dissolved solids to specific conductance for all samples was 0.68, which is 

within the acceptable range of 0.55 to 0.76 (Hounslow, 1995). Results are presented in Table D.l. There 

were 290 individual sample ratios outside the acceptable range. The accuracy of field measurements of 

specific conductance may be limited by the precision of the field instrument. The ratio of specific 

conductance to meq of cations was 86.4 overall. This ratio should be close to I 00, but values between 50 

and 150 were considered acceptable. Sixty-seven samples were outside of this range and were 

considered to have erroneous values for specific conductance. The overall difference between lab

measured total dissolved solids and calculated total dissolved solids (sum of ions and silica) was 2.3 

percent. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 27 



Minnesota Pollution Control Agency March 1998 

Various ratios of major ions are illustrated in Table D.2. A high percentage of wells showed 

large magnesium to calcium ratios for the Platteville (OPVL), Precambrian crystalline (PCCR), and 

Precambrian North Shore Volcanics (PMNS) aquifers. The Platteville aquifer consists largely of 

dolomite, while the high magnesium signatures in the Precambrian aquifers may reflect mafic silicate 

weathering. There were many aquifers with high proportions of chloride relative to sodium. Many of 

these are surficial aquifers [Quaternary water table aquifers (QWTA) and Quaternary undifferentiated 

aquifers (QUUU)] or may locally represent an unconfined bedrock aquifer [Prairie du Chien (OPDC) and 

Platteville (OPVL) aquifers]. These aquifers may be impacted by road salts. There were few aquifers 

with low ratios of calcium to sulfate. The PMSX and KRET aquifers had relatively low ratios of calcium 

to sulfate. Within these aquifers, calcium may be involved in ion exchange reactions because 

concentrations of sodium are relatively high. Many aquifers showed ratios of potassium to 

(potassium+sodium) exceeding the target values of 0.20. However, the median ratios are· generally 

between 0.20 and 0.30, which does not reflect a significant deviation from the target value. 

Field primary and duplicate samples were compared for each parameter. For samples with 

detectable concentrations of a chemical, means, medians, and standard deviations were calculated. 

Results are illustrated in Table D.3. Differences between primary samples and field duplicates were 

within acceptable ranges (ten percent) for all parameters. 

Field samples and laboratory duplicates were compared for each parameter. The overall field 

duplicate rate was 8.6 percent. For samples with detectable concentrations of a chemical, means, 

medians, and standard deviations were calculated. Results are illustrated in Table D.4. Differences 

between samples and lab duplicates were within acceptable ranges for all parameters except for 

chromium (10.2 percent). 

VOCs were detected in 109 wells, nine (8.3 percent) of which had a field duplicate sample 

collected. Twelve VOC detections occurred in these nine wells. Primary samples had an overall VOC 

concentration which was 27 .9 percent lower than the duplicate sample. Three primary samples had non

detectable VOC concentrations when the duplicate had a detectable concentration. 

The MPCA Ground Water and Solid Waste Division (GWSWD) Laboratory Quality 

Assurance/Quality Control Coordinator collects routine information for spike recoveries for VOC 

analysis from the Minnesota Depart of Health (MOH) Laboratory. Spike recoveries have routinely been 

within acceptable limits (QA/QC Coordinator, personal communication). Additional information related 

to calibration results for laboratories utilized by GWMAP during the baseline assessment is also kept on 

file within the GWSWD. 
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One set of trip blanks was transported with each set ofVOCs collected in the field. 

Consequently, a single set of trip blanks frequently was used for multiple sampling events conducted 

over successive days. Trip blanks were not collected for two sample events in 1993. VOCs were 

detected in trip blanks for two events in 1996. These included a detection of 100 ug/L of acetone and 0.6 

ug/L of toluene. These compounds were not detected in any sample for these two events and both 

detections are suspected of being caused by laboratory contamination. 

3.2. Inorganics 

Inorganic chemicals and chemical parameters were treated as continuous populations which 

followed some sort of distribution within an aquifer. Non-detections were consequently treated as either 

missing data (in descriptive statistical analysis) or equal values (in hypothesis and correlation tests) in 

the statistical analyses. 

3.2.1. Descriptive Summaries 

Summary statistics provide information to ground water managers and planners about the 

distribution of chemicals in Minnesota's principal aquifers. This includes central tendencies and 

variability in concentrations. Summary statistics for all data combined are shown in Table D.S. 

Summary statistics for each chemical and sample parameter are illustrated by aquifer and aquifer group 

in Tables D.6 through D.44. 

Distributions of a chemical in an aquifer or aquifer group can be established for any chemical for 

which there was a sufficient sample size. These distributions include percentiles, which are based on the 

distribution of data collected during the baseline assessment, and probabilities, which are based on the 

variability in the data collected. Probabilities can only be developed for chemicals which had normal, 

log-normal, or log-censored distributions. For normal and log-normal distributions, a distribution can be 

established knowing the standard deviation (cr) and the sample size (n) and assuming a !-distribution: 

[12] 

where C is the concentration (ug/L) at some value oft at a probability a andµ is the mean concentration 

(ug/L). Standard deviations and sample sizes calculated from the baseline data are illustrated in Table 

D.45, with the values for standard deviation being log-transformed for log-distributed parameters. 

Values for t vary with sample size. Complete tables for the distribution oft over a range of sample sizes 

can be found in standard statistics texts. Values oft are summarized in Table 3 for three sample sizes. 
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The value oft decreases slowly as sample size increases beyond 60. The values shown in Table 3 are 

two-tailed. This means the probabilities consider both low and high values. If just an upper tail is 

desired, then the appropriate t value corresponds with a.J2. For log-transformed data, concentrations 

must be log-transformed prior to calculations. 

Table 3: Values oft for a range of sample sizes and probabilities. 

'J ••• ;'/\q.' :···, 
,' ·.· ··• ·, .... , \, .. ,,?,,., 

:,,,: ... ' \:;,( '' '; :::c.: ... ·.·' ' .,.. :;t: .:,:y/ 
' ' ::: ,,. ·::C,." .,..,·"."· .;' ,:': ··,,:,:: •• lfQt11:•2s\••·: ·•· ···•': •• ,.:, ror n.·· .. ·••·'60<:':: 1 

0.40 0.260 0.256 0.254 
0.25 0.700 0.684 0.679 
0.10 1.372 1.316 1.296 
0.05 1.812 1.708 1.671 
0.025 2.228 2.060 2.000 
0.01 2.764 2.485 2.390 
0.005 3.169 2.787 2.660 
0.0025 3.581 3.078 2.915 
0.001 4.144 3.450 3.232 
0.0005 4.587 3.725 3.460 

As an example, suppose we want to establish a distribution of chloride and calcium in the Jordan 

aquifer. Using Tables D.9 and D.45, calcium has a normal distribution, a mean concentration of 67964 

ug/L, a standard deviation of 25020, and a sample size of 31. Chloride has a log distribution, a log

transformed mean concentration of 3.06 ug/L, a standard deviation of 0.39, and a sample size of 39. 

Using these values, Eq. [12], and !-values from Table 3 for a sample size of 25, distributions of calcium 

and chloride can be generated. These are shown in Table 4. The table allows a user to determine the 

likelihood of a concentration being equal to the overall mean concentration. For example, the probability 

of exceeding chloride concentrations of 1000 and 2000 ug/L is approximately 0.80 and 0.001, 

respectively. 
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Table 4: Calculated distributions of calcium and chloride in the Jordan aquifer. Concentrations 
are in u2:/L. 
' 

.. 

Calcium Chloride ' :a, :· •··. 

0.9995 51225 630 
0.9900 52461 658 
0.9975 54132 699 
0.9950 55440 732 
0.9900 56797 769 
0.9750 58707 824 
0.9500 60289 872 
0.9000 62050 929 
0.7500 64890 1028 
0.6000 66814 1102 
0.5000 67964 1148 
0.4000 69114 1197 
0.2500 71038 1282 
0.1000 73878 1420 
0.0500 75639 1512 
0.0250 77221 1601 
0.0100 79131 1714 
0.0050 80488 1800 
0.0025 81796 1886 
0.0010 83467 2003 
0.0005 84703 2094 

Percentiles and confidence limits for uncensored data can also be calculated directly in a 

statistical software package. For example, assume a user wants to know the concentration of bicarbonate 

(alkalinity) in Quaternary water-table aquifers (QWTA) aquifers at the 90th and 99th percentiles and at a 

confidence limit of90 and 99 percent. Using the baseline data for the QWTA aquifer within a statistical 

software package, the user can specify the 90th and 99th percentile and confidence limits. The resulting 

values are 371900 and 521920 ug/L for the 90 and 99 percentiles and 261674 and 270405 ug/L for the 90 

and 99 percent confidence limits. Generally, it is best to use a software package in these calculations 

because additional assumptions about normality and outliers can be addressed quickly and accurately. 

For log-censored data, confidence limits must be calculated indirectly. A log-censored 

population is one in which the data are assumed to follow a log distribution, but for which there were 

values below the reporting limit. The Helsel method which was used to calculate means assumes the 

concentrations follow a log distribution which can be described by the z distribution (Newmann et al., 

1995). This method fits a regression line to the log transformed values above the reporting limit. The 

regression is then used to "fill in" the values for the non-detections. Output from this method includes 

the slope (b) and intercept (a) of the regression line: 

C = exp ( a + bz) [13] 
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where C is the concentration in ground water (ug/L) and z is the z score. All correlation coefficients 

from regression analysis were greater than 0.800. With a and b known, the user can either determine the 

concentration at a particular value of z or determine the value of z at a particular concentration. Values 

of z correspond with a probability value, such as the percentile or confidence limit. Values for z are 

illustrated in Table 5. Intercepts and slopes from the analysis using Helsel' s method are shown in Table 

D.46. As an example, consider lead in QWTA aquifers. Table D.35 indicates the distribution oflead 

was log-censored, with ten of 117 samples being below the maximum reporting limit. Table D.46 

indicates the intercept and slope for Helsel's method were -1.638 and 1.583, respectively. Assume we 

want to know the concentrations at the 99 percent confidence limit. The z score from Table 5 is about 

2.33 at this probability level. Inserting these values into Eq. [13] gives a concentration of 7.77 ug/L. 

Conversely, assume we had a concentration of 1.0 ug/L and wanted to know the probability of having 

this concentration in a QWTA aquifer. Inserting values for a, b, and C into Eq. [13] gives a value of 1.04 

for z, which from Table 5 corresponds to a probability of about 0.85. This means we could expect the 

concentration of 1.0 ug/L to exceed about 85 percent of the observed concentrations in samples collected 

from this aquifer. These procedures can be used to calculate a concentration distribution across a range 

of probabilities, such as was done in Table 4. Additional examples are provided in Part 4. 

Use of descriptive statistics and corresponding analysis models should be used as a tool in 

supporting decisions, not as the basis for a decision. Users must have a thorough understanding of the 

physical system they are evaluating to determine how representative the data they have collected is for 

the system they are considering. When used properly, analysis of the distribution of a chemical can 

provide powerful information to aid in the understanding of a hydrologic system. 
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Table 5: Values of z for a range of probabilities . 

. ... 

prol>al>.ility -:. ' : z : •.• 

0.0 0.50000 
0.1 0.53983 
0.2 0.57926 
0.3 0.61791 
0.4 0.65542 
0.5 0.69146 
0.6 0.72575 
0.7 0.75803 
0.8 0.78814 
0.9 0.81594 
1.0 0.74134 
I.I 0.76433 
1.2 0.88493 
1.3 0.90320 
1.4 0.91924 
1.5 0.93319 
1.6 0.94520 
1.7 0.95543 
1.8 0.96407 
1.9 0.97128 
2.0 0.97725 
2.1 0.98214 
2.2 0.98610 
2.3 0.98928 
2.4 0.99180 
2.5 0.99379 
2.6 0.99534 
2.7 0.99653 
2.8 0.99744 
2.9 0.99813 
3.0 0.99865 
3.1 0.99903 
3.2 0.99931 
3.3 0.99952 
3.4 0.99966 
3.5 0.99977 
3.6 0.99984 
3.7 0.99989 
3.8 0.99993 
3.9 0.99995 
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3.2.2. Factor Analysis 

Factor analysis tests the relationships between chemical concentration and hydrologic, physical, 

geologic, or other variables. The purpose of factor analysis is to identify factors which affect the 

concentration or distribution of a chemical. Two categories of factor analysis were conducted for the 

baseline assessment. Hypothesis or group tests are used to compare concentrations of a chemical 

between two or more independent treatments (i.e., groups). An example is a comparison of nitrate 

concentrations between the St. Peter, Prairie du Chien, and Jordan aquifers. The factor in this example is 

aquifer and the three treatments or groups are the three aquifers. A second category of factor analysis is 

correlation testing, which involves determining the relationship between an independent and dependent 

variable. For example, if nitrate concentrations vary with well depth, nitrate is the dependent variable 

and well depth is the independent variable. 

Results of hypothesis tests are presented in Tables D.47 through D.87. Nonparametric methods 

were employed for all factor analyses. This means the relative ranks of chemical concentrations were 

used for comparisons rather than the actual concentrations. Mean ranks are therefore indicated in all 

tables~ An example of a nonparametric analysis is illustrated in Table 6. Concentrations are provided for 

two aquifers, A and B. The concentrations are then ranked from low to high. In the cases of ties, each 

tied well is assigned the same rank. The results in Table 6 show that the mean concentration in aquifer A 

is equal to the concentration in aquifer B, but that concentrations are generally greater in individual wells 

in aquifer B. In this nonparametric procedure, well six in aquifer A has a small impact on the overall 

comparison of ranks, whereas it has a large effect when comparing average concentrations. Statistical 

analysis of this data is done by comparing ranks. In the final reporting of this data, medians are 

displayed as summary information and the comparison of ranks is used as the basis for comparing 

concentrations in individual wells from the two aquifers. The results are significant (p = 0.03), with 

concentrations being assumed to be greater in aquifer B. 

Tables D.47 through D.87 include p-values and the Least Significant Difference (LSD). The 

p-value estimates the probability that the null hypothesis was true. In each case, the null hypothesis was 

that chemical concentrations were equal in the different groups being compared. A low p-value therefore 

indicates that it is likely the null hypothesis is not true and that concentrations do differ between the 

factor groups. In the example in Table 6, the null hypothesis was that concentrations in aquifers A and B 

were equal. Using nonparametric methods comparing ranks, the p-value was 0.03, which indicates there 

is a 0.03 or three percent chance the null hypothesis is true. Typically, a p-value of 0.05 or less is used to 

reject the null hypothesis. In the case of Table 6, concentrations in aquifers A and B are not equal 

because pis less than 0.05. 
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Table 6: Example of nonparametric procedure for comparing concentrations in wells from two 
hypothetical aquifers. 

A.quifel,'ll 
1 100 100 2 2 
2 121 351 4 15 
3 129 249 5 11 
4 135 267 6 12 
5 198 2 10 
6 991 167 16 8 
7 188 270 9 13 
8 149 311 7 14 

Mean 239 239 6.9 10.1 
Median 132 258 5.5 11.5 

The LSD is the amount by which two populations would be expected to differ if the population 

means were truly different. The formula for computing the LSD is: 

[14] 

where MSE is the expected mean square for error, N is the total number of samples, y is the number of 

treatments (i.e., aquifers in the example of Table 6), n is the number of samples in treatments i through z, 

and a is the probability. In the example of Table 6, n is equal to 8 for both aquifers A and B, y is equal 

to two (two aquifers are being compared), and N is equal to 16 (the total number of wells). By choosing 

a, the corresponding value oft can be determined from Table 3. The MSE represents a measure of the 

variability in the data. It is produced as standard output generated during the statistical analysis 

comparing different treatments. LSDs were computed for all aquifer-aquifer comparisons at an a value 

of 0.05. These are illustrated in Tables D.47 through D.87. 

As an example, consider nickel concentrations in different aquifers. Using Table D.47, the 

probability that nic~el concentrations in all 30 aquifers are equal is 0.001. We conclude that nickel 

concentrations do differ between some aquifers, but which ones? Let us compare nickel concentrations 

in the Franconia-Ironton-Galesville (CFIG) aquifer with those in the Jordan (CJDN), Sioux Quartzite 

(PMSX), and Quaternary water-table (QWTA) aquifers. Mean ranks were 347, 476, 771, and 543, 

respectively, for the CFIG, CJDN, PMSX, and QWTA aquifers. The LSD was 341. The difference in 

ranks between the CFIG aquifer and any of the other aquifers is given by the absolute value of {Mean 

rankcFIG - Mean rankcmN,PMsx,orQwTA}- This value is then compared to the LSD. The differences between 
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the CFIG and CJDN, PMSX, and QWTA aquifers were 129,424, and 196, respectively. The difference 

is less than the LSD for the CJDN and Q WT A aquifers and greater for the PMSX aquifer. We conclude, 

therefore, with a confidence of 95 percent, that nickel concentrations in the PMSX aquifer are greater 

than in the CFIG aquifer, while nickel concentrations in the CJDN and-QWTA aquifers are not. This 

example is illustrated in Figure 1. Mean ranks are shown as bars and the LSD is shown as a vertical line. 

In Figure 1, the top of the LSD line is below the top of the bar for the PMSX aquifer, reflecting the 

difference in nickel concentrations between the CFIG and PMSX aquifers. 

Figure 1: Illustration of aquifer comparisons using the Least Significant Differences. 
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We could also use established values for LSD to calculate a probability that concentrations are 

equal. For example, we concluded that concentrations of nickel differed between the PMSX and CFIG at 

the 0.05 level. What is the exact probability that the concentrations of nickel in these two aquifers are 

equal? First, we would have to determine the MSE, use the observed difference between the two aquifers 

( 424) as the LSD, and then compute t. We would then look up this value oft in a statistics text to find 

the corresponding a value. For this example, we rearrange Equation [14] to solve for MSE: 

MSE = l/(lln; + l/,if + ... + lln:)(LSD/t)2 [15]. 
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LSD is equal to 341, a value of two was used fort, and values for 1/n can be determined from Tables D.6 

through D.35. The value for 1/n was computed as 5.97. The resulting MSE was calculated as 4869. 

Now substituting the observed difference of 424 for the LSD and rearranging to solve fort gives: 

[16]. 

The resulting t value is 2.48. The corresponding probability, using Table 3, is between 0.005 and 0.01. 

Running through the same procedure for the QWTA aquifer, where the observed difference in nickel 

concentrations was 196, gives a t value of 1.15, which corresponds to a probability of about O .15. 

Aquifer Effects 

Results of hypothesis tests for aquifers are illustrated in Table D.47. There were significant 

differences between aquifers for all chemicals and sampled parameters except tin. The number of 

potential comparisons for each chemical is very large and only the following general conclusions are 

offered. More detailed analysis will follow in subsequent reports. 

• Cambrian aquifers generally had low to moderate concentrations of most chemicals 

compared to other aquifers. Temperature, zinc, and cobalt appeared to be elevated in some 

Cambrian aquifers compared to other aquifers. Other instances of elevated concentrations 

included thallium and manganese in the St. Lawrence-Franconia (CSLF) aquifer and 

alkalinity and lead in the St. Lawrence (CSTL) aquifer. 

• The Devonian (DCVA) aquifer had elevated concentrations of barium, cadmium, 

phosphorus, and total organic carbon compared to other aquifers. 

• The Cretaceous (KRET) aquifer had elevated concentrations of many parameters, including 

alkalinity, bromide, fluoride, orthophosphate, potassium, sodium, specific conductivity, 

strontium, sulfate, temperature, and total dissolved solids. 

• Within the Ordovician aquifers, two distinct groupings were evident. The first consisted of 

those aquifers which were included in the Upper Carbonate aquifer group. These were the 

Galena (OGAL), Maquoketa (OMAQ), and Platteville (OPVL) aquifers. These aquifers 

showed elevated concentrations for many chemicals compared to other aquifers, including 

arsenic, barium, cadmium, copper, dissolved oxygen, magnesium, nickel, nitrate, oxidation

reduction potential, selenium, silica, temperature, thallium, titanium, total organic carbon, 

and zinc. The second grouping included the Prairie du Chien (OPDC), St. Peter-Prairie du 
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Chien (OSPC), and St. Peter (OSTP) aquifers. These aquifers generally had low to moderate 

concentrations of most chemicals compared to other aquifers. 

• The Precambrian aquifers showed a diverse range of concentrations compared to other 

aquifers. This is not surprising, considering the wide range of geologic formations and 

geographic distribution which comprise this aquifer group. The Sioux Quartzite (PMSX) 

and Duluth Complex (PMDC) aquifers had elevated concentrations of many parameters. For 

the PMDC aquifer, most of these appeared to be related to geology (through dissolution of 

parent rock). Aluminum, antimony, beryllium, chromium, copper, lead, molybdenum, 

selenium, silver, titanium, and zinc were among the chemicals with elevated concentrations 

in this aquifer compared to other aquifers. The PMSX aquifer also had elevated 

concentrations of many chemicals which appear to be related to geology, including 

antimony, copper, lead, lithium, molybdenum, nickel, rubidium, strontium, thanium, and 

vanadium. However, nitrate, sulfur, sulfate, and sodium were also greater in this aquifer 

compared to other aquifers, and this may be due to human influences on the aquifer. The 

PMSX aquifer is generally used only when it is located near the land surface and therefore 

comprises a sole-source aquifer. Concentrations of most chemicals were low to moderate in 

the Precambrian crystalline (PCCR), Precambrian undifferentiated (PCUU), and Hinckley 

(PMHN) aquifers. The Biwabik (PEBI), Fond du Lac (PMFL), and North Shore Volcanics 

(PMNS) aquifers have elevated concentrations for many parameters, including antimony, 

arsenic, beryllium, manganese, selenium, zinc, and sulfate in the PEBI aquifer, aluminum, 

chromium, lead, and silver in the PMFL aquifer, and aluminum, beryllium, boron, and 

titanium in the PMNS aquifer. There were very small sample sizes for many of the 

Precambrian aquifers. 

• Among the Quaternary aquifers, the buried artesian (QBAA), buried unconfined (QBUA), 

and water table. ( QWTA) aquifers had low to moderate concentrations for most chemicals. 

This is opposite of the undifferentiated aquifers (QBUU and QUUU), which had elevated 

concentrations of many parameters, including alkalinity, antimony, boron, calcium, cobalt, 

copper, dissolved oxygen, lithium, magnesium, molybdenum, nickel, nitrate, potassium, 

oxidation-reduction potential, silica, sodium, strontium, sulfur, sulfate, titanium, vanadium, 

and zinc. These aquifers had a relatively high percentage of large-diameter wells. The effect 

of well diameter is discussed below. 
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Aquifer Group Effects 

Results of hypothesis tests for age-based aquifer groups are illustrated in Table D.48. There 

were significant differences in ranked concentrations for most chemicals. The Cretaceous aquifer group 

showed greater concentrations of alkalinity, boron, calcium, chloride, copper, lithium, magnesium, 

phosphorus, potassium, sodium, specific conductivity, strontium, sulfur, sulfate, temperature, total 

dissolved solids, and vanadium compared to other groups. These results generally reflect the deposition 

history of Cretaceous deposits, which were laid down in a marine environment, and the greater residence 

times within Cretaceous aquifers compared to other aquifers, which leads to greater dissolution and 

increased concentrations of dissolved solids. For the Devonian group, elevated concentrations were 

observed for barium, beryllium, cadmium, copper, iron, phosphorus, and total organic carbon. Cambrian 

aquifers ranked low to moderate for most chemicals except for temperature and zinc, while cadmium, 

thallium, and zinc were elevated in Ordovician aquifers. The Precambrian group ranked· high for 

aluminum, beryllium, lead, and pH. Quaternary aquifers ranked intermediate for most chemicals, 

although nitrate and chloride were elevated in surficial Quaternary aquifers. Elevated nitrate and 

chloride concentrations may reflect human influences, since the QWTA aquifers are considered to be 

relatively responsive to land use. 

There were fewer significant differences between hydrology-based aquifer groups (Table D.49). 

Each of these aquifer groups consists of sedimentary deposits which were laid down sequentially over 

several million years. It makes some sense, therefore, that differences between these groups will be 

more related to hydrologic processes, such as changes in oxidation-reduction potential and recharge, 

than to geologic factors. Consequently, the Upper Carbonate group, which is the uppermost of these 

hydrologic groups, showed elevated concentrations of chemicals which may reflect recent recharge, 

including alkalinity, phosphorus, boron, sodium, and total organic carbon, while the deeper aquifers have 

greater concentrations of chemicals reflecting the geochemical environment within those aquifers, 

including chromium, iron, and manganese. Additional analysis and interpretations will be provided for 

these aquifers in a subsequent report. 

Well Diameter Effects 

Results of hypothesis tests for well diameter classes are illustrated in Table D.50 for all data, in 

Tables D.51 through D.57 for age-based groups, and D.58 through D.61 for hydrology-based groups. 

Overall, there were significant differences in ranked concentrations for most chemicals. Most chemicals 

for which there were significant differences between diameter classes showed greater concentrations in 

the larger diameter classes, particularly the 24, 30, and 36 inch wells. Large diameter wells are often dug 
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wells and are subject to infiltration of water along the joints in the casing. Consequently, they may be 

impacted by processes occurring at the land surface or in the upper portions of an aquifer. These wells 

also tend to be shallower than drilled wells. Concentrations of nitrate, chloride, phosphorus, dissolved 

oxygen, sulfate, and oxidation-reduction potential were greater in the larger diameter wells. 

In general, diameter class was not an important factor affecting chemical concentration among 

the hydrology-based aquifer groups. Within the age-based aquifer groups, there were some interesting 

results attributable to well diameter. There were few significant differences between diameter classes 

within the Cretaceous group. This is largely due to the high concentrations of dissolved solids within 

this aquifer, regardless of well diameter or other well or geographic factors. These high natural 

concentrations mask the effect of well diameter. Close examination of the data reveals that trends within 

the Cretaceous group are similar to overall trends, with a tendency for greater concentrations of nitrate 

and lower concentrations of iron, phosphorus, silver, and chromium in larger diameter wells. For aquifer 

groups where there were no large diameter wells (Precambrian and Devonian groups), there were few 

significant differences for any chemical parameter between the smaller diameter classes. There were a 

large number of significant differences among the Cambrian and Ordovician groups. However, the 

results are inconsistent in many cases with the overall trends associated with well diameter. 

Approximately half of the large diameter wells (greater than six inches) in these two groups were used 

for irrigation, commercial, or public supply. Consequently, they probably have a large screened or open 

hole interval and withdraw large quantities of water. 

Chemicals such as nitrate, chloride, and dissolved oxygen and oxidation-reduction potential 

showed little effect of well diameter, while many major cations and anions (sodium, calcium, alkalinity, 

and potassium) show mixed results between different well diameters. This contrasts sharply with the 

Quaternary wells. All but one large-diameter buried Quaternary well and all large-diameter surficial 

Quaternary wells were used for domestic supply. Nearly all chemical parameters differed among well 

diameter classes for these two aquifer groups. Nitrate was much greater in wells exceeding 16 inches in 

diameter, and dissolved oxygen, chloride, and oxidation-reduction potential were generally greater in 

these larger diameter wells. Results for other chemicals were mixed, but total dissolved solids were 

greater in the larger diameter wells. These wells, which are probably mostly dug wells, are susceptible to 

seepage of water into the well along casing joints. The relationships involving major cations and anions 

were most evident for the surficial Quaternary group. The results indicate that water quality is generally 

of poorer quality in larger diameter wells and that statistical analysis of data from these two aquifer 

groups should be separated based on well diameter. There were many fewer significant differences by 
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diameter class for the hydrology-based aquifer groups. This is partly due to the lack of wells greater than 

16 inches in diameter. 

VOCs and Tritium as Indicators of Water Quality 

Results of hypothesis tests for wells with and without a detected VOC are illustrated in Table 

D.62. Concentrations of aluminum, chloride, cesium, copper, dissolved oxygen, nitrate, and lead, and 

oxidation-reduction potential, were greater in wells containing a detectable VOC than in wells without a 

detectable VOC. The relationship between presence of a VOC and chloride, nitrate, dissolved oxygen, 

oxidation-reduction potential, and possibly cesium, may reflect an increased likelihood of detecting 

VOCs in shallow aquifers. This may also explain why there were lower concentrations of alkalinity and 

barium and lower values for specific conductivity in aquifers with a detectable VOC, since these 

parameters would be expected to increase in older waters containing greater concentrations of total 

dissolved solids. Nevertheless, the results are not clear cut, possibly for the following reasons: 

• some VOCs, such as nonhalogenated aromatic compounds, are not persistent in oxygenated 

environments but may be persistent in deeper, anaerobic aquifers; 

• most detections were near the reporting limit, suggesting there may be many wells which were 

sampled that had VOCs present below the reporting limit; and 

• results for individual aquifers are masked by considering all data together. 

Tests for individual aquifers were conducted to determine if there were some aquifer-specific 

patterns to VOC detections, but the number of detections was insufficient to complete a meaningful 

analysis. Significant results from hypothesis testing for aquifer groups are summarized qualitatively in 

Table D.63. The results are mixed, with redox-sensitive relationships being opposite in some aquifers. 

This may reflect the impact of different groups ofVOC compounds which are sensitive to different redox 

conditions. These are discussed in greater detail in Section 3.3. 

Results of hypothesis tests for wells with and without detectable tritium are illustrated in Table 

D.64. The presence of tritium reflects post-1953 water. Nitrate, chloride, and dissolved oxygen were 

greater in wells with detectable tritium, while iron, alkalinity, magnesium, manganese, potassium, and 

total dissolved solids were greater in wells without detectable tritium. These results were expected, since 

recent waters should show some effect of land use, while deeper wells show evidence of dissolution and 

ion exchange reactions and depletion of oxidized species ( oxygen, nitrate). Significant results from 

hypothesis testing for aquifer groups are summarized qualitatively in Table D.65. The patterns for 

aquifer groups are similar to those for all data combined. Nitrate, chloride, sulfate, and dissolved oxygen 

are elevated in many aquifer groups where tritium was detected, compared to wells within the same 
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' 
group in which tritium was not detected. Conversely, potassium, manganese, alkalinity, magnesium, 

sodium, molybdenum, and iron are greater in wells with no detectable tritium. Aquifers which show a 

large range of hydrogeologic sensitivity showed the greatest response to the presence or absence of 

tritium. These include the Prairie du Chien (OPDC), Jordan (CJDN), St. Peter (OSTP), and buried 

Quaternary aquifers (QBAA, QBUA, QBUU). In these aquifers, there were several parameters which 

showed a response to the presence of tritium. This is in contrast to aquifers which are generally 

considered to be hydrogeologically sensitive {Upper Carbonate, Devonian, surficial Quaternary) or 

insensitive (Cretaceous, most Precambrian, Mount Simon-Hinckley). There were very few responses of 

chemical parameters to the presence of tritium in these aquifers. Tritium may have great utility in 

identifying sensitive portions of an aquifer, but may be less effective in defining the overall sensitivity of 

an aquifer. Additional analysis is warranted before these conclusions can be confirmed. 

Effect o(Sampling Year 

Results of hypothesis tests, with year of sampling as the treatment, are illustrated in Tables D.66 

through D.76. Differences in chemical concentrations between years are not desired because it may 

confound the analysis by masking true differences based on hydrology or geology. Differences in 

concentrations of a chemical between sampling years may be due to: 

• climate; 

• a large influence of certain aquifers constituting an aquifer group (for example, among the 

Cambrian group, sampling mostly Jordan wells one year and then Mt. Simon wells the next 

year); 

• different times of sampling (for example, spring in one year and summer in another); 

• systematic sampling error; 

• differences due to geographical location; and 

• true geologic or hydrologic differences between chemical concentrations. 

Determining which of these factors accounted for yearly differences within an aquifer group is beyond 

the scope of this paper, but it is apparent from the results that there were many differences by year. The 

results are very complicated and no obvious patterns for indicator chemicals such as nitrate, dissolved 

oxygen, and chloride are apparent. The results indicate that additional data analysis in subsequent 

reports must include an assessment of the effect of sampling year. One additional analysis which is 

warranted is to determine if there was an effect of sampling year for individual aquifers, as opposed to 

the analysis for aquifer groups conducted here. This means, for example, aquifers in which sampling 

size was adequate to evaluate yearly differences should be tested independent of aquifer group. In terms 
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of this dataset, this is an important consideration. For individual aquifers in which there were significant 

differences in water quality between sampling years, the differences may reflect a response of the aquifer 

to some physical factor such as precipitation or recharge. 

Effect of Sampling Month 

Similarly, month of sampling was considered as an independent factor. Results are illustrated in 

Tables D.77 through D.87. There were many differences by month, although fewer than with year of 

sampling. Again, the analysis is complicated and no clear pattern is evident. Additional analysis must 

consider month of sampling as a potential factor affecting chemical concentrations. As with sampling 

year, the effect of sampling month should be investigated for individual aquifers rather than aquifer 

groups. 

Effects of Well Depth. Static Water Elevation. and UTMCoordinate 

Correlation analysis between chemical parameters and well depth, static water level, UTM-east 

coordinate, and UTM-north coordinate are summarized by aquifer group in Tables D.88 through D.98. 

Correlations with well depth were not particularly strong or consistent across age-based aquifer groups. 

Increasing well depth may reflect increasing residence time in an aquifer. Major cations and anions 

increased with well depth, as would be expected with increasing residence time in ground water. 

Increased residence times results in greater dissolution and exchange. Among redox-sensitive 

parameters, iron, manganese, and sulfate increased with well depth, redox potential and nitrate 

decreased, and dissolved oxygen was unaffected. Other parameters which correlated positively with well 

depth in more than one aquifer group included phosphorus, zinc, cadmium, boron, fluoride, lithium, 

strontium, and vanadium. Tritium decreased in concentration with increasing well depth. 

There were many fewer significant correlations for static water elevation. This makes physical 

sense since the static water elevation represents a potentiometric surface in a confined aquifer and has no 

relationship to where the sample is being collected within the aquifer. In unconfined aquifers, static 

water elevation would potentially be a very useful factor, but as discussed earlier, some wells designated 

as surficial Quaternary wells are in fact confined. In summary, static water elevation was not a useful 

indicator of water quality in the sampled aquifers. 

UTM-east coordinate showed very strong correlations with chemical concentrations. Most 

chemicals showed a negative correlation, meaning concentrations increased from east to west. This. 

observation is consistent with previous investigations of Minnesota's principal aquifers (Adolphson et 

al., 1981 ). The strongest correlations were noted for the major cations and anions ( calcium, alkalinity or 
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bicarbonate, potassium, magnesium, sodium, and sulfate), all of which increased from east to west in five 

or more of the aquifer groups. Arsenic, boron, lithium, phosphorus, silica, strontium, and molybdenum 

all increased from east to west in at least four aquifer groups. Oxidation-reduction potential, pH, and 

aluminum decreased from east to west in at least three aquifer groups. Aquifers generally become more 

protected by overlying clay-rich tills from east to west and recharge diminishes from east to west. 

Topography also tends to become flatter. Ground water flow path lengths and travel times, on average, 

increase from east to west, resulting in greater residence times. This increases the extent of dissolution 

and ion-exchange reactions. Two additional factors are likely to affect ground water chemistry from east 

to west. First, the impact of Cretaceous aquifers on water chemistry increases to the west. Cretaceous 

aquifers often have upward flow gradients and have a very strong chemical signature, as indicated in the 

analysis results. Buried Quaternary aquifers often show evidence of this signature in areas where they 

are underlain by Cretaceous aquifers (Trojan, 1998). Second, the chemistry of glacial deposits and soils 

changes from east to west as a result of different till types and different soils. 

There were also many significant correlations for UTM-north coordinate. Most chemicals 

increased in concentration from north to south. The same factors related to UTM-east coordinate 

account for patterns with UTM-north coordinate. Consequently, the relationships nearly mirrored those 

for UTM-east, with major cations and anions and most trace inorganics increasing in concentration from 

north to south, while pH and aluminum decreased to the south. The number of significant correlations 

was less than for UTM-east coordinate, but for most.major cations and anions there were at least three 

aquifer groups in which significant correlations were observed. The correlation coefficients were 

typically less than 0.500. The greatest correlation coefficients were for aquifer groups which were 

relatively homogenous, such as the Devonian, Cretaceous, and Cambrian groups. The lowest 

coefficients were observed for heterogeneous groups such as the Quaternary aquifers. 

Within the hydrology-based aquifer groups, the results were somewhat different. For the CFIG

CFRN-CIGL (Franconia-Ironton-Galesville aquifer) group, there were few correlations between 

chemical concentration and either well depth or static water elevation. There were many significant 

correlations with UTM-east coordinate, most of which were negative, indicating increasing 

concentrations of chemicals from east to west. This follows the pattern for age-based groups and reflects 

increased aquifer protection, residence times, and lower recharge to the west. Exceptions were for 

nitrate, dissolved oxygen, lead, oxidation-reduction potential, and pH. Increasing nitrate concentration, 

more oxidizing conditions, and greater pH to the east are possibly related to increased recharge in the 

eastern portion of this aquifer group. The effect ofUTM-north coordinate is much weaker than for east

west coordinate. For the OSTP-OPDC-CJDN group, most major cations and anions, including nitrate, 
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decrease with well depth and static water elevation. This may indicate a strong relationship between the 

aquifer and processes occurring at the land surface. Nitrate, sodium, phosphorus, and chloride, in 

particular, provide evidence that portions of this aquifer in direct contact with vertical recharge from the 

vadose zone have a large effect on the distribution of chemicals. Additional evidence to support this is 

provided by the results for UTM-east coordinate. The redox-sensitive parameters follow a clear east

west pattern, with nitrate, dissolved oxygen, and oxidation-reduction potential increasing to the east and 

iron, manganese, and sulfate increasing to the west. The eastern portions of this aquifer are more likely 

to have little surficial cover and increased recharge than the western portiof!S. More detailed analysis of 

these data are needed to determine the impact of confinement on water chemistry within this aquifer. 

The CMSH-CMTS~PMHN aquifer, which is generally well protected, shows relationships more 

typical of vertical effects within an aquifer. Most chemicals which are significantly correlated with well 

depth or static water elevation increase in concentration with depth. This is what would be expected in 

an aquifer which is less sensitive to surficial processes such as recharge and land use and more sensitive 

to residence-related processes such as dissolution and ion exchange. Geographical effects are similar to 

other groups, with most chemical concentrations increasing to the west and south. Parameters which 

may indicate impacts from surficial processes, including nitrate, chloride, phosphorus, oxidation

reduction potential, and dissolved oxygen, are largely unaffected by geographic location. 

The Upper Carbonate aquifer shows very few significant correlations with well depth, static 

water elevation, or UTM-north coordinate. This may be partly due to this aquifer system often occurring 

in karstic settings, which are highly dynamic and not well represented by one-time sampling. UTM-east 

coordinate again shows the greatest effect on chemical concentrations. The Upper Carbonate is more 

likely to be affected by surficial processes in the eastern portion of this aquifer. This is reflected by 

increased nitrate, dissolved oxygen, chloride, and phosphorus concentrations to the east. 

Relationships With Oxidation-Reduction Parameters 

Correlation analysis between chemical parameters and dissolved oxygen, total iron, total 

manganese, and oxidation-reduction potential are summarized by aquifer group in Tables D.99 through 

D .109. Ground water is assumed to originate as recharge at the surface of an aquifer. Recharge water is 

typically oxygenated. Ground water therefore goes through a series of reduction reactions. Electron 

acceptors, sequentially from greatest to lowest potential, are dissolved oxygen, nitrate, manganese (+4), 

iron (+3), sulfate, and carbon dioxide. Additional redox couples exist in ground water, such as the 

nitrate-ammonia couple, but these are not important in "typical" ground water. For example, the nitrate

ammonia couple will be important only in reduced environments with nitrate inputs or oxidized 
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environments with ammonia inputs, such as might occur beneath a feedlot or septic drainfield. Nitrate 

was not considered in this analysis of redox parameters because concentrations in ground water are often 

the result of human activity, which confounds correlations with other chemical parameters. Sulfate was 

not considered because most redox values were greater than the value at which the sulfate-sulfide couple 

would be important. Another factor is that many chemicals have "redox windows." These are ranges of 

redox potential in which chemical concentrations are likely to be greater. Consequently, a linear 

relationship (i.e., correlation analysis) does not properly describe these windows. However, use of 

nonparametric correlation analysis and imprecision in the redox measurements allow identification of 

significant correlations, although the correlation coefficients will be low. Garrels and Christ (1965) 

provide an excellent discussion of the limitations of field redox measurements. 

Interpreting these results is somewhat subjective. Assessing redox conditions within an aquifer 

should consider a variety of redox-sensitive measurements because of the uncertainty associated with 

any single measurement of redox status. As stated, four redox indicators are used in this analysis - total 

iron concentration, total manganese concentration, dissolved oxygen concentration, and oxidation

reduction potential. For the correlation analyses summarized in Tables D.99 through D.105, a qualitative 

scoring procedure was used to summarize the relationships between chemical parameters and the four 

selected redox parameters. For each age-based aquifer group in which a significant (p less than 0.05) 

correlation was observed between a chemical parameter and a redox parameter, a score of 1 or -1 was 

assigned to the parameter depending on the sign of the correlation. Thus, there was a potential score of 

±7 (seven age-based groups) for each chemical parameter. A final average score was computed as the 

average score for the four redox parameters. However, in computing the average score, the sign for 

dissolved oxygen and redox potential needs to be changed ( conversely, the signs could be changed for 

iron and manganese) to represent the effect on concentration as ground water becomes more reducing 

(i.e., redox potential and dissolved oxygen concentrations decrease as ground water becomes more 

reducing, while iron and manganese concentrations increase). Thus, high positive average scores 

represent increasing concentrations of a chemical with more reducing conditions. 

For example, arsenic had significant negative correlations with dissolved oxygen for five of the 

aquifer groups, positive correlations with both iron and manganese for four groups, and significant 

negative correlations with redox potential for four aquifer groups. The overall average score for arsenic 

was (scoreFe + scoreMn - score00 - scoreredox)/4 or [(4 + 4 - (-5) - (-4)] /4 or 4.25. Chemicals with scores of 

4.00 or greater were considered to have concentrations which were strongly positively correlated with 

reducing conditions. These included arsenic, barium, iron, manganese, phosphorus, and total suspended 

solids. Chemicals with values between two and four included alkalinity, beryllium, boron, cobalt, 
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lithium, potassium, silicate, strontium, total organic carbon, total phosphate, and sodium. Lithium, 

potassium, barium, and sodium may be related to increased concentrations of dissolved solids in older, 

more reduced waters. Strong negative correlations (average score less than -4.00) were observed for 

dissolved oxygen, nitrate, and redox. Chloride and lead had scores of less than -2.00. The relationship 

for chloride may be due to increased loading of chloride in surficial aquifers as a result of human 

activity, such as road de-icing. Average scores for each chemical parameter are illustrated in Table 

D.110. 

The above qualitative discussion does not explain the response of all chemicals to these four 

redox parameters. For example, total organic carbon had an average score of 2.50, but was most strongly 

correlated with iron and manganese. These results suggest a tendency for iron and manganese 

concentrations to increase with increasing concentrations of total organic matter as a result of adsorption. 

Some observations from Table D.110 are summarized below. 

• Calcium, magnesium, cobalt, lithium, phosphate, and potassium were strongly correlated 

with iron and manganese and not well correlated with oxygen or redox. Cobalt and 

phosphate may be related to redox processes, while the remaining chemicals probably reflect 

increased dissolution in older, more reduced waters. 

• Beryllium was strongly correlated with oxygen and iron concentrations and not correlated 

with redox or manganese. This may reflect redox windows for beryllium. 

• Sulfate showed positive correlations with both redox and dissolved oxygen. This trend may 

be partially attributable to anthropogenic sources of sulfur, including percolation of rain 

water containing sulfate. 

• Silicate was most strongly correlated with iron, manganese, and redox, and not well 

correlated with dissolved oxygen. This may reflect the slow weathering rates for silicate 

minerals. 

More detailed discussion for individual chemicals is provided in section 3.2.4. 

3.2.3. Health and Risk 

Risk criteria are summarized in Table D.111. A summary of water quality exceedances is 

provided in Table D.112 for aquifers and aquifer groups. The highest percent exceedance occurred for 

iron. Exceedances of the secondary water quality criteria for iron (SMCL) was greater than thirty 

percent for most aquifer groups. The presence of iron at high concentrations in sampled wells may be 

due to samples not being filtered. The percent of samples exceeding water quality criteria was more than 

one percent for aluminum, beryllium, boron, manganese, nitrate, and sulfate. Percent exceedances for 
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aluminum, boron, and beryllium were greatest in Precambrian aquifers, particularly the Duluth Complex 

(PMDC), Precambrian crystalline (PCCR), and Sioux Quartzite (PMSX) aquifers. Nitrate exceedances 

were greatest for the surficial Quaternary group (QWTA and QUUU aquifers). Except for nitrate, these 

exceedances are most likely associated with natural concentrations of these chemicals. 

Background hazard indices (HI) help identify aquifers in which background concentrations of 

chemicals exceed the long-term exposure level considered unlikely to result in deleterious effects to 

humans. Hazard indices are calculated for target endpoints, such as cancer or the cardiovascular-blood 

system, and consider the cumulative effects of all chemicals which affect a particular target endpoint. 

Only HRLs, HBV s, and in the case of arsenic, the MCL were used in calculating the values for HI. 

Median hazard indices are provided in Table D.113. The values illustrated in these tables include the 

effects ofVOCs. Endpoints for which the HI exceeded 1.0 represent a condition where further 

investigation is recommended to determine if the exposure assumptions are met and to identify factors 

which may be contributing to the observed chemical concentrations. The exposure assumption 

pertaining to daily ingestion is considered to be applicable to baseline data, since sampled wells are used 

for domestic supply. Median hazard indices were less than 1.0 for all endpoints. 

The percentages of wells in which the hazard index would be expected to exceed a value of 1.0 

are illustrated by aquifer or aquifer group in Table D.l 14 for nine target endpoints. For example, the 

percentage of wells expected to exceed a hazard index of 1.0 for the cardiovascular/blood, cancer, 

reproductive, kidney, gastrointestinal/liver, nervous system, whole body, skin, and bone endpoints in 

Cretaceous aquifers was 12, 4 to 5, 35, 3 to 4, 4 to 5, 7, less than one, less than one, and less than one, 

respectively. 

NOTE: These percentages are a nonparametric measure of the distribution of HI in an aquifer 

for a target endpoint. Parametric calculations of the probability of exceeding a HI of 1.0 can also be 

made. Parametric calculations consider the variability in observed concentrations rather than the 

distribution of HI for a target endpoint in an aquifer. Individual probabilities were not calculated 

because the procedure is somewhat time intensive, but these values can be generated. Generally, for low 

percentages of HI exceeding 1.0 (less than about five percent), the probability of exceeding a HI of 1.0 is 

about 1.5 to two times greater than the percentile illustrated in Table D.114. The reason for this is that 

the distribution of chemicals is typically skewed to the right, reflecting a few high concentrations. When 

the percentage illustrated in Table D.114 is very low (less than one) or high (greater than ten), calculated 

probabilities are very close to the percentile. If the sample size is greater than about 40, the expected 

percentages probably provide adequate information about the potential for exceeding a HI of 1. 0. 
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Water resource managers conducting risk assessments at individual sites should utilize 

concentration information provided in Tables D.6 through D.44 when comparing ground water 

concentrations at a contaminated site to background concentrations. Hazard indices calculated for 

the baseline data are not intended for comparison with site-specific hazard indices. Hazard indices 

provide an indication of the relative suitability of an aquifer for drinking supply and may be used 

to identify potential areas or aquifers of concern. 

3.2.4. Geochemical Interpretations for Individual Parameters 

Chemical-specific interpretations are provided in this section. The discussion is general. The 

primary purpose is to relate distribution of chemicals, particularly those which may potentially represent 

a health risk, with physical controls over their concentration in ground water. Assumptions used in 

identifying physical controls were presented in section 2.2.4. The effect of variability in factors such as 

pH, Eh, bicarbonate, sulfate, and silica concentrations on calculated values is qualitatively described in 

the following discussion. 

The following information is provided for each element or parameter: 

• natural occurrence in rocks and soils; 

• the most important anthropogenic sources; 

• solubility controls and theoretical concentrations when source material is not limiting; 

• comparison of theoretical and observed concentrations; 

• an overview of aquifers where concentrations are greatest or least; 

• an overview of some factors which may affect distribution, including factors utilized in the 

solubility calculations; and 

• estimates of aquifer chemical sensitivity to contamination. 

Background concentrations used in solubility calculations are provided in Table D.l 15. Concentrations 

of elements in source rocks and soil are provided in Table D.l 16. Soil refers to the uppermost portion of 

the unsaturated zone, hence the most highly weathered zone and the plant root zone. Governing 

equations and references for geochemical information utilized in calculations are provided in Section 

2.2.4. Individual references are not provided throughout this discussion. The primary references used in 

preparing this discussion include Alloway (1995), Appelo and Postma (1993), Bohn et al. (1979), Dragun 

(1988), Fetter (1993), Garrels and Christ (1965), Hem (1992), Hounslow (1995), Eary et al. (1990), and 

Neve et al. (1996). 
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Aluminum (Al) 

Aluminum is an abundant element in minerals, particularly in igneous rocks and shales. During 

the weathering of igneous rocks, aluminum is retained primarily in the solid phase. Aluminum oxides 

and hydroxides are thus very common. In soils, clay minerals have a layered structure in which 

aluminum is coordinated with oxide or hydroxide ions. Aluminum is an important metal in industrial 

applications, where it is used in alloys, paints, as a protective coating, in the electrical industry, and in 

building and construction machinery and equipment. 

The solubility of aluminum is controlled by the many oxide and hydroxide species. In acidic 

waters, solubility may be estimated using gibbsite as the solubility control. In alkaline waters bayerite 

may be used. Hem (1992) estimates equilibrium concentrations ranging from about 0.5 to 20 ug/L at a 

pH between 6 and 7. The overall baseline median concentration was 1.12 ug/L, which is within the 

range of predicted concentrations. Concentrations were greatest in Precambrian aquifers. For example, 

concentrations in Crystalline bedrock (PCCR), North Shore Volcanics (PMNS), and Metasedimentary 

undifferentiated (PMUD) aquifers were 9.4, 37, and 3.9 ug/L, respectively, compared to concentrations 

of 1.0, 0.93, and 2.1 ug/L in the Jordan (CJDN), Prairie du Chien (OPDC), and St. Peter (OSTP) aquifers, 

respectively. Aluminum solubility in soil is similar to that in equilibrium with source rocks. The MCL 

for aluminum is 50 ug/L. This is greater than predicted concentrations in equilibrium with solid phases 

of aluminum. 

Aluminum did not correlate well with most chemical parameters. It is insensitive to redox 

reactions and has limited solubility. Solubility controls on aluminum are sufficient to keep 

concentrations below concentrations of concern. Leaching of aluminum through the unsaturated zone 

and into ground water will not lead to concentrations exceeding drinking water criteria except in specific 

instances of contamination of acidic soils. Ground water, in general, appears to be in equilibrium with 

aluminum-bearing solids. 

Antimony (Sb) 

Natural sources of antimony primarily include sulfide minerals such as stibnite (Sb2S3). The 

oxidation state of antimony ranges from + 3 to +5 and it is often associated with other metals such as 
-

copper, lead, silver, and iron in sulfides. Concentrations in minerals are generally less than 1 mg/kg. 

However, concentrations in soil are much greater, often exceeding 5 mg/kg. Anthropogenic sources of 

antimony include atmospheric deposition of coal combustion products, sewage sludges, mining wastes, 

and fertilizers. Antimony is also widely used in industrial products such as flame retardants, pigments, 
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and explosives. It may occur as free metal under reducing conditions and as Sb2O3 at higher Eh values. 

However, the most mobile forms in soil may be associated with humic materials. 

Little geochemical information is available for antimony. Antimony in equilibrium with sulfides 

would have a very low concentration, less than 0.001 ug/L. Antimony in equilibrium with senarmontite 

(Sb4O6) would have a theoretical concentration of 4.5 ug/L at pH 7.28. The overall median concentration 

of antimony was 0.015 ug/L, with only one sample exceeding the HRL of 6 ug/L. Concentration 

differences between individual aquifers, although significant, were not dramatic. Concentrations of 

antimony were greatest in Sioux Quartzite (PMSX), Quaternary buried unconfined (QBUU), and 

Quaternary unconfined undifferentiated (QUUU) aquifers. These are aquifers which had an increased 

frequency of large diameter wells and the elevated concentrations may reflect inputs from the 

unsaturated zone, where antimony concentrations in solution are likely to be much greater than in ground 

water in equilibrium with parent material. 

Both sulfide and oxide forms of antimony-bearing minerals will hold concentrations of antimony 

below the HRL. Elevated concentrations in ground water may reflect impacts from the unsaturated zone. 

Arsenic (As) 

Sources of arsenic include arsenates, sulfides, and smaller quantities associated with arsenides, 

arsenites, oxides, and elemental arsenic. Average concentrations in minerals are about 1 mg/kg, with 

greater concentrations occurring in shales. Arsenic is often associated with many other metals, primarily 

iron ( arsenopyrite) but also Cu, Pb, Au, and Ag. Concentrations in soil average about 10 mg/kg and 

arsenic is often associated with sulfur in soil. At Eh values greater than about-SO mV, arsenic in 

solution will primarily exist as arsenic acid (H3AsO4) with an oxidation state of +5. At lower redox 

values the +3 form of arsenic dominates and the primary soluble form is arsenous acid (H3AsO3). 

Arsenic was once used widely as a pesticide, but this use has declined considerably. Arsenic has many 

industrial applications, including use in dyestuff, medicines, and wood treating. Atmospheric deposition 

may be important due to the relatively high volatility of arsenic compounds. Atmospheric deposition 

results from natural sources such as volcanoes and low-temperature volatilization from source rock and 

soils, and anthropogenic sources such as smelting activity and fossil fuel combustion. Some sludges may 

also be enriched in arsenic. 

Arsenic readily forms oxides with iron. The solubility of arsenic is therefore sensitive to redox 

conditions. At redox values exceeding approximately 0 m V, arsenic ( +5) associated with iron oxides 

will have very low solubility, with calculated concentrations being less than l ug/L, perhaps as low as 

0.001 ug/L. Calculated concentrations of arsenic (+5) in equilibrium with As2O5 would be about 55 
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ug/L. Other metals may also limit the solubility of arsenic under oxic conditions, including aluminum, 

barium, calcium, and lead. Arsenic (+3) in equilibrium with oxides such as claudetite (As4O6) and 

sulfides such as orpiment (As2S3) would have concentrations of greater than 1000 and about 210 ug/L, 

respectively. The MCL for arsenic is 50 ug/L. The median concentration of arsenic was 1.6 ug/L, with 

eight exceedances of the MCL. Arsenic occurrence in Minnesota is currently under review and a strictly 

health-based drinking water criteria for arsenic would probably be considerably lower than the current 

MCL. There were 593 and 339 samples exceeding 1.0 and 3.0 ug/L, respectively. 

The mobility of arsenic in soil will be controlled by redox potential and the availability of sulfur 

and iron. Arsenic will have low mobility if present in the +5 oxidation state. When sufficient iron or 

sulfide is present, arsenic in the + 3 state will also be relatively immobile as iron and sulfides control 

solubility. Eary et al. (1990), studying soils to which coal ash had been applied, observed arsenic 

concentrations in the soil solution exceeding 80 ug/L and often greater than 1000 ug/L. Without 

effective solubility controls or in acidic soils, leaching of arsenic represents a threat to shallow ground 

water if sufficient arsenic is present in soil. 

Solubility da~a alone are insufficient to explain the distribution of arsenic in ground water. There 

is inadequate information in the literature to calculate concentrations of arsenic in equilibrium with the 

metal oxides likely to be found in ground water. Field measurement of redox and lack of filtering for 

iron hamper interpretation of the data. Despite these difficulties, arsenic correlated well with redox 

parameters, although there were numerous low concentrations of arsenic at low redox values, and 

numerous high concentrations at high redox values. In the first case, availability of arsenic-bearing 

minerals controls concentrations of arsenic in ground water. In the second case, there may be inadequate 

solubility controls to prevent arsenic concentrations from becoming elevated. 

An additional factor with arsenic is toxicity. The +3 form is considered to be much more toxic 

than the +5 state. Neve et al. (1996) describes methods for evaluating the ratio of +3 to +5 arsenic in 

ground water. However, arsenic ingested with drinking water may be converted to the more toxic +3 

form in the digestive tract. From a health perspective, this would render concerns over this ratio 

irrelevant, but the ratio of +3 to +5 may also be used to estimate redox conditions in ground water (Neve, 

et al., 1996; Cherry et al., 1979). 

In summary, under reducing conditions, natural solubility controls on arsenic are not likely to 

keep the concentration of arsenic below 1 ug/L and possibly not below 50 ug/L. At greater redox values 

or in the presence of sufficient iron, arsenic concentrations will be well below 1 ug/L. Under very 

reducing conditions, sulfides will provide an effective control over arsenic concentrations. These same 

principles apply to both soil and ground water. The primary control on arsenic appears to be availability 
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of arsenic-bearing minerals. Evaluation of aquifer sensitivity to contamination with arsenic should 

include rigorous establishment of redox conditions within an aquifer, including speciation of iron. 

Barium (Ba), Beryllium (Be), Calcium (Ca), Magnesium (Mg), and Strontium (Sr) 

The alkaline earth metals barium, beryllium, calcium, magnesium, and strontium are all divalent 

cations. Natural sources include carbonates (MeCO3) and sulfates (MeSO4), where Me is the metal, 

except for beryllium, which is primarily associated with silicates and hydroxy-silicates. Where 

carbonate and sulfate forms are limited, the metals may be associated with silicates, although these rocks 

tend to be resistant to weathering. Calcium and magnesium are abundant in rocks and soils, with 

concentrations exceeding 10000 mg/kg. Strontium and barium are relatively abundant in rocks and soil, 

with strontium occurring at somewhat greater concentrations than barium except in sandstones. Barium 

concentrations in limestones are lower than in other sedimentary rocks and greater in igneous rocks. 

Beryllium concentrations in rocks and soil are approximately 1 mg/kg. The primary aqueous form is free 

metal (Me2+), except for beryllium, which will form hydroxides at pH values greater than about five. 

There are no major anthropogenic sources for these metals, but they have many industrial applications. 

Sulfates are too soluble to form effective controls on solubility of calcium and magnesium. 

Calcite and dolomite may be effective in controlling solubility of calcium and magnesium. The median 

concentration of 7 617 6 ug/L for calcium is relatively close to the calculated value of 65000 ug/L for 

ground water in equilibrium with calcite (CaCO3). Calcium concentrations were lowest in several of the 

Precambrian aquifers, where solubility may be controlled by silicates. Calcium in equilibrium with 

silicates would be expected to have concentrations ranging from 30000 to 40000 ug/L. Median 

concentrations in the PCCR (Precambrian crystalline), PMNS (North Shore Volcanics), and PMUD 

(Precambrian Metasedimentary undifferentiated) aquifers were 38909, 26763, and 31704 ug/L, 

respectively. Median concentrations of calcium were much greater in Ordovician and Quaternary aquifer 

groups compared to other groups. Calcite and dolomite are likely to control calcium and magnesium 

concentrations in these two aquifer groups. Concentrations of magnesium and calcium were greatest in 

Cretaceous aquifers. Some ion exchange of sodium by calcium is indicated since the contribution of 

sodium to total cations increased more than the contribution of chloride to total anions. Ion exchange 

alone cannot account for the distribution of calcium and magnesium in Cretaceous aquifers, since this 

process should lead to a reduction in calcium concentration. Calcium, magnesium, and sulfate 

concentrations were greater in Cretaceous aquifers than in other aquifers, indicating the potential impact 

of sulfate deposits on water chemistry of Cretaceous aquifers. Since these are much more soluble than 

carbonates, they may explain concentrations of calcium and magnesium which exceed calculated 
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concentrations for a system with carbonate controls on solubility. There are currently no health concerns 

with calcium and magnesium, but both contribute to hardness in water, which leads to scaling in pipes 

and plumbing fixtures. Ninety percent of all samples can be classified as hard or very hard (greater than 

120000 and 180000 ug/L as CaCO3, respectively). 

Calculated theoretical concentrations of strontium in equilibrium with celestite (SrSO4) or 

strontianite (SrCO3) are approximately 100000 and 14600 ug/L, respectively. These are well above the 

observed median concentration of 190 ug/L and greater than the HRL ( 4000 ug/L ). Strontium to calcium 

ratios in carbonate aquifers were approximately 0.0026, close to the value of 0.0022 reported in the 

literature for carbonate rocks. The strontium to calcium ratio in Precambrian aquifers was about 0.006, 

compared to a value of about 0.01 reported in the literature for igneous rocks. These data seem to 

indicate silicates may be controlling solubility in the Precambrian aquifers, while calcite and dolomite 

control solubility in the carbonate aquifers. A strong relationship was observed between strontium and 

sulfur concentrations (p = 4.1 x 10-200
; R2 = 0.60). Sulfur-bearing minerals such as celestite may be an 

important source of strontium in ground water, but ground water appears to be undersaturated with 

respect to strontium. Concentrations of strontium appear to be limited by the availability of strontium

bearing minerals. 

Calculated theoretical concentrations of barium in equilibrium with barite (BaSO4) and witherite 

(BaCO3) are approximately 150 and 53000 ug/L, respectively. The observed median barium 

concentration was 60 ug/L. A negative correlation was observed between sulfur and barium 

concentrations. Barium was one of the mostly highly correlated parameters with redox parameters. 

Barium solubility may be controlled by iron and manganese oxides as indicated by the strong 

correlations between barium, iron, and manganese. Only one sample exceeded the HRL of 2000 ug/L 

and only one other exceeded 1000 ug/L. 

Beryllium, although an alkaline earth metal, readily replaces silica in igneous rocks. Beryllium 

has an extremely low HRL of 0.08 ug/L. Equilibrium data for beryllium in equilibrium with silicates 

were not found. Hem (1992) estimated that beryllium in equilibrium with hydroxide would have a 

concentration of approximately 1 ug/L at pH values found in most samples. Calculated concentrations 

using thermodynamic data were much lower; however, typically being less than 0.0001 ug/L. Median 

concentrations for most aquifers were less than 0.01 ug/L, but upper 95th percent limit concentrations 

and 95th percentile concentrations exceeded the HRL for Precambrian crystalline (PCCR), North Shore 

Volcanics (PMNS), and Precambrian Metasedimentary (PMUD) aquifers. These results reflect the 

greater concentration of beryllium in igneous rocks. Twenty-two samples exceeded the HRL of 0.08 

ug/L, but many of these were between 0.08 and 0.10 ug/L. 

Page 54 Ground Water Monitoring and Assessment Program (GWMAP) 



Minnesota Pollution Control Agency March 1998 

Estimating aquifer sensitivity to contamination with barium, strontium, and beryllium is difficult 

because it is difficult to determine which minerals are controlling solubility. Barium and beryllium 

solubility may be controlled by hydroxides, and these species are likely to hold concentrations below the 

drinking water standards. Strontium concentrations cannot be held below the HRL if sufficient source 

mineral is available, but these minerals are not present in sufficient quantity to be a concern for drinking 

water quality. Soil inputs of these metals are unimportant, except in specific cases of contamination. 

Bicarbonate (HCO1=) (alkalinity) 

The carbonate system is extensively discussed in many hydrogeologic and soil texts. The 

carbonate system provides the primary control on pH in most ground water in Minnesota. Between pH 

6.5 and 10.0, bicarbonate (HCO3-) will be the primary dissolved carbonate species present in ground 

water. Alkalinity is a measure of the capacity of water to neutralize acids. Since the concentration of 

hydroxyl (Off) and carbonate (CO3
2
-) ions is small relative to the concentration of bicarbonate ion in 

most ground water, alkalinity is essentially a measure of bicarbonate. Salts of weak acids such as 

phosphates, borates, silicates, and some organic compounds may contribute to alkalinity, but these are 

usually negligible in natural waters. 

Carbonates may be present in ground water from two reactions. The first involves equilibrium 

between carbon dioxide and water: 

CO2 + H2O ➔ H2CO3 ➔ H+ + HCO3-. 

The second reaction involves dissolution of calcite or dolomite: 
Ir 

(Ca,Mg)CO3 ➔ (Ca,Mg)2+ + CO/ ➔ HCO3-. 

These two reactions have the effect of lowering and raising the pH of ground water, respectively. The 

first reaction may be more prevalent in shallow aquifers receiving direct recharge, since the partial 

pressure of carbon dioxide in soil is approximately 0.01, which is much greater than that of the 

atmosphere (0.0003). The second reaction is dependent on the availability of carbonate-bearing rocks, 

including those in the unsaturated zone. 

There were significant differences in alkalinity between aquifers, primarily attributable to two 

factors. First, concentrations were greater in Cretaceous aquifers and lower in surficial aquifers 

compared to other aquifer groups. This reflects residence time. As residence time increases, dissolution 

of parent material occurs and alkalinity increases if carbonates are present. Cretaceous ground water is 

likely to be very old and contain high concentrations of dissolved solids, whereas the opposite is true for 

surficial aquifers. The second factor is availability of source material, evident from lower concentrations 

of alkalinity in most Precambrian aquifers. An interesting calculation is the ratio of calcium to alkalinity 
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concentrations (ug/L). Ratios for age-based aquifer groups ranged from 0.26 to 0.30 except for the 

Cretaceous and Precambrian groups, in which the ratios were 0.41 and 0.22, respectively. The lower 

ratio in the Precambrian aquifer indicates that other compounds may be contributing to alkalinity, such 

as boric and silicic acid. The result should be a slightly greater pH in Precambrian aquifers, which was 

observed. Using median concentrations of calcium and alkalinity for Cretaceous and Precambrian 

aquifers, predicted pH using solubility data would be 6.9 and 7.1 in the two aquifer groups, respectively. 

The observed pH was 7.0 and about 8.2, respectively. In a system where calcite is not controlling 

bicarbonate and using a partial pressure of 0.001 for carbon dioxide, the estimated pH in Precambrian 

aquifers would be 8.6. These calculations reflect the importance of carbonate minerals in controlling 

bicarbonate, thus buffering pH in ground water. Many of the Precambrian aquifers may have low 

buffering capacity and thus be sensitive to changes in pH. 

Bismuth (Bi) 

Little information is available on the occurrence of bismuth in the environment. Bismuth may 

occur as sulfides, chlorides, or oxides. The aqueous form of bismuth is as free metal ( + 3) below Eh 

values of about O m V and BiO+ at greater Eh values. Bismuth in equilibrium with Bi2O3 would have a 

theoretical concentration of approximately 15 ug/L at pH 7 .28. Sulfides would hold concentrations much 

lower than this. Bismuth was undetected in most samples at a reporting limit of 0.03 ug/L. No sample 

exceeded 0.1 ug/L. There are no current health criteria for bismuth. The occurrence of bismuth in 

ground water appears to be limited by availability of bismuth-bearing minerals. 

Boron (B) 

Boron is present in the minerals kernite (NazB4O7·4H2O), sodium tetraborate, and tourmaline 

[(Na,Ca)(Li,Mg,Al)(Al,Mn,Fe)MBO3) 3• Information related to the natural occurrence and factors 

controlling dissolution of these minerals is limited, although tourmaline is considered to be resistant to 

dissolution. Soil concentrations of boron range from 2 to I 00 mg/kg. Boron released from minerals 

exist in solution as the weak acid H3BO3• Boron solubility in soil and the vadose zone may be controlled 

by iron and aluminum hydroxides, which it interacts with. Maximum adsorption of these hydroxides 

occurs at a pH of approximately seven to nine. The primary anthropogenic sources of boron include 

atmospheric deposition of coal combustion products, coal ash, and animal wastes. Boron is used in some 

industrial processes and as a softener in water treatment systems. 

Equilibrium information for boron is sparse. Calculated theoretical concentrations of boron in 

equilibrium with oxides exceed 10000 ug/L, well above the HRL of 600 ug/L. The solubility of 
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aluminum and iron hydroxides would be much lower and these hydroxides probably form effective 

solubility controls for boron. The overall median concentration of boron was 46 ug/L. There were 

widely varying concentrations between aquifers. The greatest concentrations were detected in the 

Cretaceous (KRET), Duluth Complex (PMDC), North Shore Volcanics (PMNS), and some buried 

Quaternary aquifers. The lowest concentrations were observed in Quaternary water table wells (QWT A) 

and in the Hinckley (PMHN) aquifer. The strongest correlations with boron concentrations were with 

sodium, potassium, iron, calcium, strontium, and fluoride ( all positive). Boron concentrations were 

greater in reducing environments. Since boron is not redox-sensitive in aqueous environments, the 

correlation with redox is due to the effect of iron hydroxides on solubility. The relationship with fluoride 

is due to replacement of hydroxyl groups in H3BO3 by fluoride. Correlations with sodium, potassium, 

calcium, and strontium may reflect increased residence time in ground water. As residence time 

increases, ground water tends to become more reducing. Thus, the relationship between boron 

concentrations and concentrations of sodium, potassium, calcium, and strontium may be due to the 

indirect relationship between redox potential and residence time. 

Seventy samples exceeded the HRL for boron and another 25 had concentrations between 500 

and 600 ug/L. The HRL exceedances were limited to the Precambrian, Cretaceous, buried Quaternary, 

and surficial Quaternary aquifers. Many aquifers had upper 95 percent confidence limits well above the 

HRL. The exceedances for Precambrian, Cretaceous, and buried Quaternary aquifers probably reflects a 

natural abundance of boron in aquifer materials. Exceedances of boron for the surficial Quaternary 

aquifer contrasts with the overall trend of increasing boron concentrations in older, more reducing waters 

and the low median concentrations of boron in this aquifer. The results suggest that surficial aquifers are 

sensitive to contamination with boron if there is a source of boron in the unsaturated zone. Boron is 

likely to be mobile in soils, particularly soils with low concentrations of iron and organic matter. 

Bromide (Br), Chloride (Cl), Fluoride (F) 

The halogens bromide, chloride, and fluoride occur as anions ( charge of -1) in ground water. 

They are relatively unreactive, often being used as conservative tracers. Natural sources of chloride 

include halite (NaCl) and brines. Bromide contents of halite and natural brines are approximately 68000 

and 100000 to 1000000 ug/L, respectively. There are no natural sinks for bromide and chloride. 

Fluoride is the most common halide in igneous rocks, being found both in fluorite (CaF2) and apatite 

[Cas(F,OH)(PO4) 3]. Unlike other halides, fluoride undergoes anion exchange, primarily with aluminum 

and iron hydroxides. Natural concentrations of bromide and fluoride in soil are generally low. 

Anthropogenic sources of chloride include fertilizer (KCI), sewage and animal wastes, industrial 
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releases, and road salting. Bromide may also be used in fertilizers (K.Br) and industrial processes, but 

much less commonly than chloride. Fluoride is used in industrial processes as a strong acid (HF). It is 

also a constituent of phosphate-bearing rocks used in the manufacture of phosphorus fertilizers. 

Fluoride concentrations in ground water in equilibrium with calcium at a concentration of 7 617 6 

ug/L (the overall median) will be approximately 850 ug/L. The overall median fluoride concentration 

was 340 ug/L. For fluoride concentrations of 800 ug/L and greater, there was no correlation between 

calcium and fluoride concentration (p = 0.17). Below concentrations of 500 ug/L, fluoride concentration 

was strongly correlated with calcium (p = 10-12
). The slope of the molar concentrations was 1.41 

([F/Ca]), which, although slightly less than the theoretical ratio of two, reflects the importance of 

calcium in controlling fluoride concentrations. An important consideration of the calcium-fluoride 

relationship is for water supplies to which fluoride is added. Addition of fluoride to municipal water 

supplies containing high concentrations of calcium may be ineffective due to precipitation of the 

fluoride. Approximately 78 percent of the data was below 500 ug/L. Calcium does appear to exert a 

solubility control over fluoride for much of the data set. Concentrations were greatest in the Cretaceous 

(KRET), unconfined Quaternary (QUUU), Precambrian crystalline (PCCR), and Duluth Complex 

(PMDC) aquifers. Concentrations were lowest in the Hinckley (PMHN) and Sioux Quartzite (PMSX) 

aquifers. The variability in the Precambrian aquifers reflects the presence or absence of fluoride-bearing 

minerals. 

There are no effective solubility controls on either bromide or chlorid_e in ground water. 

Bromide was detected in only 21 samples (reporting limit= 0.100 ug/L). The overall median 

concentration was 2400 ug/L, but there was considerable variability among aquifers. The greatest 

concentrations were in the Cretaceous (KRET), Sioux Quartzite (PMSX), Platteville (OPVL), Duluth 

Complex (PMDC), and unconfined Quaternary (QUUU) aquifers. Concentrations in the Cretaceous 

aquifer are likely to reflect the presence of marine deposits, while concentrations in the remaining 

aquifers may reflect inputs from human activity. Within age-based aquifer groups, concentrations were 

greatest in the Cretaceous and surficial Quaternary aquifers. These reflect natural and anthropogenic 

sources for the two aquifers, respectively. Concentrations were lowest in the Cambrian aquifers. 

Drinking water criteria exist for chloride (SMCL = 250000 ug/L) and fluoride (MCL = 4000 

ug/L ), but these criteria are not linked to specific health effects. Seven and two samples exceeded the 

drinking water criteria for chloride and fluoride, respectively. Halogenated aliphatic compounds 

represent a much more substantial health risk in ground water. Brominated compounds are the most 

toxic, wit~ chlorinated compounds being slightly less toxic and fluorinated compounds being much less 

toxic. However, due to the abundance of chloride relative to bromide, trihalomethane (THM) 
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compounds detected in ground water samples were primarily chlorinated. It is unclear what the 

contribution of chlorine from well disinfection is to the presence of THMs in ground water. 

Cadmium (Cd) 

Natural sources of cadmium include zinc-bearing minerals sphalerite and wurtzite (ZnS) and 

smithsonite (ZnCO3), which typically contain 0.2 to 0.4 percent cadmium. Concentrations in igneous 

and metamorphic rocks are generally less than 1 mg/kg, with an average of approximately 0.20 mg/kg. 

Concentrations in sedimentary rocks are not necessarily greater on average, but concentrations are more 

variable and may exceed 100 mg/kg. Concentrations in soil range from 0.05 to about 1 mg/kg. The 

primary form of cadmium in soil is as free metal (Cd2+) at pH values below about eight and as hydroxides 

at higher pH values, although cadmium may form complexes with chloride, sulfur, carbonates, and 

organic matter. Cadmium behavior in soil is highly variabie, although generally it is controlled more by 

adsorption processes than by coprecipitation, mobility increases rapidly with decreasing pH, and 

mobility is highly affected by the presence of ligands, chloride, and competing ions. Anthropogenic 

sources of cadmium include small amounts associated with atmospheric deposition, land application of 

sludges, lead-zinc smelting and mining activity, and disposal of industrial wastes, including metal 

wastes. 

Stability relationships indicate carbonates will control solubility down to Eh values of 

approximately -100 m V. Theoretical concentrations of cadmium in equilibrium with bicarbonate are 

approximately 135 ug/L. This is greater than the HRL (4 ug/L). Theoretical concentrations under 

reducing conditions in a system controlled by sulfides would be much less than 1 ug/L. The overall 

median concentration of less than 0.03 ug/L indicates cadmium concentrations may be limited by 

availability of cadmium-bearing minerals. There were five exceedances of the HRL, another five 

samples between 3 and 4 ug/L, and a total of 38 samples in which the concentration exceeded 1 ug/L. 

Concentrations in the Upper Carbonate group were much greater than in other aquifer groups. 

Concentrations decreased steadily from the Upper Carbonate to OSTP-OPDC-CJDN to CFIG-CFRN

CIGL to CMSH-CMTS-PMHN groups. Crystalline Precambrian aquifers had the lowest concentrations 

of cadmium in ground water. 

Concentrations of cadmium cannot be held below the drinking water criteria of 4 ug/L if 

sufficient cadmium-bearing material is present in ground water, except in strongly reducing 

environments. Surficial aquifers are susceptible to leaching of cadmium if sufficient cadmium is present 

in soil. Natural concentrations are extremely low; however, and the primary concern with cadmium is 

proper management of soils to which cadmium-bearing wastes are applied. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 59 



Minnesota Pollution Control Agency March 1998 

Carbon (C) 

Carbon exists in ground water in inorganic and organic forms. Most of the inorganic carbon 

occurs as bicarbonate. Organic carbon represents waste products of living matter. Although 

concentrations of organic carbon in ground water are low, organic carbon can have profound effects on 

ground water chemistry. The primary influences of organic carbon are on redox reactions and 

adsorption. Many metals, for example, form complexes with organic matter which greatly increases or 

decreases their mobility and toxicity in ground water. 

Organic carbon in ground water is assumed to have properties similar to soil organic carbon. 

These are well described in numerous soil texts, but it is important to note that organic matter, which 

consists of approximately 60 percent carbon by weight, can be involved in both cation and anion 

adsorption, has a cation exchange capacity approximately an order of magnitude greater than that of iron 

and aluminum hydroxides, can be highly hydrated ( adsorbs water readily), and is a food source for 

microbes. 

The primary source of organic carbon in ground water is likely to be leaching from the soil zone. 

Consequently, concentrations were greatest in aquifers which occur in soils rich in organic material and 

which are likely to receive direct recharge. These included some aquifers of the Upper Carbonate group 

and buried Quaternary aquifers. Concentrations were lowest in most of the Precambrian aquifers, 

reflecting the low organic carbon content of soils overlying these aquifers. Concentrations in surficial 

Quaternary aquifers were not particularly high compared to other aquifers. Although these aquifers are 

hydrologically sensitive, soils overlying these aquifers are often sandy and have low organic carbon 

contents .. 

Total organic carbon showed significant but relatively weak correlations with many parameters. 

These results reflect the importance of carbon in influencing water chemistry, but the difficulty in 

identifying specific impacts because of the complex nature of the organic material. More specific 

fractionation of organic material would be required to attempt to correlate distributions of chemicals with 

organic carbon content. These types of studies are warranted only when attempting to quantify natural 

attenuation capacities of ground water, such as at contaminated sites. 

Synthetic organic carbon in the form ofVOCs occurred in 11 percent of sampled wells. In wells 

where VOCs were detected, concentrations ofVOCs were generally less than ten percent of the total 

concentration of organic carbon. When synthetic carbon concentrations exceed about ten percent of the 

total organic carbon in an aquifer, their effect on water chemistry should be considered. 
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Cesium (Cs), Lithium (Li), Potassium (K), Rubidium (Rb), Sodium (Na) 

The alkali metals cesium, lithium, potassium, rubidium, and sodium all form monovalent species 

in ground water and are not involved in redox processes. Similarities between these elements largely end 

there, however. Silicates are the primary mineral sources for the alkali metals, particularly the feldspars. 

Sodium and potassium are by far the most abundant of the alkali metals, with concentrations ranging 

from a few thousand mg/kg in sedimentary rocks to several thousand mg/kg in igneous rocks. 

Concentrations of rubidium, lithium, and cesium are typically a few hundred, ten to 50, and less than I 0 

mg/kg, respectively, with concentrations being greatest in igneous rocks and shales. Concentrations in 

soil are within similar ranges. The mobile form is free metal, but mobility varies widely. The order of 

mobility is Li> Na> K >Rb> Cs. Although the alkali metals are widely used in industrial applications, 

anthropogenic sources do not typically represent a major input of these elements into soil or ground 

water. Exceptions include sodium and potassium in fertilizers and animal wastes, including septic 

systems, and sodium in road salts. 

The primary controls on solubility are likely to be silicates, although retention in clay lattices 

represents a significant sink for potassium. Weathering rates of silicates are slow. Sodium and 

potassium in equilibrium with feldspars would have concentrations of approximately 8000 and 2000 

ug/L, respectively. Concentrations of sodium and potassium in equilibrium with chlorides and 

carbonates would be in excess of 1000000 ug/L. The overall median concentrations of sodium and 

potassium were 9302 and 2297 ug/L, close to the concentrations predicted from solubility calculations 

for silicates. The standard deviations were very large; however, particularly for sodium. Both sodium 

and potassium would be expected to increase with residence time in ground water as a result of increased 

dissolution and ion exchange reactions involving calcium and magnesium. However, concentrations in 

aquifers exposed to direct recharge may also show increased concentrations of sodium and potassium. 

Ratios of sodium to (sodium+ chloride) provide insight into which of these two processes may be more 

important in an aquifer. Low ratios reflect potential inputs of chloride as well as sodium, as might occur 

with leaching through the unsaturated zone. Higher ratios reflect increasing sodium but not chloride, as 

would occur from dissolution and ion exchange. The lowest ratios were observed for the Quaternary 

water table (QWTA), Platteville (OPVL), Prairie du Chien (OPDC), Quaternary unconfined and 

undifferentiated (QUUU), and St. Lawrence-Hinckley (CSLH) aquifers. Except for the CSLH aquifer, 

these are all aquifers which are likely to be impacted by direct recharge. 

Equilibrium information was limited for rubidium, cesium, and lithium. If the dissolution rates 

of minerals containing these elements were similar to sodium, and using concentrations of these elements 

in source minerals, calculated concentrations would be I 0.5, 55, and 1.4 ug/L for lithium, rubidium, and 
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cesium, respectively. Observed median concentrations were nine, less than 555, and less than 0.009 

ug/L, respectively. Lithium concentrations appear to be somewhat predictable based on solubility 

calculations, while concentrations of cesium are not. This supports the conclusion that lithium mobility 

within ground water will be much greater than cesium. Lithium, potassium, and sodium were correlated 

with redox_ parameters, with concentrations being greater under increasingly reducing conditions. These 

correlations reflect increased residence time, which also results in ground water becoming more 

reducing. 

There are no health-based criteria for the alkali metals, although sodium has a MCL of 250000 

ug/L and lithium toxicity in plants has been observed at concentrations greater than 1000 ug/L. Ingestion 

of sodium at very high concentrations may increase the risk of hypertension. Fourteen samples exceeded 

250000 ug/L, with an additional 11 samples exceeding 200000 ug/L. All of these samples were from 

Cretaceous or buried Quaternary aquifers and chloride concentrations in these wells were very high, 

typically being in excess of 100000 ug/L compared to an overall mean of 2400 ug/L. In aquifers where 

silicates control solubility, concentrations of the alkali metals will be relatively low. Cpncentrations of 

sodium may be very high in aquifers susceptible to direct recharge or in which sodium-bearing 

carbonates or chlorides are present. 

Chromium (Cr) 

Chromium readily substitutes for iron and is therefore a common constituent of mafic and 

ultramafic rocks. Concentrations in igneous rocks exceed 100 mg/kg, but concentrations in sandstones 

and limestones are less. Average concentrations in soil are about 100 mg/kg. The most common 

oxidation states of chromium are + 3 and +6, with the trivalent form being prevalent under redox and pH 

conditions typically encountered in soil and ground water. Anthropogenic sources include atmospheric 

deposition resulting from release of chromium-bearing particles associated with ferrochrome, brick, and 

coal production. Chromium is widely used in industrial applications, including the plating, wood 

treating, and tanning industries. Chromium is enriched in sewage sludges and coal fly ash. The 

hexavalent form of chromium is much more mobile than the trivalent form and is considered to be more 

toxic. 

Trivalent chromium in equilibrium with either chromite (FeCr2O4) or Cr2O3 would have 

concentrations less than 0.001 ug/L. Hexavalent chromium in equilibrium with oxides would have 

concentrations well in excess of 1000 ug/L. Additional controlling minerals may include Cr(OH)3 under 

oxic conditions and (Fe, Ba, Pb)CrO4 under anoxic conditions. The overall median concentration was 

0.36 ug/L. Hem (1992) estimated that concentrations in equilibrium with hydroxides would have 
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concentrations ranging from 1 to 5 ug/L. Although there were significant differences between aquifers, 

the spread in median concentrations between aquifers was not large. Chromium showed many 

significant correlations with other parameters, but none of these was particularly strong ( all R2 

Spearmann rho coefficients were less than ±0.350). Chromium concentrations were positively correlated 

with dissolved oxygen. This may reflect contributions of more mobile forms of chromium, which are 

stable only under oxidizing conditions. However, the maximum concentration of chromium was 93 

ug/L, well below the HR.Ls of 600 and 20000 ug/L for hexavalent and trivalent chromium. 

Even when chromium-bearing minerals are not limiting, concentrations of trivalent chromium in 

equilibrium with oxides and hydroxides are well below health-based drinking water criteria. Oxygenated 

ground water is somewhat more susceptible to elevated chromium concentrations, but only under highly 

oxidized conditions would ground water be susceptible to contamination through leaching of chromium. 

Cobalt (Co) 

Cobalt is most commonly found in ferromagnesian minerals such as olivine, pyroxenes, 

amphibole, and biotite, where it substitutes for iron and manganese in the crystal structure. 

Concentrations in igneous rocks and shale typically range from 3 to about 25 mg/kg, although 

concentrations may exceed 100 mg/kg in mafic and ultramafic rocks. Concentrations in sandstones and 

limestones are less than 1 mg/kg. Concentrations in soil vary with parent material, but are typically less 

than 5 mg/kg. Cobalt is widely used in industrial applications, including as a pigment in paint and 

printing. 

Solubility controls on cobalt are likely to be primarily hydroxides, including those of iron and 

manganese. Hem (1992) estimates the conc·entration of cobalt in equilibrium with Co(OH)2 at pH 8 to be 

about 6 ug/L. The calculated theoretical solubility of cobalt in equilibrium with carbonate is about 10 

ug/L. Iron and manganese hydroxides and sulfides would be expected to provide solubility controls 

resulting in much lower concentrations of cobalt. The median concentration of cobalt was 0.4 7 ug/L. 

The HBV for cobalt is 30 ug/L. There was one exceedance of the HBV (49 ug/L), but all other 

concentrations were below 5 .2 ug/L. The strongest correlations between cobalt and other parameters 

were with, in order, calcium, magnesium, manganese (all positive correlations), and pH (negative 

correlation). 

The solubility controls discussed above will effectively prevent cobalt concentrations from 

reaching levels of health concern. Observed concentrations were approximately an order of magnitude 

below calculated concentrations, indicating cobalt concentrations in ground water are limited by the 

availability of cobalt-bearing minerals. 
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Copper (Cu) 

Copper forms sulfides, sulfates, carbonates, and some less significant compounds. It is typically 

found at concentrations ranging from 10 to 100 mg/kg. Concentrations are lower in carbonates. In soil, 

copper is found in oxides of iron and manganese, in organic matter, and in silicate clays. Soil 

concentrations are on average about 20 mg/kg. Copper is one of the most important metals in industrial 

applications, being used in alloys, paints, electrical wiring, electroplating, piping, and in construction 

materials. It has been used as a pesticide and in fertilizers and may be enriched in sewage sludges and 

animal wastes. Atmospheric depositions can be important in the vicinity of zinc smelting operations. 

The primary aqueous forms of copper are Cu+2 in oxidizing and acidic environments and as 

Cu(OH)2 in reducing and alkaline environments. Copper in equilibrium with sulfides (covellite, CuS) 

would occur at very low concentrations, less than 0.001 ug/L, while concentrations in equilibrium with 

sulfates ( chalcanthite, CuSO4'5H2O) would be very high, greater.than 10000· ug/L. Concentrations in 

equilibrium with carbonates would be about 3500 ug/L, but hydroxy-carbonate species would have much 

lower solubility, probably closer to 10 ug/L. Copper in equilibrium with oxides would be at a 

concentration of about 8 ug/L. The HBV for copper is 1000 ug/L. The overall median concentration was 

6.15 ug/L. Nearly half the samples were below the reporting limit of 5 .5 ug/L and the maximum 

concentration was 530 ug/L. 

Although copper can occur in the +2 or+ 1 form in aqueous systems, the +2 form dominates and 

no correlation between copper concentration and redox parameters was observed. Differences in 

concentrations between aquifers probably reflect differences in the copper concentration of source 

minerals. For example, copper concentrations were relatively high in the St. Lawrence formations and 

low in the Quaternary aquifers. Despite these differences, the range in concentrations was not great, with 

median concentrations for individual aquifers being between about 4 and 20 ug/L. The strongest 

correlations of copper were metals with which it may be found in association in minerals. These 

included Ti, Ni, V, and Zn. 

Solubility controls on copper will maintain concentrations below the HBV of 1000 ug/L. 

Ground water concentrations are in the range of 4 to 20 ug/L, which is within predicted solubility limits 

of copper oxides and hydroxides. 

Dissolved and Suspended Solids, Conductivity 

The total dissolved solid content (TDS) is equal to the sum of the mass of ions plus silica. The 

conductivity is the reciprocal of the resistance in ohms between the opposite facies of a 1-cm cube of an 

aqueous solution at 25 degrees Celsius. The ratio of the conductivity to TDS ranges from 0.55 to 0.76 for 
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most samples. Total suspended solids (TSS) represent the solid content of water retained by a filter, 

generally a 0.45 um filter. 

Each of these parameters is useful as an indicator of the water chemistry of a sample or an 

aquifer. TDS and conductivity can be used to predict concentrations of major cations and anions for 

individual aquifers. For example, the concentration of calcium (ug/L) in buried Quaternary aquifers is 

given by the equation: 

Ca = 16498 + 99 .97SC 

where SC is the specific conductivity in umhos. Regressions of concentrations of major cations and 

anions on TDS and specific conductivity were highly significant (p less than 0.001) for nearly all aquifer 

groups and individual aquifers with sample sizes greater than 20. • Consequently, for aquifers in which 

the appropriate regression coefficients have been determined, concentrations of major cations and anions 

can be predicted. 

These relationships did not hold for TSS. TSS concentrations were most highly correlated with 

iron. When samples are acidified in the field, metal in the sample will be converted to dissolved forms. 

Consequently, samples with high concentrations of suspended solids may reflect samples in which much 

of the measured metal was not dissolved prior to acidification. This explains why iron and TSS are 

correlated, since iron forms numerous complexes in ground water. 

Concentrations of TDS were greatest in Cretaceous (KRET), Sioux Quartzite (PMSX), and 

undifferentiated Quaternary (QBUU and QUUU) aquifers, and lowest in some of the Precambrian 

aquifers. Generally, these results reflect the slower rate of weathering in Precambrian aquifers, except 

for the Sioux Quartzite. Because conductivity and TDS are related, the primary utility of conductivity is 

that it can be measured in situ with a field instrument and thus has utility as a screening tool. TSS may 

be used to assess the importance of filtering samples, particularly when attempting to establish redox 

conditions within an aquifer. 

Dissolved Oxygen 

Dissolved oxygen is necessary for aerobic microorganisms and is a useful hydrologic indicator. 

Presence of oxygen at concentrations greater than about 1000 ug/L indicates aerobic environments. 

Theoretical concentrations of dissolved oxygen at temperatures found in ground water are approximately 

10000 ug/L, but concentrations greater than 5000 ug/L are rarely achieved. Sources of oxygenated water 

to aquifers include percolation of water through the vadose zone and direct interaction with surface . 
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water. Immediately after oxygenated water is introduced into ground water, reduction reactions 

continually consume oxygen. 

Stability of many chemicals is directly impacted by the presence of oxygen. Nitrate and 

halogenated VOCs in particular will not be degraded under aerobic conditions. Redox reactions 

affecting the concentrations of many other chemicals such as arsenic cannot proceed until oxygen is 

consumed. 

Although there were significant differences in dissolved oxygen concentrations between 

aquifers, the differences in median concentrations were not very large. This reflects the sample design 

for the baseline study, in that most wells sampled are screened near the middle or bottom of an aquifer. 

Oxygen is consumed relatively quickly in the upper 20 feet of an aquifer provided there are microbes and 

a food source present. Sixty percent of samples contained dissolved oxygen at a concentration less than 

500 ug/L. For samples with concentrations greater than 500 ug/L, almost 80 percent of these samples 

had concentrations between 1000 and 5000 ug/L. Dissolved oxygen is a useful indicator but, in general, 

provides little additional understanding of geochemical conditions within ground water unless a vertical 

dissolved oxygen profile can be established. 

Iron (Fe) 

Iron is a common metal found in minerals such as the pyroxenes, the amphiboles, biotite, 

magnetite, and olivine. Concentrations range from about 8000 to 40000 mg/kg, being less in carbonates 

and greater in igneous rocks. Concentrations in soil are about 40000 mg/kg. Iron is widely used in 

machinery and structural materials, but it has many other industrial applications. 

The predominant form of iron in solution is the ferrous ion (+2). Various hydroxides and 

organic complexes may also occur. Ferric iron (+3) may also occur, but in neutral solutions the 

concentration will be less than 10 ug/L. Numerous authors have developed Eh-pH stability diagrams for 

iron in systems with various concentrations of sulfate and bicarbonate. Between a pH of five to nine and 

Eh of -200 to 200 mV, ferrous iron concentrations can exceed 1000 ug/L and may approach about 60000 

ug/L. Above pH 8.5, siderite (FeCO3) begins to control solubility and equilibrium concentrations will 

decrease to about 250 ug/L. At lower redox values, sulfides control solubility and concentrations will 

again decrease to sub-ppm concentrations. Under oxidizing conditions iron may occur as a dissolved 

species in the ferric state, but concentrations will be less than 10 ug/L. The overall median concentration 

was 948 ug/L. The maximum concentration was 123000 ug/L, but the next highest concentration was 

63000 ug/L. The MCL for iron is 300 ug/L, which was exceeded by about 70 percent of the samples. 

However, particulate forms of iron may be substantial in ground water. Fractionation of iron was not 
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possible because samples were not filtered and were preserved in the field. The primary concerns with 

iron are discoloration of water and pipes and possibly poor taste if the iron is associated with organic 

matter or sulfides. More than 90 percent of the exceedances of the MCL were at redox values between 

100 and -200 mV (Eh approximately of Oto 300 mV). 

Although there were significant differences in iron concentrations between aquifers, the 

differences were not particularly strong. Some aquifers, such as the St. Lawrence formation (CSLF and 

CSTL ), showed elevated concentrations, while others such as the Sioux Quartzite (PMSX) and St. Peter 

(OSTP) had low concentrations. Differences appeared to be related to the availability of iron-beari~g 

minerals in the parent material. Iron was most strongly correlated with redox-sensitive parameters, such 

as nitrate, redox potential, dissolved oxygen (negative correlations) and manganese (positive 

correlations). Iron occurred at greater concentrations in the absence of tritium and in deeper wells, both 

of which are likely to reflect aquifers which will be more reducing. 

Iron is a valuable indicator of water chemistry. The baseline dataset is confounded by the lack of 

filtering for iron samples, since the important parameter in water quality analysis is the concentration of 

ferrous iron. Samples with redox values between 100 and -200 m V have iron concentrations which are 

reflective of solubility controls imposed by hydroxide and oxide species. Within these redox limits, iron 

concentrations cannot be held below the M CL of 3 00 ug/L if there are sufficient concentrations of iron in 

source minerals. There were many samples with relatively low concentrations of iron within these redox 

limits, suggesting that in many aquifers, availability of iron may limit concentrations, or dissolution rates 

are sufficiently slow to maintain concentrations below the MCL. Data outside these redox limits could 

not be evaluated to determine if iron was in equilibrium with parent minerals, since the samples were not 

filtere~ and much of the iron may be associated with colloidal material. 

Lead {Pb) 

Natural sources of lead include the minerals cerrusite (PbCO3), anglesite (PbSO4), and galena 

(PbS). Lead contents of rocks range from about 2 mg/kg in gabbro to over 20 mg/kg in granite. 

Anthropogenic sources include automobile emissions, mining and smelting activities, sewage sludge, 

lead-containing alloys and pipes, and batteries. Lead in soil will primarily be controlled by Pb(OH)2 in 

noncalcareous soils and aquifers and by PbCO3 in calcareous soils and aquifers, although sulfates are a 

common form for automobile emissions and metallic lead is a common form from salvaging and 

munitions operations. Lead has a very low mobility in soil and ground water. 

Stability diagrams indicate that lead will most often be in equilibrium with carbonate or mixed 

hydroxy-carbonate minerals. IfpH decreases below about six, sulfates may control lead solubility, while 
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sulfides are important at redox values less than approximately -150 m V. Lead in equilibrium with 

carbonates will have a concentration of approximately 5 ug/L. This is below the ground water action 

level for lead ( 15 ug/L ), although there is no level of lead that is considered to be safe for ingestion. 

Lead has no known beneficial health effects. Lead in equilibrium with Pb(OH)2 at a pH of 7.28 would 

have a solubility limit of 1249 ug/L. 

The overall median concentration of lead was 0.22 ug/L. Medians for most aquifers and aquifer 

groups were between 0.20 and 0.50 ug/L, indicating concentrations of lead in ground water may be 

limited by availability of lead-bearing minerals. Sixteen samples exceeded 10 ug/L, with three samples 

exceeding 50 ug/L. These greater concentrations may reflect soil inputs, although these wells were not 

resampled for verification. 

There were nine exceedances of the drinking water criteria (15 ug/L). There was no apparent 

pattern to the occurrence of these exceedances and they were distributed among several aquifers. Lead 

concentrations were greatest in the St. Lawrence (CSTL), Duluth Complex (PMDC), and Fond du Lac 

(PMFL) aquifers. Among aquifer groups, concentrations of lead were greatest in Precambrian aquifers, 

although the median concentration was still less than 0.50 ug/L. Lead concentrations were lowest in 

Quaternary aquifers (buried and surficial). 

Lead concentrations in ground water will be held below concentrations of 5 ug/L even when 

lead-bearing minerals are not limiting. Shallow aquifers, particularly non-carbonate aquifers, may be 

susceptible to lead contamination in areas where greatly elevated soil lead concentrations exist (probably 

greater than 10000 mg/kg, less in acidic soils), such as might occur adjacent to smelting, mining, and 

munitions operations, in soil where sludges are being applied, or near some waste disposal facilities. 

Manganese{Mn) 

Sources of manganese include the minerals rhodochrosite (MnCO3), manganite (Mn2O3), 

pyrolusite (MnO2), and alabandite (MnS). Concentrations range from 200 to 1000 mg/kg in igneous and 

metamorphic rocks to 20 to 600 mg/kg in sedimentary rocks, with lower concentrations in sandstones. 

The primary anthropogenic source is addition as an amendment to deficient crops, although manganese 

is present in alloys. Manganese most commonly occurs as oxides in soil, with oxidized forms (+4) 

prevailing in aerated soils and reduced forms (+2) present in reducing environments. Generally, more 

reduced forms of manganese are the most mobile in soil. 

Stability diagrams indicate that most sampled wells fall within the carbonate stability field. The 

calculated solubility for manganese in equilibrium with rhodochrosite is approximately 1200 ug/L, which 

is greater than the HRL (100 ug/L). However, calculations made for this report consider a drinking 
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criteria of 1000 ug/L, as outlined in the Minnesota Department of Health memo (MDH, 1997). 

The calculated solubility of 1200 ug/L is close to this value of 1000 ug/L. Neve et al. (1996) 

demonstrated that less than five percent of sampled wells exceeded theoretical concentrations calculated 

for individual wells. He also demonstrated that manganese concentrations increase as pH decreases. 

Although correlation coefficients are very low for this relationship, the pH-manganese relationship was 

highly significant (p less than 10-10
), with a slope of approximately -150 ug/L per unit increase in pH. 

The overall median concentration was 110 ug/L. Twenty-six values exceeded 1200 ug/L. 

Concentrations were greatest in Quaternary and Cretaceous aquifers and in the Mount Simon-Hinckley 

aquifer and somewhat lower in Ordovician aquifers. These trends coincide with lower redox values in 

the Quaternary and Cretaceous aquifers and greater redox values in the Ordovician aquifers. 

Natural manganese concentrations will be held close to the drinking water criteria unless 

manganese-bearing minerals are limiting. Elevated manganese concentrations will occur in reducing and 

low pH environments. Minimizing manganese concentrations in a well can be accomplished only 

through proper well location based on good geochemical interpretation. 

Mercury (Hg) 

Mercury concentrations in minerals and soil are very low, generally between 0.05 and 0.5 mg/kg. 

Mercury occurs primarily in nature as a sulfide and less frequently as a chloride. As· a sulfide it may 

occur with Zn, Fe, and other metals. Mercury sulfides are resistant to weathering and are relatively 

insoluble. Volatilization of elemental mercury and volcanic emissions represent the two most significant 

natural inputs of mercury into the environment. In soil, mercury occurs primarily as free metal. 

Oxidation states include +2 (oxidizing conditions) and zero (reducing conditions). Mercury forms strong 

complexes with sulfides, chlorides, and organic matter in soil. Mercury has had a wide variety of uses 

throughout history. Some uses, such as in pesticides and metal separating processes, have been 

dramatically reduced. The primary anthropogenic inputs of mercury are through atmospheric deposition. 

Smelting and mining, burning of fossil fuels, waste incineration, and land disposal of wastes containing 

mercury are the primary sources of mercury today. Mercury may also occur in elevated concentrations 

in sewage sludges, industrial wastes, pharmaceuticals, and electrical products. 

Mercury in equilibrium with free metal (Hg0) would have a solubility of approximately 25 ug/L 

in a closed system. When exposed to the atmosphere mercury would be expected to have a lower 

concentration due to volatilization. A concentration of 25 ug/L is much greater than predicted if mercury 

were in equilibrium with sulfide minerals. Mercury released to ground water or soil solutions appears to 

associate with organic matter and iron hydroxides, which may then control solubility. Mercury leaching 
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in soil will be minimal if there is sufficient organic matter and iron present, except in acidic soils (pH 

less than about five). 

The MCL for mercury is 2 ug/L. The median concentration was less than the reporting limit of 

0.10 ug/L. There were no exceedances of the MCL and the greatest observed concentration was 0.38 

ug/L. Mercury was detected in only 11 percent of the samples collected and was discontinued as a 

sampling parameter after 1994 (MPCA, 1995). Although there were significant differences in 

concentration between aquifers, there were no striking relationships. Mercury concentrations appeared 

to be elevated in samples collected from the Cedar Valley aquifer, but the median concentration was still 

below the reporting limit for this aquifer. Correlations between mercury and other sampled parameters 

were weak. 

Mercury solubility in ground water is likely to be controlled by dissolved organic matter and iron 

hydroxides, but the availability of mercury appears to be limited. Under natural conditions, ground water 

is not sensitive to contamination with mercury. There is evidence in the literature that ground water may 

be sensitive to mercury contamination at concentrations greater than the MCL if there is a source of 

mercury in soil. Assessing the mobility of mercury requires fractionation of mercury species, which was 

not done for the baseline samples. 

Molybdenum {Mo) 

Molybdenum concentrations in minerals are low, generally in the 0.1 to 1.0 mg/kg range. 

Molybdenum may occur as a sulfide, but more commonly is associated with metal ores, including those 

of tungsten, iron, tin, titanium, calcium, and lead. Concentrations of molybdenum in soil have an 

average concentration of about 8 mg/kg. Anthropogenic sources of molybdenum include atmospheric 

disposition resulting from mining and smelting activity and combustion of fossil fuels, and land 

application of molybdenum fertilizers, coal ash, and sewage sludges. Molybdenum is also widely used 

in steel manufacturing and in alloys for providing strength. 

Although solubility of native minerals containing molybdenum is low, molybdenum exists as an 

anion and may therefore be relatively mobile, particularly as pH increases. Molybdenum exists as 

hydroxides of iron and aluminum, as organic ·complexes, and as oxides. Molybdenum in equilibrium 

with MoO4 would have a concentration well in excess of 1000 ug/L, much greater than the HBV of30 

ug/L. However, hydroxides of Ca and Fe would have equilibrium concentrations of 50 to 100 ug/L, and 

polymers of Mo have equilibrium concentrations of 10 ug/L or less. The overall median concentration 

was below the reporting limit of 4.2 ug/L. Estimated mean concentrations were between 2 and 4 ug/L 
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for most aquifers and aquifer groups. There was one exceedance of the HBV at a concentration of 32.9 

ug/L. 

Concentrations of molybdenum were greatest in Cretaceous, buried Quaternary, and the 

Precambrian aquifers PMSX (Sioux Quartzite) and PMDC (Duluth Complex), and lowest in some of the 

Cambrian aquifers. Correlations of molybdenum with other selected parameters were greatest with 

metals such as nickel, titanium, and sodium. Correlations with other parameters, including redox 

parameters, well depth, and pH, were poor. 

Factors affecting molybdenum distribution are not completely understood. If concentrations are 

in equilibrium with organic-molybdenum complexes, the observed concentrations correlate well with 

predicted concentrations. Other solubility controls such as iron and calcium hydroxides cannot hold 

molybdenum concentrations below the HBV of 30 ug/L. Observed concentrations were an order of 

magnitude below the HBV and if these hydroxide species are controlling molybdenum solubility, 

concentrations of molybdenum are being limited by availability of molybdenum-bearing minerals. In 

this case, aquifers would be sensitive to contamination with molybdenum, since molybdenum can be 

mobile in soil. 

Nickel (Ni) 

Natural sources of nickel include sulfides such as millerite (NiS) and pentlandite (Ni,Fe)9S8 and 

silicates such as garnierite [(Ni,Mg)6Si4O10] (OH)8• Concentrations range from 2000 mg/kg in ultramafic 

igneous rocks, to about 100 mg/kg in basalts, to 50 mg/kg or less in sedimentary rocks and granites. 

Concentrations in soil are approximately 50 mg/kg, but may be as high as 7000 mg/kg in soils formed on 

serpentine. The primary form of nickel in soil is as free metal or a hydroxy-compound at pH values 

greater than eight, and as free metal, sulfates, or phosphates at lower pH values. Nickel mobility 

increases with decreasing pH and it readily forms complexes with iron. Anthropogenic sources of nickel 

include fertilizers (primarily phosphates), atmospheric deposition of fossil fuel combustion products, 

diesel exhaust, and sewage sludges, although the concentration of nickel in sludge is highly variable and 

may not be much greater than background soil concentrations. Nickel is also a widely used alloy and 

may be associated with metal waste. 

Nickel in equilibrium with silicates will have a theoretical concentration of approximately 0.036 

ug/L. The overall median concentration in ground water was less than the reporting limit of 6.0 ug/L. 

The theoretical concentration of nickel in equilibrium with Ni(OH)2 is approximately 10000 ug/L, 

although Baes and Mesmer (1976) report Ni(OH)2 may control concentrations at about 100 ug/L. The 

results suggest nickel solubility is being controlled by something other than silicates or that ground water 
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is not in equilibrium with respect to nickel. Potential controls on nickel concentration are formation of 

iron and manganese co-precipitates and sulfide compounds, both of which will hold nickel 

concentrations well below the HRL. Sulfides would exert a solubility control only in reducing 

environments. 

The overall median concentration is well below the HRL of 100 ug/L. Only one sample 

exceeded the HRL and the next greatest concentration was only half of the HRL. There appear to be 

sufficient geochemical controls on nickel solubility to minimize pollution susceptibility of ground water, 

except in cases where soils are not properly managed (e.g., low pH, low iron content) and a source of 

nickel is added to the soil. 

Nitrogen (N) 

Nitrogen concentrations in shales and igneous rocks are about 500 and 50 mg/kg, respectively. 

Concentrations in soil are generally greater than 1000 mg/kg. The main source of nitrogen in soil is 

through interaction with the atmosphere, which is about 78 percent nitrogen by volume. Nitrogen is 

retained in soil due to the intensity with which it is utilized by living organisms. Consequently available 

nitrogen is rapidly assimilated into plant and animal tissue and is concentrated in the organic fraction of 

soil. Human activity in the past century has dramatically altered the nitrogen cycle by increasing the 

quantities of nitrogen input into soil and by accelerating the release of nitrogen from organic fractions. 

Anthropogenic sources of nitrogen include atmospheric deposition of nitrous oxides and ammonia 

associated with combustion of fossil fuels, land application of animal wastes, and application of 

fertilizers to agricultural crops. Much smaller but locally significant release of nitrogen-containing 

compounds may occur through mining, energy production, and industrial activities. Examples include 

soil contamination with trinitrotoluene (TNT) associated with manufacture of munitions and cyanide 

contamination of soils beneath coal gasification facilities. 

Although nitrogen may occur in any redox state from -3 to +5, the three most important states 

with respect to ground water are -3, 0, and +5. Other oxidation states may occur but they are transitory 

and reflect systems which are not in equilibrium. The oxidation state which occurs is a function of the 

redox potential of the system. In natural ground water systems, the Eh boundary between nitrate and 

nitrogen gas is approximately 50 m V. Above this value, nitrate will be stable in ground water. Because 

it is poorly adsorbed and mobile, nitrate can accumulate to levels of concern. Below Eh values of about 

50 m V, nitrate will undergo a series ofreduction reactions called denitrification, which results in 

transformation of nitrate to nitrogen gas, which then volatilizes. In reducing ground water, ammonia can 

be a concern if there are direct sources of ammonia to the aquifer. High concentrations of nitrate and 
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ammonia can occur simultaneously in reducing waters when nitrogen inputs are significant, as might 

occur beneath landfills, waste lagoons, feedlots, or failed septic systems. A less significant form of 

nitrogen in unimpacted ground water will be organic nitrogen. Nitrogen makes up about five percent of 

organic matter, by mass. Typical concentrations of organic nitrogen in ground water should therefore be 

approximately 100 ug/L. 

Organic nitrogen and ammonia nitrogen were not measured during the baseline study. For much 

of the baseline dataset, a reporting limit of 500 ug/L was used for nitrate. These factors prevented a 

rigorous understanding of nitrogen in ground water. Not considering point sources of nitrogen, the 

primary source of nitrogen into ground water will be through leaching of nitrate from the unsaturated 

zone. There has been considerable debate regarding natural concentrations of nitrate in the soil solution 

and ground water. Unless conditions in ground water are sufficient for denitrification to occur, nitrate 

will be conservative. Consequently, in aerobic aquifers, baseline concentrations reflect concentrations 

likely to be found in leachate. Unfortunately, the baseline data is not ideally suited to separating data 

into nitrate-stable and nitrate-unstable conditions in ground water. Utilizing a procedure described by 

Neve et al. (1996), median nitrate concentrations were calculated for each aquifer and overall for 

samples in which nitrate would be· expected to be thermodynamically stable. The overall median in these 

"nitrate stable" waters was 510 ug/L, with a 95th percentile of 18063 ug/L. The median for the 

Quaternary water table aquifer (QWTA) was 1750 ug/L. The median in some aquifers, such as the 

Cretaceous, was greater than 5000 ug/L, while in others, such as the buried Quaternary aquifers, the 

median was less than 500 ug/L. The overall mean for all samples, not considering nitrate stability, was 

less than 100 ug/L. Consequently, background concentrations of nitrate in aerobic aquifers varies, but 

appear to range from less than 500 to about 1500 ug/L for most aquifers. In anaerobic aquifers, 

background nitrate concentrations are less than 100 ug/L. 

Concentrations of nitrate cannot be held below the HRL of 10000 ug/L through solubility 

controls. Nitrate is also poorly adsorbed and is mobile. Consequently, the primary attenuation 

mechanism for nitrate will be denitrification. 

Nitrate concentrations were greatest in the QWTA aquifer and lowest in the Devonian aquifer. 

Concentrations were greater in large diameter wells, in wells containing VOCs, and in wells containing 

tritium. Nitrate concentrations also varied by year and by season, although the seasonal pattern varied 

between aquifers. Nitrate was highly correlated with the redox parameters. The overall median was well 

below the HRL of 10000 ug/L, but 3 .25 percent of all samples exceeded the HRL, including 7. 7 percent 

of Cretaceous samples and 5. 7 percent of surficial Quaternary samples. 
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Nitrate cannot be held below the HRL in aerobic aquifers if a source of nitrogen exists. The 

primary source of nitrate will be percolation through the unsaturated zone. Nitrate is highly affected by 

many physical, chemical, and human factors and deserves much greater consideration than provided in 

this short summary. Nitrate results will be studied extensively in subsequent reports. 

Oxidation-reduction potential 

The oxidation-reduction (redox) potential of a system, usually expressed as the Eh (m V), is a 

numerical index of the intensity of oxidizing or reducing conditions within a system. This nomenclature 

can be somewhat confusing, since the reported values of Eh are relative to the standard hydrogen half

cell. Unlike concentrations, which represent mass per unit volume, Eh values are a relative measurement 

which reflects the redox status of an aqueous system. Physically, the value of Eh has little meaning, but 

rather expresses the tendency of a system to accept or donate electrons. For example, reducing 

environments would have a tendency to donate electrons. 

Redox reactions are extremely important in aqueous systems. From an environmental 

perspective, the most important application is for chemicals which may have toxic effects in ground 

water. Most metal and organic contaminants of ground water are sensitive to redox reactions, and many 

have redox "windows" in which they will undergo transformation. This transformation may increase or 

reduce chemical mobility, or it may increase or decrease the toxicity of a chemical. One example is 

degradation of most halogenated VOCs, which generally proceeds under strongly reducing conditions. 

Another example is arsenic, in which the more toxic form (+3) is more prevalent under reducing 

conditions. 

Most redox reactions are biologically mediated. Microorganisms utilize various electron 

acceptors in the production of food. Consequently, ground water proceeds through a series of reduction 

reactions. The primary electron acceptors, from most oxidized to most reduced conditions, are oxygen, 

nitrate, manganese (+4), iron (+3), sulfate, carbon dioxide, and finally hydrogen. Other redox couples 

are present but they are generally not as important as the sequence described above. Lower boundaries 

of these redox couples, expressed as Eh in mV, are approximately 200, 50, 25, -500, -700, -725, and -

800, although these vary with pH, temperature, and water chemistry. 

Despite the potential utility of measuring Eh, accurate measurement is difficult. Eh is likely to 

vary widely within ground water even over short distances and the Eh electrode itself is subject to a 

variety of processes which reduce its accuracy. These are described in numerous texts. 

Despite these difficulties, general patterns of chemical behavior associated with redox values 

were evident from the baseline dataset. There were significant differences between aquifers, but the 
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results are mixed. Aside from the difficulties inherent in measuring Eh, an important factor is that many 

sampled wells are screened near the bottom of an aquifer. Oxygen and nitrate will probably decrease 

rapidly in the upper ten to twenty feet of an aquifer. The redox window for manganese is relatively 

small, while that for iron is large. Consequently, most data fall within either the oxygen or iron 

windows. The most important utility of redox is in correlations with other parameters. Some of these 

were investigated in Section 3 .2.2. 

mi. 
The negative log of the hydrogen ion activity represents the pH. The overall median pH was 

7 .24. If pH is ad justed for temperatures occurring within ground water, a neutral pH would be about 7.3. 

The overall median pH of 7 .24 was therefore close to neutral. 

The pH of ground water has important effects on biogeochemical processes. Solubility of many 

metals and metalloids are pH sensitive. Microorganisms prefer a pH in the range of six to eight. In 

addition, pH can be an indicator of geochemical processes, particularly of which species may be 

controlling solubility. 

Ninety-eight percent of the samples had pH values between 6.0 and 8.6. Acidic ground water 

will be more likely in aquifers overlain by acidic parent material, under forested vegetation ( especially 

oak and coniferous species), under land receiving inorganic nitrogen fertilizers, or under land receiving 

direct recharge water enriched in carbon dioxide. Alkaline ground water will be more likely under 

silicate parent material, in sodium-enriched ground water, and under certain types of vegetation (native 

grass and some broadleaf species). 

The pH values were greatest in some of the Precambrian aquifers, reflecting the impact of low

carbonate and silica-rich parent material. pH values were lowest in the Cretaceous and Sioux Quartzite 

aquifers, both of which had high concentrations of total dissolved solids, and in the undifferentiated 

Quaternary (QBUU and QUUU) aquifers. These aquifers have a high percentage of large diameter wells. 

These wells may be dug wells and the low pH may reflect direct seepage from the unsaturated zone. pH 

was negatively correlated with dissolved oxygen, probably because carbon dioxide concentrations will be 

greater in oxygenated water. More detailed information concerning land use, soil types, and geology 

would be needed to use pH information for interpreting ground water geochemistry data. 

Phosphorus (P) 

The primary phosphate-bearing mineral is apatite, which is a calcium-phosphate mineral 

containing variable amounts of OH', F-, and er. Concentrations in rocks and soil range between 100 and 
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I 000 mg/kg. Phosphorus is used widely in fertilizers and detergents and is enriched in sewage sludges. 

It is also used in some pesticides. 

The predominant form of phosphorus in the environment is the oxidized form ( +5), phosphate. 

Reduced forms, which are often associated with organic matter, are quickly oxidized except under 

reducing conditions. In aqueous systems, the primary form of phosphorus will be H2PQ4• or HPO/". The 

equilibrium constant for these two species is about 7 .2, which means that in most ground water samples, 

the two forms will be nearly equal in concentration. Phosphorus is strongly adsorbed in aqueous 

systems, forming complexes with metals, particularly iron and manganese. These will limit solubility of 

phosphorus to 10 to 100 ug/L in most ground water. The overall median concentration of phosphorus 

was 70.6 ug/L. The median concentrations for total phosphate and orthophosphate were 50 and 10 ug/L, 

respectively. At pH values observed in most samples, the orthophosphate species (OPOt) would be 

relatively unimportant. 

Concentrations of phosphorus varied widely between aquifers. Concentrations were higher in 

some surficial aquifers ( e.g., Upper Carbonate aquifers) and also in some buried aquifers (buried 

Quaternary aquifers). These may reflect inputs from the unsaturated zone and from weathering, 

respectively. Lower concentrations were observed in some Precambrian and Cambrian aquifers, 

probably as a result of low concentrations of phosphorus in parent materials. Phosphorus was strongly 

correlated with redox parameters, increasing in concentration as ground water became more reducing. 

This correlation reflects the association between phosphorus and various metals which become more 

available under reducing conditions, particularly iron and manganese. 

A potentially important application of phosphorus in ground water occurs in surficial systems 

where ground water may be discharging to surface water. Phosphorus is an important contaminant in 

surface water, resulting in excess microbiological growth, oxygen depletion, and eutrophication when 

concentrations exceed I 000 ug/L. Surface waters have phosphorus concentrations in excess of 100 ug/L 

and typically in excess of 500 ug/L when there are inputs related to human activity. Ground water 

having concentrations of phosphorus between 50 and I 00 ug/L will dilute surface water concentrations 

of phosphorus. The dynamics of these relationships require further investigation. 

There are currently no health concerns associated with phosphorus in ground water. Phosphorus 

concentrations in ground water will be controlled by metal hydroxides, particularly those of iron and 

manganese. Hydroxides of phosphorus readily precipitate and equilibrium concentrations of phosphorus 

in the presence of iron and manganese will be less than 100 ug/L. Although enrichment of surficial 

aquifers may occur if there are phosphorus inputs into soils, concentrations should remain less than I 00 

ug/L because of the strong tendency to associate with hydroxides in ground water. 
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Selenium (Se) 

Selenium is typically associated with sulfide ore deposits. Relatively high concentrations, up to 

675 mg/kg, may be.found in black shales and organic-rich sandstones. More typical concentrations; 

however, are in the 0.01 to 0.5 mg/kg range. Elevated concentrations in soil may result from 

atmospheric deposition of volcanic emissions. The primary forms of selenium in soil include elemental 

selenium at Eh values below about 40 m V, selenite (HSeQ3 • or SeO3 
2
·) at redox values up to about 440 

mV, and selenate (SeO/") under more oxidizing conditions. The anionic forms are relatively mobile in 

soil, although anion exchange may occur with iron and aluminum hydroxides and organic matter. 

Selenium mobility increases with pH and it is thus more leachable in arid climates. Selenium has been 

used in the production of pigments, steel, and rubber, it is contained in phosphate fertilizers, and it is 

present in sewage sludges, though at concentrations less than IO mg/kg. The primary anthropogenic 

source of selenium appears to be atmospheric deposition resulting from coal combustion. 

Sulfides have low solubility in ground water and selenium concentrations in ground water will 

be very low. The primary contribution of selenium to ground water will be percolation through the 

unsaturated zone. Since selenium mobility will be greatest at higher pH and redox values, ground water 

occurring under these conditions may be susceptible to elevated concentrations. Significant correlations 

were observed between selenium and geographic location for surficial Quaternary aquifers, with 

concentrations increasing to the west and south. 

Selenium toxicity in plants is well documented. Despite this, it is often deficient in soils. The 

overall median concentration in ground water was 1.9 ug/L, well below the HRL of30 ug/L. There were 

seven exceedances of the HRL (30 ug/L). Concentrations appeared to be elevated in Quaternary aquifers 

and lower in the Cambrian, Devonian, and Ordovician aquifers. The primary controls on selenium in 

ground water appear to be related to availability of selenium in the unsaturated zone and subsequent 

leaching to ground water. Shallow, oxygenated aquifers will be susceptible if a source of selenium exists 

in the unsaturated zone. 

Silica (Si) 

Silica is the second most abundant element in the earth's crust. It comprises 20 to 40 percent of 

minerals, by weight, except for the carbonates. The chemical bond between silica and oxygen is very 

strong and silica therefore occurs as various oxides, generally in a hydrated state. In oxygen-rich 

environments, silica will occur as dissolved H4SiO4 or in association with some divalent metal such as 
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magnesium in the mineral forsterite (Mg2SiO4). Other silica-oxygen configurations exist, including 

sheetlike structures such as kaolinite (Al2Si2Os(OH)4) and silicates with the general formula (Si02) 0 • • 

In general, resistance to weathering for a silicate varies directly with the proportion of bonds 

occurring between oxygen and silica, as opposed to bonds involving other metals such as calcium, 

magnesium, and iron. The primary dissolved form of silica will be silicic acid (H4SiO4), which will 

dissociate at a pH of approximately 9 .4. The lower solubility control on silica will be quartz, which 

would yield a dissolved concentration of approxim.ately 5000 ug/L silica at neutral pH and about ten 

degrees Celsius. The upper end of solubility limits would be for amorphous silica, which is reported by 

Hem to yield silica concentrations in natural waters of 350000 to 400000 ug/L. The baseline median 

concentration was 10766 ug/L. Hem proposed that various amorphous forms of silica control solubility. 

Silica concentrations were greatest in the Quaternary aquifers, particularly the buried aquifers. 

Concentrations were lowest in Cambrian and Precambrian aquifers. For the Cambrian aquifers, the low 

concentrations may be due to reduced concentrations of silica in carbonate aquifers, although 

concentrations of silica in the Jordan sandstone were similar to other Cambrian aquifers. For 

Precambrian aquifers, the lower concentrations may be the result of resistant parent material. Despite 

these differences in silica concentration between aquifers, the range in silica concentrations was 

relatively narrow. Most aquifers had concentrations from about 6500 to 12000 ug/L. There are currently 

no health concerns with silica in ground water. 

Despite the natural abundance of silica, silica has a relatively minor role in ground water 

chemistry. In some aquifers, particularly low carbonate aquifers, silicate minerals may control solubility 

of some metals. 

Silver (Ag) 

Silver occurs primarily in metal sulfides, associated with lead, antimony, arsenic, tellurium, and 

selenium. It also occurs less frequently in halide minerals. Natural concentrations are low, less than 0.5 

mg/kg on average. Concentrations in soil are even lower, being about 0.01 mg/kg on average. Silver 

has a wide variety of uses, including photography, alloys, mirrors, electronics, and pharmaceuticals. It 

has also been used as a microbial poison, since the soluble forms of silver, particularly the + 1 form, are 

extremely toxic to lower life forms. 

Silver has a very low solubility. The most soluble forms of silver are the chlorides, which would 

be expected to result in silver concentrations of approximately 0.03 ug/L. Concentrations of silver in 

equilibrium with sulfides and oxides would be much lower. The median concentration for silver was less 

than the reporting limit of 0.009 ug/L. The HRL for silver is 30 ug/L. The maximum concentration 
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detected was 0.967 ug/L. About 65 percent of the samples were below the reporting limit. Despite 

significant differences in concentrations by aquifers, there was no clear pattern to the distribution of 

silver. Larger diameter wells showed lower concentrations of silver. If these large diameter wells were 

primarily dug wells, these results may reflect the low concentrations of silver likely to occur in the 

unsaturated zone. 

Natural controls on silver solubility will maintain silver concentrations well below the HRL. 

Soil concentrations are likely to be even lower than those in ground water. Ground water is generally not 

susceptible to contamination with silver. 

Sulfur (S) 

Sulfur is widely distributed in rocks as metallic sulfides and sulfates, many of which are of 

economic importance. Sulfides have very low solubility. Upon release, sulfides may be oxidized to 

sulfate. Sulfate-bearing minerals are relatively common and most are highly soluble. Sulfur is important 

in many biogeochemical reactions and processes and is readily taken up by plants. Sulfur is recycled 

rather quickly in soil. Sulfur will occur in oxidized soil waters as the sulfate ion and under reducing 

conditions as hydrogen sulfide. Large quantities of sulfate may be released with volcanic emissions. 

Although sulfates are widely used in many industrial processes and in fertilizers and pesticides, the 

primary anthropogenic sources of sulfur are associated with burning of fossil fuels and with mining and 

smelting operations. 

The MCL for sulfate is 500000 ug/L. The primary solubility control on sulfate will be gypsum 

(CaSO4) in most systems. The concentration of sulfate in equilibrium with gypsum will be about 107 .18 

x 107 ug/L. Barium and strontium can form effective solubility controls in systems where their 

concentration is about 1000 and 10000 ug/L, respectively, but these were not encountered. The greatest 

control on solubility is likely to be imposed by bacterial reduction of sulfate. The minimum 

concentration of sulfate in ground water in equilibrium with modern day rainfall should have a 

concentration between 1000 and 10000 ug/L. Below Eh values of about -200 m V, sulfate will be 

reduced to hydrogen sulfide. Few wells have Eh values this low. Hydrogen sulfide was not analyzed. 

Although sulfur concentrations in ground water are reflective of geochemical processes in an 

aquifer, some of these processes act to cancel each other, making interpretations of sulfur distribution 

difficult. Sulfur will increase in concentration as residence time increases due to increasing dissolution. 

This was validated by increasing concentrations of sulfate and sulfur with increasing well depth, greater 

concentrations of sulfur and sulfate in Cretaceous aquifers, and increasing concentrations of sulfur and 

sulfate from east to west. However, two factors tended to counteract these patterns. First is the increase 
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in atmospheric sulfur concentrations during this century, which has resulted in percolation of water 

containing concentrations of sulfate greater than those in older ground water. For example, QWTA wells 

and wells containing detectable concentrations of tritium might be expected to have low concentrations 

of sulfate because of the influence of recharge water, which should be high in oxygen and low in 

dissolved solid concentrations. This was not observed; however, probably because concentrations of 

sulfate in percolating water reflect atmospheric inputs. The second factor is the continuous recycling of 

sulfur by microorganisms, which will consume sulfur and diminish the effect of dissolution reactions. 

Sulfate was highly correlated (R2 > 0.60) with calcium, magnesium, strontium, total dissolved 

solids, and specific conductivity. The correlation between total sulfur and sulfate was 0.98, reflecting the 

dominance of sulfate in most ground water. There was a tendency for lower Eh values and lower ratios 

of sulfate to total sulfur when sulfate concentrations were low (less than 250 ug/L). 

Naturally-occurring sulfates cannot effectively keep the concentration of sulfate below the MCL 

of 500000. Concentrations rarely exceed 100000 ug/L, however. Concentrations of sulfate are probably 

controlled by biological processes or by the availability of sulfate-bearing minerals. Waters with high 

concentrations of sulfate may have poor taste and a laxative effect. 

Thallium (Tl) 

Generally, thallium concentrations in minerals are relatively low, but the element is widely 

dispersed. Some igneous rocks and shales may contain sulfides which are somewhat enriched in 

thallium. Thallium may also substitute for potassium in micas, feldspars, and clays. Soil concentrations 

are likely to vary widely because of the uneven distribution in parent rock. Most soils would be expected 

to have concentrations below 1 mg/kg. Thallium was once used widely as a pesticide, but has now been 

banned in many countries. Its use in glass, electrical engineering, and semiconductor industries is 

expanding. Thallium is relatively volatile and the primary anthropogenic sources of thallium are from 

flue dusts associated with smelting of lead and zinc sulfides and high temperature production of metals. 

Geochemical information on thallium was not found. The + 1 form is likely to occur in solution. 

Under oxidizing conditions the + 3 form will precipitate as iron or manganese oxides. The HRL for 

thallium is very low at 0.6 ug/L. There were two exceedances of the HRL, with one sample having a 

concentration of 42.70 ug/L. Sixty percent of the samples were below the reporting limit of 0.005 ug/L. 

Thallium concentrations tended to be greatest in the Cambrian aquifers and least in the Precambrian 

aquifers. Correlations between thallium and potassium would be expected because thallium readily 

substitutes for potassium in mineral structures. No correlation was observed; however, suggesting 
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concentrations of thallium in ground water may be limited by the availability of thallium-bearing 

minerals. 

Temperature 

Temperature is a critical factor controlling microbiological activity and solubility reactions in 

ground water. The primary controls on temperature in ground water were well depth and UTM-north 

coordinate. Temperature increased with well depth and decreased to the north. Other relationships 

involving temperature were relatively weak and the temperature range found in ground water is 

insignificant with respect to potential impacts on microbiology or geochemistry. 

Tin (Sn) 

The primary natural source of tin is the mineral cassiterite (SnO2). Tin also commonly occurs in 

sulfide ores. Concentrations in igneous rocks and shales are a few mg/kg and much less in sandstones 

and limestones. Concentrations in soil range from 1 to 10 mg/kg. Tin is widely used in heavy industrial 

applications, including as a protective coating, in solders, and in the manufacture of bronze. 

Tin, in equilibrium with cassiterite, would have a concentration of approximately 21 ug/L at pH 

7.28. The median concentration was less than the reporting limit of 0.06 ug/L. The HRL is 4000 ug/1. 

The maximum concentration was 2.6 ug/L. Tin was the only sampled parameter in which concentrations 

did not differ between aquifers. Tin in ground water appears to be controlled by the availability of tin

bearing minerals, but even if these minerals were abundant, solubility controls will effectively keep the 

concentration of tin well below levels of concern. 

Titanium (Ti) 

Titanium is a common element in crustal rocks such as rutile (TiO2) and ilmenite (FeTiO3). It is 

also common in soils, with an average concentration of about 5000 mg/kg. Titanium is widely used in 

alloys, paints, ceramics, and structural materials. 

Titanium oxides are extremely resistant to weathering. Little is known about solubility controls 

in natural waters, but Hem (1992) estimates that concentrations in equilibrium with source minerals will 

be less than 1000 ug/L, perhaps less than 100 ug/1. The highest concentration from the baseline data 

was 0.23 ug/L and over half of the samples were below the reporting limit of0.0034 ug/L. There are 

currently no available health criteria for titanium. Concentrations of titanium in ground water appear to 

be controlled by the availability of titanium-bearing minerals. 
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Tritium c3ID 
Tritium represents a heavy isotope of hydrogen in which there are two neutrons and one proton, 

yielding an atomic mass of 3 g/mole. Tritium is a natural isotope of hydrogen, but since atomic testing 

began in the 1950's, concentrations of tritium in the atmosphere have been much greater than the natural 

background concentrations. Consequently, tritium provides a useful indicator of the relative age of 

ground water (pre- or post-1950's). The concentration of tritium in the atmosphere has not been stable 

over time, fluctuating with the level of nuclear testing. Unless a profile of tritium concentrations in rain 

water can be established locally, tritium concentrations in ground water cannot be used to estimate the 

age of ground water. Ground water containing tritium at concentrations greater than about ten tritium 

units (TUs) is assumed to reflect "young" water (post-1950's), samples with tritium concentrations less 

than 0.8 TUs (non-detect) reflects "old" water (pre-1950's), and water with tritium concentrations 

between 0.8 and ten TUs is considered to be "mixed." 

Tritium correlated well with many parameters considered to reflect the relative age of ground 

water. Concentrations of chloride, nitrate, and dissolved oxygen were greater in wells containing 

detectable tritium, while concentrations of boron, iron, bicarbonate, magnesium, and manganese were 

greater in wells not containing detectable tritium. Tritium was less effective as an indicator of age in 

aquifers which are highly responsive or not responsive to recharge, such as the Quaternary water table 

(QWTA) and Cretaceous aquifers, compared to aquifers with variable hydrologic sensitivity, such as 

some of the Ordovician and Cambrian aquifers. Sampling was biased in that tritium was only sampled in 

wells considered to be potentially hydrologically sensitive. The primary utility of tritium appears to be 

for aquifers with variable hydrologic sensitivity or for highly sensitive aquifers in which nitrates are not 

detected. Absence of nitrate and presence of tritium is an indication that nitrate inputs into an aquifer are 

low or that nitrate is being reduced within the aquifer. 

Vanadium (V) 

Vanadium is primarily associated with nickel and iron sulfides. It is relatively common in 

igneous rocks and shales. Concentrations are lower in sandstones and limestones. Average 

concentrations in soil are approximately 100 mg/kg. The major anthropogenic sources of vanadium are 

related to fossil fuel combustion, both through atmospheric deposition and land application of fly ash. 

Vanadium is widely used in industry but generally in small quantities. 

The chemical behavior of vanadium is complex. Three oxidation states, +3, +4, and +5, can be 

present in solution, but the +5 form is considered to be most important. Hem (1992) estimated a 

vanadium solubility of about 10 ug/L in a system in equilibrium with 10000 ug/L sulfate and 61000 ug/L 
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bicarbonate. Vanadium will interact with iron and organic matter, but there is insufficient information to 

establish solubility relationships for these compounds. Vanadium is readily reduced, particularly by 

organic matter. 

The overall median concentration of vanadium was 4.9 ug/L, but 480 samples were below the 

reporting limit of 4.6 ug/L. The HRL is 50 ug/L. Two samples exceeded the HRL and another 181 

samples exceeded 10 ug/L. The strongest correlations for vanadium were with copper, nickel, and 

titanium. Well diameter had a large impact on vanadium concentrations, with concentrations being 

greater in large diameter, dug wells. 

Solubility controls on vanadium should keep concentrations in ground water below the HRL. 

However, the predicted concentrations are sufficiently close to the HRL, vanadium is relatively abundant 

in rocks and soil, vanadium can be mobile in soil in the absence of organic matter and iron, and there is 

enough uncertainty about the behavior of vanadium in the environment to warrant some concern for this 

element in ground water. 

Zinc (Zn) 

Natural sources of zinc include the minerals smithsonite (ZnCO3), sphalerite and wurtzite (ZnS), 

willemite (Zn2SiO4), zincite (ZnO), and zinkosite (ZnSO4). Concentratio~s range from 10 to 30 mg/kg in 

sedimentary rocks to 40 mg/kg in granites to 100 mg/kg in basalts. Anthropogenic sources include 

atmospheric deposition resulting from combustion of fossil fuels, sewage sludges, and to a lesser extent, 

crop amendments. Atmospheric deposition also occurs as the result of volcanic eruptions. Zinc occurs 

in soil in a variety of forms, including free zinc ( +2), as hydroxides (Zn(OH)2), including association 

with iron and aluminum hydroxides, and fractions associated with organic ligands. Zinc is somewhat 

immobile in soil due to precipitation, but its mobility increases rapidly as pH decreases. 

Stability diagrams indicate zinc solubility may be controlled by carbonates or silicates, although 

Neve (1996) points out that precipitation of zinc silicates is very slow in ground water. Below redox 

values of approximately -100 to -150 m V, sulfides will control solubility. Zinc sulfides and silicates are 

both relatively insoluble and will hold the concentration of zinc well below 1 ug/L. The theoretical 

concentration of zinc in equilibrium with carbonate is approximately 2300 ug/L. The HRL for zinc is 

2000 ug/L. The theoretical value is close enough to the HRL to warrant geochemical analysis in 

individual wells. Neve (1996) computed theoretical concentrations in individual wells and observed that 
~ 

73 percent of sampled wells had theoretical concentrations less than the HRL, although the majority of 

these were in the 1000 to 2000 ug/L range. 

Ground Water Monitoring and Assessment Program (GWMAP) Page 83 



Minnesota Pollution Control Agency March 1998 

The overall median concentration for zinc was 15. 7 ug/L, well below the theoretical 

concentration. Ten samples had zinc concentrations of 996 ug/L or greater, with one exceedance of the 

HRL (3224 ug/L). Alkalinity was greater in these ten wells (351000 ug/L) than overall (294000 ug/L). 

In general; however, zinc concentrations in ground water appear to be limited by availability of zinc

bearing minerals, since concentrations are above the theoretical values calculated for silicate- or sulfide

controlled systems, but well below the theoretical concentration for a carbonate-controlled system. 

Ground water in which carbonates control zinc solubility is moderately susceptible to 

contamination with zinc. Concentrations may be held near the HRL. Soil concentrations of zinc in 

equilibrium with Zn(OH)2 range from approximately 15 ug/L at pH 6 to less than·l ug/L at pH 7. 

Zirconium (Zr) 

Little information is available on the occurrence of zirconium in the environment. Zirconium 

may occur as oxides or hydroxides, both in soil and parent rock. Concentrations in rocks and soil can be 

relatively high, exceeding 100 mg/kg. The aqueous form of zirconium is as a hydroxide. Zirconium in 

equilibrium with ZrO2 would have a theoretical concentration exceeding 1000 ug/L at pH 7 .28. 

Zirconium mobility in soil is extremely low and presence of zirconium is often used as an indicator of 

weathering. Zirconium was undetected in most samples at a reporting limit of 0.02 ug/L. Eleven 

samples exceeded 1 ug/L, with a maximum of 5 .8 ug/L. There are no current health criteria for 

zirconium. The occurrence of zirconium in ground water appears to be limited by availability or 

weathering rates of zirconium-bearing minerals. 

3.3. Organics - Volatile Organic Compounds 

Organics in sampled wells were treated as a binomial population in which a VOC was either 

detected or not detected in individual wells. Non-detections were treated as zeroes. 

3.3.1. Descriptive Summaries 

Results for VOCs are summarized in Tables D.117 and D.118 by aquifer and chemical class, 

respectively. There were a total of 162 VOC detections in 109 wells. Twenty wells (2.1 percent) had 

more than one chemical class detected and two wells (0.2 percent) had three chemical classes detected. 

Twenty-five wells (2.6 percent) had more than one compound detected. Many of the greater detection 

frequencies were for aquifers with small sample sizes. However, the overall frequency of detection was 

relatively high for the Cretaceous (24 percent) and Precambrian (21 percent) aquifers. The distribution 

of chemical classes within the Cretaceous was relatively uniform, but there was a greater incidence of 
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detection of chlorofluorocarbons (CFCs) in the Precambrian group. This may reflect atmospheric inputs 

of CFCs. Travel times may be reduced in these aquifers because of fracturing within the bedrock. 

Detection frequencies in the buried and surficial Quaternary aquifer groups were 11 and 13 percent, 

respectively. Distribution of chemical classes within the Quaternary aquifers followed the overall trend 

of detection for VOCs, with trihalomethanes (THMs) being the most commonly detected chemical class, 

followed by nonhalogenated and then halogenated compounds. The overall frequency ofVOC detection 

was 11 percent. 

The occurrence of THMs in a domestic well is often attributed to well disinfection with chlorine. 

However, THMs may form naturally within ground water if there is sufficient chlorine and organic 

carbon present. THMs have been reported .in shallow monitoring wells which had not been disinfected 

and to which no apparent source of the VOCs could be identified (MPCA, 1998b ). 

3.3.2. Factor Analysis 

The non-halogenated aromatic compounds were strongly positively correlated with well 

diameter and tritium, which may suggest relatively young water (Table D.119). However, the presence 

of these VOCs was also positively correlated with calcium, alkalinity, sodium, and potassium. Increased 

concentrations of these chemicals often reflects older water which has undergone dissolution and ion 

exchange. Nonhalogenated aromatic compounds will occur in sensitive hydrologic settings, such as 

shallow surficial aquifers. However, some nonhalogenated VOCs will also be recalcitrant in anaerobic 

ground water and this persistence may account for the correlations with inorganic chemicals which 

indicate older ground water. 

The halogenated aliphatic compounds, including THMs and CFCs, were strongly negatively 

correlated with apparent age of ground water (positive correlations with factors indicating recent water, 

such as tritium, nitrate, and chloride and negative correlations with factors suggesting older waters, such 

as calcium, alkalinity, magnesium, and sodium) and positively correlated with oxidation-reduction 

potential (positive correlation with redox and dissolved oxygen, negative correlation with sulfate and 

manganese) (Tables D.120 through D.122). These compounds should be more prevalent in sensitive 

hydrologic settings and under oxidizing conditions. It may be that redox conditions and hydrologic 

sensitivity are correlated, which masks the importance of either of these two factors. However, it is 

apparent that aquifers sensitive to contamination with inorganic chemicals resulting from activities at the 

land surface are also sensitive to halogenated aliphatic VOCs. 

The ketones (Class 3) showed no strong relationship with any factor (Table D.123). This may be 

partly due to the small number of wells in which these compounds were detected. Ketones, particularly 
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acetone, which accounted for two of the three detections, are common laboratory contaminants and 

laboratory contamination of these samples cannot be dismissed. 

The ether compounds, which include tetrahydrofuran, showed strong positive correlations with 

many chemicals, including manganese, calcium, potassium, sodium, and magnesium (Table D.124). 

These may reflect older, reducing waters. However, the correlations with redox parameters were not 

particularly strong. The mixed results for these compounds may reflect their relatively recalcitrant 

nature and high mobility. 

Well diameter was positively correlated with presence ofVOCs, both overall (p = 0.0076) and 

for many chemical classes. It is unclear if this is due to increased pumping in large capacity wells, which 

may pull shallow ground water deeper into the aquifer, or poor well construction associated with dug 

wells, or both. Additional analysis of these will be conducted in a follow-up report.· 

3.3.3. Health and Risk 

Drinking water criteria (HRLs) for VOCs were exceeded in four wells. A summary of the VOC 

exceedances is provided in Table D.125. VOCs are included in the analysis and discussion presented in 

Section 3.2.3. Individual VOC contributions to hazard indices are not discussed in this report. The 

effect ofVOCs on overall median and 95th percentile hazard indices was negligible, although a few 

individual wells had elevated hazard. indices attributable to the presence of VOCs. 

3.3.4. Geochemical Interpretations for Individual Parameters 

Correlating the presence of individual VOCs with geochemical conditions in ground water is a 

very difficult task. In addition to understanding the chemical data, detailed geologic interpretations may 

be required. These are beyond the scope of this paper and consequently, no additional discussion is 

presented. However, a follow-up report is planned to summarize additional analysis relating presence of 

VOCs in sampled wells to aquifer geochemistry. 
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Part IV: Summary and Examples 

This chapter presents a summary and examples of analysis results. The objectives are to provide 

the reader with general information and recommendations for how to use the baseline information. 

Limitations are discussed and should be considered when applying the baseline information. Examples 

are provided concurrently with the summary. Three comprehensive problems are presented at the end of 

the chapter. 

4.1. Inorganics 

Inorganic chemicals occur naturally in ground water. With adequate sampling, the natural 

distribution of inorganic chemicals in different aquifers can be determined. Detailed information 

regarding analysis methods and analysis results is presented in Parts II and III, respectively. Geographic 

Information System (GIS) coverages and data are available upon request. 

4.1.1. Cheinical Distributions 

A rigorous statistical analysis was conducted to determine the distribution of 52 inorganic 

chemjcal and water quality parameters sampled from Minnesota's principal aquifers and aquifer groups. 

Concentration distributions have been established for selected parameters from these aquifers. The types 

of distribution (normal or log-normal) and descriptive statistics were determined for sampled parameters. 

A description of the principal aquifers and aquifer groups is provided in Table 1. 

Assumptions and Considerations 

The primary assumptions applied during this analysis are summarized below. A number of 

points are included which the reader should consider. Assumptions pertaining to statistical analysis are 

discussed in greater detail in MPCA, 1998a. 

• For aquifers and aquifer groups, data were assumed to come from a single population. 

• Analysis for outliers was not conducted. 

• Non-detections were censored at the highest reporting limit and treated as missing data in the 

analyses. 

• No data were eliminated based on QA/QC criteria. 

• All samples were collected from wells with permanent pumps (primarily domestic wells). 

• Samples were not filtered. 
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• Sampled wells were selected based on aquifer designation. Factors such as screened 

interval, presence of confining layers, or other hydrologic or geologic factors were not 

extensively examined. 

• Information on land use was not considered in this analysis. 

• Data near the minimum and maximum concentrations may appear inconsistent with other 

summary information. This is due to large variability in the distribution of some chemicals. 

• Censored data were analyzed with curve-fitting methods. These are described in Newmann 

et al., 1995. This methodology assumed a log-normal distribution for the parameter of 

interest. 

• -Spatial analysis could not be conducted with the sampling design employed during this 

study. Nevertheless, qualitative and semi-quantitative evaluation of data may suggest spatial 

patterns to the data. Users are encouraged to utilize GIS coverages of the data. 

GWMAP results correlated well with other monitoring studies conducted in Minnesota. 

Additional monitoring information may be found in various United States Geological Survey (USGS) 

hydrologic reports, Minnesota Geological Survey (MGS) and Minnesota Department ofNatural 

Resources (DNR) Atlas and regional assessments, and Minnesota Pollution Control Agency and 

Minnesota Department of Agriculture, 1991. An extensive and formal literature search of existing data 

from Minnesota's principal aquifers was not conducted as part of this study. 

Application of Results - Chemical Distributions 

1. Chemical distributions can be described for the principal aquifers in Minnesota. Summary 

statistics are provided in Tables D.6 through D.44. Summary statistics include the number of 

samples and censored values, type of distribution, mean, median, minimum, maximum, 95th 

percentile, and 95th percent upper confidence limit concentrations (ug/L). 

Example 1 - What are the mean, median, 95th percentile, and 95th percent upper confidence limit 

concentrations of lead, cadmium, nitrate, and iron in the Prairie du Chien (OPDC), Jordan (CJDN), and 

Quaternary water table (QWTA) aquifers? 

Solution - Statistical summaries are illustrated in Tables D.9, D.18, and D.35 for the CJDN, OPDC, and 

QWTA aquifers, respectively. The values are read directly from these tables and are shown in Table 7 

below. 
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Table 7: Summary statistics for Example 1. 

-- Parameter Mean(ug/L) l\1edian ( ug/L) 95th::CJCL 95th Percentile 
.. : (ug/L)' 

<' 

... ., 
''. ·••·· (11g/L) 

' ''. 

Lead 
CJDN 0.46 0.40 4.6 6.4 
OPDC 0.44 0.50 4.8 4.4 

QWTA 0.19 0.18 2.4 3.6 

Cadmium 
CJDN 0.048 0.060 1.0 3.5 
OPDC 0.074 0.075 1.4 2.9 

QWTA 0.029 < 0.020 0.15 0.16 

Nitrate 
CJDN 45 <500 3646 5324 
OPDC 649 <500 9042 10864 

QWTA 310 <500 8348 10400 

Iron 
CJDN 133 246 8977 4750 
OPDC 225 487 458 4028 

QWTA 492 811 16899 9884 

Interpretation - Mean and median concentrations for a particular parameter within an individual aquifer 

should be relatively close. The same should be true for 95th percentile and 95th percent upper 

confidence limit (UCL) concentrations. These comparisons appear reasonable for lead. UCL 

-concentrations for cadmium are about half or less of the 95th percentile concentrations for the CJDN and 

OPDC aquifers. This indicates there are a few relatively large values in the data. Mean and median 

concentrations cannot be compared for nitrate because of the high degree of censoring (non-detections). 

The 95th UCL and 95th percentile concentrations for nitrate are reasonably close to each other. The 

differences between mean and median iron concentrations suggest the log-transformation did not 

adequately describe the distribution of iron. UCL and 95th percentile concentrations also differ widely 

for iron. In the case of the CJDN and QWTA aquifers, the UCL concentration is greater than the 95th 

percentile concentration, suggesting large variability in the data. For the OPDC aquifer, the UCL 

concentration is less than the 95th percentile concentration, reflecting the effect of a few high 

concentrations in individual wells. 

Comments - The data for lead, cadmium, and nitrate appear reasonable. Large variability within 

individual aquifers for iron suggest that more detailed analysis of the data may be warranted. When 95th 

percentile and UCL concentrations vary widely, as with some of the data in this example, the UCL 

concentration is probably more useful for smaller sample sizes (less than about 40). As sample size 
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increases, the UCL and 95th percentile concentrations should become more similar. If they are not 

similar for large sample sizes, the data distribution should be reassessed. 

2. Chemicals with the greatest likelihood of exceeding drinking water criteria have been 

identified for the principal aquifers in Minnesota. A qualitative summary of parameters, by 

aquifer and aquifer group, is provided in Table 8. Three categories were established using Tables 

D.6 through D.44 and assuming that five percent of samples exceeding the drinking criteria 

represents a moderate probability of exceedance. 

• Category 1: The upper 95th percent confidence limit and the 95th percentile concentrations 

were both less than 25 percent of the drinking water criteria. These are considered to be 

chemicais in which the probability of exceeding the drinking criteria is very low. 

• Category 2: The greater of the upper 95th percent confidence limit or the 95th percentile 

concentration was between 25 and 100 percent of the drinking water criteria. These are 

considered to be chemicals in which the probability of exceeding the drinking criteria is low 

to moderate. 

• Category 3: The upper 95th percent confidence limit or the 95th percentile exceeded the 

drinking water criteria. These are considered to be chemicals in which the probability of 

exceeding the drinking criteria is moderate to high. 

The following drinking water criteria were used, in order of priority: Health Risk Limit (HRL), Health 

Based Value (HBV), Maximum Contaminant Level (MCL) and Secondary Maximum Contaminant 

Level (SMCL). NOTE: The HRL and HBV are health-based criteria, while the MCL and SMCL, 

are not strictly health-based. The HRL represents a promulgated value, while MCLs are 

enforceable for public drinking supplies. Drinking water criteria are summarized for individual 

chemicals in Table D.111. The following chemicals or chemical parameters had no drinking water 

criteria at the time of this report: alkalinity (bicarbonate), bismuth, bromide, calcium, cesium, 

potassium, lithium, magnesium, sodium, phosphate, orthophosphate, total phosphorus, specific 

conductance, pH, rubidium, oxidation-reduction potential, total sulfur, silicate, temperature, total 

dissolved solids, total organic carbon, total suspended solids, titanium, and zirconium. There was 

insufficient sample size to calculate summary statistics for many aquifers. Summary statistics could not 

be calculated for many parameters within aquifer groups because mean concentrations of these 

parameters differed between the aquifers comprising the group (see Section 2.2.1). 
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Table 8: Summary of chemicals which fall into one of three analysis categories: the greater of the 
95th percentile or 95 percent upper confidence limit is 1) less than 25 percent of the drinking water 
criteria; 2) 25 to 100 percent of the drinking water criteria; and 3) exceeds the drinking water 
criteria. 

~qµifero~ No~of Cat~goryJ .. ·. ~ateg9fy;;~ CaJ¢gory3 No calculatfo:o··•• .. 

i.AqwferGroup samples I• 

Franconia-Ironton- 5 As, Ba, Cr, Cl, Sr, B,Mn Fe Al, Sb, Be, Cd, 
Galesville (CFIG) SO4, Zn Co, Cu, F, Pb, 

Hg, Mo, Ni, NO3, 
Se, Ag, Sn, Tl, V 

Franconia ( CFRN) 27 Al, Sb, Ba, Cd, Ci, B, As, Be, Pb, Mn, Fe Hg 
Cl, Co, Cu, F, Ni, NO3, Tl, V 
Mo, SO4, Sr, Ag, 

Se,Sn,Zn 
Ironton-Galesville 8 Al, Sb, As, Ba, Cd, Be, B, Mn~ SO4, Tl Fe Hg, Mo, NO3 

(CIGL) Cr, Cl, Co, Cu, F, 
Pb, Ni, Sr, Ag, Se, 

Sn, V, Zn 
Jordan ( CJDN) 31 Al, Sb, As, Ba, Cr, Be, B, Cd, Pb, Mn, Fe F,Hg 

Cl, Co, Cu, Mo, NO3, Tl 
Ni, Se, Ag, Sr, 
SO4, Sn, V, Zn 

Mount Simon- 10 Al, Sb, As, Ba, Cd, B, Mn, Mo, NO3, V Be, Fe Hg, Tl 
Hinckley ( CMSH) Cr, Cl, Co, Cu, F, 

Pb, Ni, Se, Ag, Sr, 
SO4, Sn, Zn 

Mount Simon 13 Sb, As, Ba, B, Cd, Be, NO3 Al, Fe Cl, Hg, Mo, Ni 
(CMTS) Cr, Co, Cu, F, Pb, 

Mn, Se, Ag, Sr, 
SO4, Tl, Sn, V, Zn 

St. Lawrence- 4 insufficient sample - - -
Franconia (CSLF) size 

St. Lawrence 4 insufficient sample - - -
(CSTL) size 

Cedar Valley 10 Al, Sb, Ba, Cr, Cl, As, Be, B, Mn, Cd, Fe Sn, NO3 
(DCVA) Co, Cu, F, Pb, Hg, 

Mo, Ni, Se, Ag, 
Na, Sr, SO4, Tl, V, 

Zn 
Cretaceous 39 . Sb, As, Ba, Cd, Cr, Cl, Pb, Be, Mn, Mo, F, Fe, B, Al, Sn 

(KRET) Co, Cu, Hg, Ag Ni, Se, Sr, Tl, V, Zn NO3, SO4, 
Galena (OGAL) 22 Al, Sb, Ba, Cr, Co, As, B, Be, Cd, Cl, Fe, NO3 Sn,Hg 

Cu, F, Mo, Ni, Se, Pb, Mn, SO4, V 
Ag, Sr, Tl, Zn 

Maquoketa 1 insufficient sample - - -
(OMAQ) size 
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'.••· .. Aqµj~eror<:··•. :Nlk9f \0: •r·· •• 
. J 1 ...•.. 

... , .... ~ .... ... ·.• ··:2 . > 
:.,:gitte'.grt•;f:··· :N()•~~l~ulation·• 

1:::+ ··.• ... ·•"--!'":-J 

{; Aq~ifer:Gfo11p C • s~njpJ~: I
::::··' · .. ·.. ;•;'\ 

•••. ; <,;:< \ ... , . : ·,,:,j\ ,• .... '.•:: ; .<l ··••: ··•:• •• ': ••• ·• ..... ,.,:; 
Prairie du Chien 36 Sb, As, Ba, Cr, Co, Al, Be, B, Cd, Cl, F, Fe, N03 -

(OPDC)· Cu, Hg, Mo, Ni, Pb, Mn, Tl, Zn 
Se, Ag, Sr, S04, 

Sn, V 
Platteville (OPVL) 3 insufficient sample - - -

size 
St. Peter-Prairie du 2 insufficient sample - - -

Chien ( OSPC) size 
St. Peter (OSTP) 23 Al, Sb, As, Ba, Cr, Be, B, Mn, Mo, Cd,Fe Hg, Sn 

Cl, Co, Cu, F, Pb, N03, V 
Ni, Se, Ag, Sr, 

S04, Tl, Zn 
Precambrian 26 Sb, Cd, Cl, Cr, Co, Ba, Pb, Mn, Se, Sr, Al, As, Be, Hg 
crystalline Cu, Ni, Ag, Tl, Sn V,Zn B, F, Fe, Mo, 

formations (PCCR) N03, S04 
Undifferentiated 3 insufficient sample - - -

Precambrian size 
formations 

(PCUU) 
Biwabik Iron 1 insufficient sample - - -

Formation (PEBI) size 
Duluth Complex 1 insufficient sample - - -

(PMDC) size 
Mount Simon- 2 insufficient sample - - -

Fond du size 
Lac(PMFL) 

Mount Simon- 3 insufficient sample - - -
Hinckley (PMHN) size 

North Shore 17 Sb, As, Ba, Cd, Cr, F, Mo, Ni, Se, V Al, Be, B, Fe Hg,Pb 
Volcanics (PMNS) Cl, Co, Cu, Mn, 

N03, Ag, Sr, S04, 
Tl, Sn, Zn 

Sioux Quartzite 4 insufficient sample - - -
(PMSX) size 

Undifferentiated 23 Sb, As, Ba, Cd, Cr, B, F, Pb, Mn, Mo, Al, Be, Cl, Hg 
Proterozoic Co, Cu, Ni, Ag, Sr, N03, V Fe,Se 

Metasedimentary S04, Tl, Sn, Zn 
Units (PMUD) 

Quaternary buried 387 Ba, Cd, Cl, Cr, Co, Al, Be, F, Mn, Mo, Sb, As, B, -
artesian (QBAA) Cu, Pb, Hg, Ni, Se, Sr, V Fe, S04 

N03, Ag, Tl, Sn, 
Zn 

Quaternary 104 Sb, Ba, Cd, Cr, Cl, Al, As, Be, B, F, Fe, N03 -
undifferentiated Co, Cu, Pb, Hg, Ni, Mn, Mo, Se, S04, V 
artesian (QBUA) Ag, Sr, Tl, Sn, Zn 
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< Aquifer:<>r No~of CategorYl :: Category2 Category3 NQ calcubtt,fon. 
·Aqui(erGroup • samples ··•·· ••• 

. 

Quaternary buried 22 Sb, Ba, Cd, Co, Cr, Cl, Pb, Mn, NO3, Al, As, Be, Sn,Hg 
undifferentiated Cu, F, Ni, Ag, Tl, Mo, Se, Sr, V B, Fe, SO4 

(QBUU) Zn 
Quaternary 4 insufficient sample - - -
unconfined size 

undifferentiated 
(QUUU) 

Quaternary water 119 Sb, As, Ba, B, Cd, Be, Cl, F, Mn, Se, Al, Fe, NO3 -
table (QWTA) Cr, Co, Cu, Pb, Hg, V 

Mo, Ni, Ag, Sr, 
SO4, Tl, Sn, Zn 

Cambrian ( Cxxx) 102 Sb, As, Ba, Cd, Cr, Al, Be, B, F, NO3, Fe Pb, Mn, Sr, Tl, Zn 
Cl, Co, Cu, Hg, SO4 
Mo, Ni, Se, Ag, 

Sn, V 
Ordovician (Oxxx) 87 Al, Cl, Co, Cu, Be, B, F, Pb, Mn, Sb, As, Ba, Cd, 

Mo, Ni, Se, Sr, NO3, Tl, V Cr, Fe, Hg, Ag 
SO4, Sn, Zn 

Precambrian 80 Sb, As, Cd, Cr, Co, F, Pb, Mn, Mo, Ni, Be,Fe Al, Ba, B, Cl, Hg 
(Pxxx) Cu, Ag, Tl, Sn, Zn NO3, Se, V Sr, SO4 

buried Quaternary 513 Ba, Cu, Pb, Hg, Sn Al, Mn, V Sb, As, Be, B, Cd, 
(QBxx) Cr, Cl, Co, F, Fe, 

Mo, Ni, NO3, Ag, 
Se, Sr, SO4, Tl, 

Zn 
surficial 123 As, B, Cr, Co, Cu, Be, Cl, Mn, Se Al, Fe Sb, Ba, Cd, F, 

Quaternary Pb, Hg, Ag, Tl, Sn, Mo, Ni, NO3, Sr, 
(QUUUand Zn SO4, V 

QWTA) 
St. Peter-Prairie du 90 Al, As, Cu, Hg, Be, Mn, Pb, NO3, Cd, Fe Sb, Ba, B, Cr, Cl, 

Chien-Jordan Mo, Ni, Se, Ag, Tl, Zn Co, F, Sr, SO4 
(CJDN, OSTP, Sn, V 
OSPC, OPDC) 

Franconia-Ironton- 40 Sb, As, Ba, Cr, Cl, Al, Be, B, Cd, F, Fe Hg 
Galesville (CFIG, Co, Cu, Pb, Mo, Mn, NO3, Se, Tl, Zn 

CFRN, CIGL) Ni, Ag, Sr, SO4, 
Sn, V 

Mount Simon- 26 Sb, As, Ba, Cd, Cr, Al, Be, B, Cl, F, Fe Hg 
Hinckley (CMTS, Co, Cu, Pb, Mo, Mn, NO3, V 
CMSH,PMHN) Ni, Se, Ag, Sr, 

SO4, Tl, Sn, Zn 
Upper Carbonate 36 Al, Sb, Ba, Cr, Cu, As, B, SO4, V - Be, Cd, Cl, Co, 
(OGAL, OMAQ, Pb, Mo, Ni, Se, Sr, Fe, F, Hg, Mn, 
OPVL,DCVA) Tl,Zn NO3, Ag, Sn 
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Example 2 - In which aquifers is there a five percent or greater chance that the drinking water criteria 

will be exceeded for nitrate? for cadmium? 

Solution - Reading directly from Table 8, five percent or more wells, randomly selected, would exceed 

the HRL for nitrate in the Quaternary water table, Quaternary buried unconfined, Precambrian 

crystalline, Prairie du Chien, Galena, and Cretaceous aquifers. Five percent or more of randomly 

selected wells would exceed the HRL for cadmium in the Cedar Valley, St. Peter, and St. Peter-Prairie du 

Chien-Jordan aquifers. 

Interpretation - If 100 wells were randomly sampled in the Prairie du Chien aquifer, five or more 

percent of these wells would exceed the HRL for nitrate. Exact probabilities can be calculated using the 

baseline data and a statistical software package. 

Comments - All drinking water criteria are used and no distinction is made among health-based 

criteria, MCLs (which are enforceable for public drinking supplies), and non-enforceable criteria 

(see Table D.111 for individual drinking water criteria). 

3. Percentile concentrations can be determined for chemicals in Minnesota's principal aquifers. 

Percentiles are nonparametric descriptive statistics for an aquifer. They provide an indication of the 

data spread based strictly on the sampled wells. They do not allow for predicting probabilities. If 

the true distribution is well described by the sampled wells, use of percentiles is a quick way of 

describing the distribution of a population. 

Example 3. What are 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentile concentrations of barium and 

calcium in the Prairie du Chien aquifer? 

Solution. To make these calculations, the baseline data were used in a statistical software package. The 

percentiles were specified and the resulting output is summarized graphically in Figure 2 below. The 

baseline data are available on request. The data can be delivered in either spreadsheet or database 

format. 
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Figure 2: Distribution of barium and calcium in the Prairie du Chien aquifer (OPDC). Barium 
concentrations are in ug/L and calcium in mg/L. 
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Interpretation. An illustration such as Figure 2 can be used to represent the distribution of data at 

certain percentiles. For example, concentrations of 100 and 96000 ug/L lie at the 75th percentile for 

barium and calcium, respectively, in the Prairie du Chien aquifer. If 100 wells were randomly selected 

from the Prairie du Chien aquifer, 25 percent of these sampled wells would be expected to exceed 

concentrations of 100 and 96000 ug/L for barium and calcium, respectively, assuming the distributions 

shown in Figure 2 are an accurate estimator of the true distribution. The log-normal and normal 

distributions are apparent for Ba and Ca, respectively. 

Comments. Use of percentiles gives concentrations at user-specified percentiles. Interpolating 

concentrations between these percentiles is inexact and may lead to significant errors if the underlying 

distribution of data is not well understood. It is best not to interpolate between percentiles but rather 

make the desired calculation in a statistical software package. 

4. The probability of having a particular chemical concentration in a well can be determined for 

Minnesota's principal aquifers. If data can be fit to a normal or log-normal distribution, the 

probability of having a particular concentration can be quantified. Two equations can be utilized to 
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estimate the probability of having a particular concentration or to determine the concentration at a 

particular probability, a: 

[17] 

C = exp( a + bza.) [18] 

where C is the concentration (ug/L), µ is the mean concentration (ug/L), cr is the standard deviation, n is 

the sample size, a and b are regression coefficients (see Part III, Section 3 .2.1 ), and t and z are 

coefficients associated with a particular probability a. Equation 17 is applied for normal and log-normal 

distributions and Equation 18 is applied to log-censored data. Log-censored data are data which could be 

fit to a log-normal distribution but in which there were values below the reporting limit. Means(µ) and 

types of distribution are illustrated in Tables D.6 through D.44, values for n and cr are contained in Table 

D.45, values for a and bare shown in Table D.46, and values fort and z are illustrated in Tables 3 and 5 

or can be found in standard statistical texts. NOTE: Calculating distributions, percentiles, or 

probabilities makes no distinction between natural and anthropogenic sources for a chemical in 

ground water. Because of the nature of the sample design, most of the samples collected will 

represent natural conditions. Consequently, statistical parameters which represent central 

tendencies, such as the mean, median, and quartiles, are likely to represent natural concentrations, 

while statistical parameters which represent variability and extremes in the data, such as the 

standard deviation and upper confidence limits, may reflect either natural variability or human 

effects. 

In many cases, it will be more desirable to apply data which were collected for a particular 

location, such as a county, region, or watershed. The baseline data can be queried to achieve the subset 

of data desired for a particular application. This can be accomplished by requesting GWMAP to do the 

querying and associated analysis or by requesting the baseline data. 

Example 4. Calculate the upper bound concentrations of nitrate and chloride which will occur in 90, 95, 

and 99 percent of a randomly selected set of wells completed in the Quaternary water table aquifer 

(QWTA). 

Solution. We are interested in the upper bounds of these data. The probabilities (a) for 90, 95, and 99 

percent of the data correspond with probabilities of 0.10, 0.05, and 0.01, respectively. However, these 
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probabilities include data above and below a certain confidence level. For example, at a probability of 

0.10 or ten percent, five percent of the data will be below some value and five percent will be above 

some value, with the 90 percent occurring between these two points. When we want the upper bound we 

are interested in a probability of a/2. We therefore want t values for (a/2) which corresponds with the t 

values at 0.10/2, 0.05/2, and 0.01/2 or 0.05, 0.025, and 0.005, respectively. From Table 3 (Section 2.2.1), 

the t values are 1.67, 2.00, and 2.66, respectively. Table D.35 indicates that the distribution for chloride 

was log-normal and the mean was 5102 ug/L or 3.708 ug/L after transformation. From Table D.45 the 

standard deviation (cr) and sample size (n) were 0.71 and 119, respectively. These values are inserted 

into Equation 17 for each different value oft. The results are then transformed back. The resulting 

concentrations are 6561, 6887, and 7586 ug/L at the 90, 95, and 99 percent probability levels, 

respectively. Nitrate followed a log-censored distribution (see Table D.35) and Equation 18 is used. 

Values for a and bare taken from Table D.46 for QWTA aquifers and are 5.737 and 2.058, respectively. 

Values for z from Table 5 are 1.65, 1.95, and 2.6 for the 90, 95, and 99 percent levels, respectively. 

Inserting these values into Equation 18 gives concentrations of 11304, 17262, and 45842 ug/L at the 90, 

95, and 99 percent probability levels, respectively. 

Interpretation. If200 wells were randomly sampled from the QWTA aquifer, 199 wells (99.5 percent) 

would be expected to have chloride concentrations less than 7311 ug/L. To reiterate, we were looking at 

just an upper bound, so a 99 percent confidence interval and an upper bound of the 99 percent 

distribution are not the same. In this data, there would be one well (0.5 percent) which would have a low 

concentration which is equally as far from the mean concentration as 7311 ug/L was above the mean 

value. The standard deviation for chloride was relatively small compared to the mean and there is not 

much spread to the data, even at the 99 percent level. For nitrate, 99.5 percent of randomly sampled 

wells would be expected to have nitrate concentrations less than 45842 ug/L. This is well above the 

HRL of 10000 ug/L and the large spread in the nitrate concentrations is evident. This is not surprising, 

considering the sensitivity of QWTA aquifers to nitrate contamination and the likelihood that many wells 

completed in these aquifers will have elevated nitrate concentrations. 

Comment - Note the values fort and z were essentially equal. This is true for larger sample sizes. 

Equation 17 indicates that the concentration at a particular probability may change considerably as 

sample size changes. When designing a monitoring program in which these types of statistical analysis 

will be used, the effects of sample size should be considered. 
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Example 5 - The concentration of chloride and nitrate in a well were 4792 and 891 ug/L, respectively. 

What percent of randomly selected wells from this aquifer will have concentrations greater than the 

concentrations observed in this well? 

Solution - Equations 17 and 18 need to be rearranged to solve for t and z, since these values are 

associated with probabilities: 

[19] 

Za. = (ln(C) - a)/b [20]. 

Equations 19 and 20 are solved fort and z. All other values remain the same as in Example 3, except for 

C. C is log transformed for chloride, and the calculated value oft is -0.422. The corresponding 

probability is a,/2 = 0.33/2 = 0.165. However, the concentration of 4792 ug/L is below the mean, as 

indicated by the negative value fort. We therefore need to add 0.50 to it to account for the 50 percent of 

the wells that will exceed the mean. The resulting probability of exceeding a concentration of 4 792 ug/L 

chloride in a randomly selected well is therefore (0.50 + 0.165) or 66.5 percent. This means if 100 wells 

were randomly sampled from this aquifer, 66.5 would have a concentration greater than 4792 ug/L. 

Considering the nitrate concentration, inserting values for C, a, and b for nitrate, z is equal to 0.512. The 

corresponding probability, from Table 3, is a/2 or about 0.30/2 or 0.15. If 100 wells were randomly 

sampled from this aquifer, about 15 percent of the wells would be expected to have concentrations 

greater than 891 ug/L. 

Comments - Another way of looking at probabilities is to consider a probability as representing the 

likelihood that the observed concentration equals the mean concentration. Consequently, a probability of 

0.10 means there is a ten percent chance that the concentration in a well equals the overall mean 

concentration for that aquifer. This concept primarily applies to a population of wells, however. For 

example, in the above problem, if 100 wells were sampled and the mean concentration of nitrate was 891 

ug/L, then there is a ten percent chance that the mean for this population equals the mean from the 

baseline data. For an individual well which we are comparing to the baseline data, a probability of 0.10 

means we would expect 90 percent of other sampled wells to have concentrations less than the 

concentration in this well. If we want the percentage of wells which are a certain distance from the 

mean, then we would consider a two-tailed analysis because we would also want the low values. 
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4.1.2. Factor Analysis 

A rigorous statistical analysis was conducted for several factors which may potentially affect the 

concentrations and distribution of chemicals in ground water. Hypothesis tests and correlation tests were 

conducted using nonparametric procedures. Hypothesis tests were conducted for each of the following 

factors: 

• aquifer; 

• age-based aquifer group; 

• hydrology-based aquifer group; 

• well diameter; 

• presence or absence ofVOCs; 

• • presence or absence of tritium; 

• sampling year; and 

• sampling month. 

In all cases the null hypothesis was that concentrations did not differ between the treatments or groups 

within each factor. Examples of treatments or groups are the individual years within the factor 

"sampling year." The null hypothesis, in this case, states that concentrations did not differ between 

different sampling years. Output from hypothesis tests include the probability that the null hypothesis is 

true and information on the variability in the data, which can then be used to determine which treatments 

within a factor differ. Examples are provided below. 

Correlation analysis was conducted between chemical concentration and the following factors: 

• well depth; 

• static water elevation; 

• UTM-east coordinate; 

• UTM-north coordinate; 

• dissolved oxygen concentration; 

• total iron concentration; 

• total manganese concentration; and 

• redox potential. 

Correlations were conducted for all chemical parameters. The null hypothesis in all cases was that 

values for the factor were not correlated with chemical concentration. Output data for correlation 

analysis includes the probability that the null hypothesis is true and the correlation coefficient, which 

quantifies the amount of variability accounted for by the correlation. Examples are provided below. 
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Assumptions and Considerations 

The primary assumptions applied during this analysis are summarized below. In addition, there 

are a number of points the reader should consider. 

• Any assumption in Section 4.1.1 (Chemical Distributions) which applies to factor analysis is 

valid for factor analysis. 

• Many aquifers had very small sample sizes. Sample size does not hamper the applicability 

of the various tests, but additional tests comparing individual treatments are strongly 

influenced by sample size, in particular the Least Significant Difference test. Aquifers with 

small sizes which appear to have very low or high concentrations for a particular chemical 

should be viewed with caution. 

• The correlation analysis conducted for this study utilizes a nonparametric procedure, which 

involves comparison of ranks instead of concentrations. Consequently, the results can be 

used to predict the tendency for lower or higher concentrations of a chemical in response to 

the factor being considered. The results cannot be used to predict a concentration as the 

factor changes. · 

• Presence or absence of a VOC was used in a hypothesis test. The absence (non-detection) of 

a VOC in a well does not mean VOC(s) were not present, since the VOC(s) may be present 

at a concentration below the reporting limit or may be a VOC not included in the MDH 465 

list. 

Application o{Results - Factor Tests 

1. There were significant differences between individual aquifers in concentrations of all sampled 

parameters except tin. The p-values of most hypothesis tests were less than 0.01. This means the 

probability that the null hypothesis was true is less than 0.01, significantly less in most cases. Most 

statistical procedures utilize a value of 0.05 to identify factors where there are significant differences 

between treatments. p .. values for all chemicals are illustrated in Table D.47. Included in Table D.47 

·are ranks and the Least Significant Difference (LSD). Application of the LSD is illustrated in 

examples 15 and 16. 
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Example 6 - What are the probabilities that median concentrations of tin, vanadium, nickel, and 

cadmium are equal in all aquifers? For which chemicals would you assume the concentrations differ 

between aquifers? 

Solution. The probabilities that median concentrations of tin, vanadium, nickel, and cadmium are equal 

in all aquifers are taken directly from Table D.47. and are 0.569, 0.049, 0.001, and less than 0.001, 

respectively. 

Interpretation. We conclude that median concentrations of tin are equal in all aquifers and that median 

concentrations of nickel and cadmium are different. The value of 0.049 for vanadium may be 

sufficiently low to establish significant differences for some ground water managers or programs but not 

for others. 

Comment. The level at which significant differences are considered to occur is subjective. Most people 

use a value of 0.05, but when a high degree of assurance is desired, a value of 0.01 may be used. 

Similarly, if less assurance is required, a value of 0.10 may be used. In some cases, the goal may simply 

be to quantify the probability without using this value for making decisions. 

---------------- ----------------

2. There were significant differences between age-based aquifer groups in concentrations of all 

sampled parameters except dissolved oxygen and tin. P-values for all chemicals are illustrated in 

Table D.48. Included in Table D.48 are ranks and the Least Significant Difference (LSD). 

Application of the LSD is illustrated in examples 15 and 16. 

-------------------------------------------------------------------------
Example 7 - What are the probabilities that median concentrations of tin, vanadium, nickel, and 

cadmium are equal in all age-based aquifer groups? For which chemicals would you assume the 

concentrations differ between aquifers? 

Solution. The probabilities that median concentrations of tin, vanadium, nickel, and cadmium are equal 

in all aquifer groups are taken directly from Table D.48 and are 0.171, 0.043, 0.010, and less than 0.001, 

respectively. 
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Interpretation. We conclude that median concentrations oftin are equal in all aquifer groups and that 

median concentrations of nickel and cadmium are different. The value of0.043 for vanadium may be 

sufficiently low to establish significant differences for some ground water managers or programs but not 

for others. 

Comment. See comment in example 6. 

3. There were significant differences between hydrology-based aquifer groups in concentrations 

.of many sampled parameters. The number of significant differences in chemical concentrations 

were fewer and p-values were greater than for age-based aquifer groups. P-values for all chemicals 

are illustrated in Table D.49 for hydrolo·gy-based aquifer groups Included in Table D.49 are ranks 

and the Least Significant Difference (LSD). Application of the LSD is illustrated in examples 15 

and 16. 

Example 8 - What are the probabilities that median concentrations of tin, vanadium, nickel, and 

cadmium are equal in all hydrology-based aquifer groups? For which chemicals would you assume the 

concentrations differ between aquifers? 

Solution. The probabilities that median concentrations of tin, vanadium, nickel, and cadmium are equal 

in all aquifers are taken directly from Table D.49. and are 0.147, 0.648, 0.015, and less than 0.001, 

respectively. 

Interpretation. We conclude that median concentrations of tin and vanadium are equal in all aquifers 

and that median concentrations of nickel and cadmium are different. 

Comment. Chemical concentrations, in general, are more similar within the hydrology-based groups 

than within age-based groups. One reason for this is that the geology within the hydrology-based groups 

is more uniform than within the age-based groups. Comparing ground water in equilibrium with 

different geologic materials will reflect the differences in these parent materials. 
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4. Median concentrations of most chemical parameters differed between wells with different 

diameters. Results for all wells combined are illustrated in Table D.50, for age-based aquifer groups 

in Tables D.51 through D.57, and for hydrology-based aquifer groups in Tables D.58 through D.61. 

In general, the number of significant differences were fewer for aquifer groups than for all groups 

combined. Part of this is due to smaller sample sizes within the aquifer groups. Large diameter 

wells (greater then eight inches in diameter) may impact water chemistry in two ways. First, 

municipal wells are typically large diameter wells which pump large quantities of water across a 

large screened interval. This mixes water from different vertical positions in an aquifer. Second, 

large diameter domestic wells are often dug wells. Water from the unsaturated zone and upper 

portions of an aquifer may contribute to the water pumped from these wells, since these wells often 

leak along joints in the casing. This may account for the greater concentrations of chemicals which 

are likely to be greater in concentration in the soil solution than in ground water, including 

vanadium, antimony, molybdenum, nitrate, nickel, dissolved oxygen, and chloride. 

-------------------------------------------------------------------------------
Example 9 .: What are the probabilities that median concentrations of tin, vanadium, nickel, and 

cadmium are equal in wells with different well diameters? For which chemicals would you assume the 

concentrations differ between diameter classes? 

Solution. The probabilities that median concentrations of tin, vanadium, nickel, and cadmium are equal 

in all wells, regardless of well diameter, are taken directly from Table D.50. and are 0.372, 0.003, 0.001, 

and less than 0.001, respectively. 

Interpretation. We conclude that median concentrations of tin are probably equal in all wells, 

regardless of well diameter, and that median concentrations of vanadium, nickel, and cadmium are 

probably different. Chemicals which are more prevalent in the unsaturated zone or in near-surface 

ground water are more likely to be affected by larger well diameters. Tin does not appear to show 

vertical variability in ground water or between the unsaturated zone and ground water. Nickel and 

vanadium are potentially mobile in the unsaturated zone and their concentrations appear to be elevated in 

larger diameter wells, perhaps reflecting inputs from the unsaturated zone. Cadmium is relatively 

immobile in soil and concentrations appear to be lower in larger diameter wells compared to smaller 

diameter wells. 
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Comment. Actual differences between individual well diameter groups were not calculated in this 

example and the above interpretations are subjective. Identifying actual differences between treatments 

will be illustrated in Examples 15 and 16. 

5. Median concentrations of some chemical parameters differed between wells containing a 

detected VOC and wells with no detected VOCs. Aluminum, cesium, chloride, copper, dissolved 

oxygen, lead, nitrate, and redox potential were greater in wells containing a detected voe. 

Alkalinity and barium concentrations were greater in wells not containing a detected voe. Results 

are illustrated in Table D.62. A summary of significant differences by aquifer group is illustrated in 

Table D.63. The presence ofVOes may reflect relatively recent water. This may account for the 

results for cesium, chloride, dissolved oxygen, nitrate, and redox potential. Reasons for the 

association with aluminum, copper, and lead are not clear, unless the presence of these chemicals is 

directly related to the presence of the VOC(s). 

6. Median concentrations of some chemical parameters differed between wells containing 

detectable tritium and wells with no detectable tritium. Aluminum, chloride, chromium, 

dissolved oxygen, nitrate, silicate, and thallium concentrations were greater in wells containing 

detectable tritium. Alkalinity, boron, iron, magnesium, manganese, molybdenum, potassium, 

strontium, phosphate, and total suspended solid concentrations were less in wells which did not 

contain detectable tritium. Presence of tritium reflects water which is post-1953 in age. Tritium is 

therefore a useful indicator of recent water. However, tritium was only sampled in wells which were 

considered to potentially be hydrologically sensitive. The most interesting results are for nitrate, 

dissolved oxygen, chromium, iron, and manganese. These parameters are all strongly related to 

redox potential and indicate that tritium may be a useful indicator of redox conditions within ground 

water. This has implications for the mobility, persistence, and toxicity of many chemicals. Results 

are illustrated in Table D.64 for all wells combined. Significant results (p less than 0.05) are 

illustrated in Table D.65 for-aquifer groups. 

7. Median concentrations of some chemical parameters within the same aquifer group differed 

between wells sampled in different years. In a true random design, differences in concentration 

would not be expected between different sampling years. The observed differences may be due to 

several factors: 
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• effects of weather, primarily as it relates to recharge; 

• differences in sampling methods; 

• differences in laboratory analysis methods; 

• physical factors such as geology; and 

• random chance. 

The effect of these factors was not explored in this analysis. Differences in concentration between 

sampling years are undesirable because they add variability to the data which was not accounted for 

in the hypothesis tests and correlation analysis. Reasons for the yearly differences will be addressed 

in subsequent analyses. Differences in physical factors, such as geology, are an important 

consideration when comparing aquifer groups. For example, ifwe are comparing concentrations of a 

chemical in Cambrian wells between different years, but most of the samples were from the Jordan 

aquifer in one year and from the Mt. Simon in another year, apparent differences in concentration 

may be d~e to differences between these two aquifers rather than differences attributable to sampling 

year. Ideally, the effect of sampling year would be conducted for individual aquifers, because 

differences in geology can be eliminated as a confounding factor. Applications to individual aquifers 

are illustrated in Examples 10 and 11. 

--------------------------------------------------------------- ---------------------
Example 10 - What are the probabilities that median concentrations oftin, vanadium, nickel, and 

cadmium were equal in wells sampled from the Jordan aquifer in different years? For which chemicals 

would you assume the concentrations differ between months? 

Solution. The Jordan is a Cambrian aquifer. The probabilities that median concentrations of tin, 

vanadium, nickel, and cadmium are equal in all wells, regardless of sampling year, are taken directly 

from Table D.66 and are 0.616, 0.002, 0.009, and 0.005, respectively. 

Interpretation. We conclude that median concentrations of tin are equal in all wells, regardless of 

sampling year, and that median concentrations of vanadium, nickel, and cadmium are different. 

Comment. Since the number of samples collected from the Jordan aquifer was relatively large (31 

samples), we could conduct year-to-year comparisons for just the Jordan aquifer. This analysis was 

conducted and the resulting probabilities for vanadium, nickel, and cadmium were 0.283, 0.445, and 

0.979, respectively. Tin was only sampled in 1996. These results indicate that differences in 
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concentrations of these parameters by sampling year are related to differences in concentrations of these 

chemicals between the individual aquifers comprising the Cambrian group. This is a desirable result 

because the confounding effects of sampling year are eliminated when looking only at the Jordan aquifer. 

8. Median concentrations of some chemical parameters within the same aquifer group differed 

between wells sampled in different months. In a true random design, differences in concentration 

would not be expected between different sampling months. The observed differences may be due to 

the same factors which led to yearly differences. Differences in concentration between sampling 

months are undesirable because they add variability to the data which was not accounted for in the 

hypothesis tests and correlation analysis. Reasons for the monthly differences will be addressed in 

subsequent analyses. 

-------------------------------------------------------------------------------------------------------
Example 11 - What are the probabilities that median concentrations of tin, vanadium, nickel, and 

cadmium were equal in wells sampled from the Jordan aquifer in different months? For which chemicals 

would you assume the concentrations differ between months? 

Solution. The Jordan is a Cambrian aquifer. The probabilities that median concentrations oftin, 

vanadium, nickel, and cadmium are equal in all wells, regardless of sampling month, are taken directly 

from Table D.77 and are 0.026, 0.017, 0.218, and 0.002, respectively. 

Interpretation. We conclude that median concentrations of nickel are equal in all wells, regardless of 

sampling month, and that median concentrations of tin, vanadium, and cadmium are different. 

Comment. Since the number of samples collected from the Jordan aquifer was relatively large (31 

samples), we could conduct month-to-month comparisons for just the Jordan aquifer. This analysis was 

conducted and the resulting probabilities for tin, vanadium, nickel, and cadmium were 0.613, 0.035, 

0.330, and 0.609, respectively. These results indicate that differences in concentrations oftin, nickel, 

and cadmium by sampling month are related to differences in concentrations of these chemicals between 

the individual aquifers comprising the Cambrian group. Vanadium concentrations; however, did differ 

by month. This result is interesting, since vanadium is a relatively mobile chemical in soil. An 
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interesting test at this point would be to determine which months or seasons had the greatest 

concentrations of vanadium and then attempt to correlate this with ground water recharge. 

March 1998 

9. Concentrations of many chemical parameters were correlated with well depth and static water 

level. Results for correlation tests are summarized in Tables D.88 through D.94 for age-based 

aquifer groups and Tables D.95 through D.98 for hydrology-based aquifer groups. Negative 

correlations indicate the concentration for a chemical parameter decreases with depth or with static 

water level, while positive correlations reflect an increase in concentration with depth. The results 

vary widely between aquifer groups, both in the number of significant correlations, the parameters 

for which there are significant correlations, and in some cases the sign ( + or -) of the correlation. 

The most consistent correlations were with nitrate (-), dissolved oxygen (-), tritium (-), iron ( + ), and 

boron(+). When these chemicals are present in sufficient amounts to be quantified, they are good 

indicators of depth-related processes within an aquifer. 

-----·--- ---------------------------
Example 12. What are the probabilities that concentrations of tin, vanadium, nickel, and cadmium were 

correlated with well depth in the Jordan aquifer? For those chemicals in which significant correlations 

were observed, what percentage of the variability in the concentration is not accounted for by the 

correlation? 

Solution. The Jordan is a Cambrian aquifer. The probabilities that concentrations ohin, vanadium, 

nickel, and cadmium are correlated with well depth are taken directly from Table D.88 and are 0.021, 

0.423, 0.753, and 0.139, respectively. 

Interpretation. We conclude that concentrations of vanadium, nickel, and cadmium are not correlated 

with well depth, whereas concentrations of tin are correlated with well depth. The correlation coefficient 

for tin is -0.347. This means concentrations of tin decrease with increasing well depth and that 34.7 

percent of the variability in tin concentration is explained by the relationship with well depth. This 

means 65.3 percent of the variability in tin concentrations is due to some other factor(s). 

Comment. Since the number of samples collected from the Jordan aquifer was relatively large (31 

samples), we could conduct this analysis for just the Jordan aquifer. This analysis was conducted and the 
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resulting p-values for tin, vanadium, nickel, and cadmium were 0.904, 0.865, 0.170, and 0.241, 

respectively. We would conclude that none of these parameters is correlated with well depth. 

10. Concentrations of most chemical parameters were correlated with UTM-east and UTM-north 

location within age-based aquifer groups, and concentrations of many parameters were 

correlated with UTM coordinates within hydrology-based groups. UTM coordinates increase 

from west to east and from south to north. Negative correlations reflect an increase in concentration 

from east to west or an increase in concentration from north to south. Most of the significant 

correlations were negative. There were more significant correlations and stronger correlations for 

UTM-east coordinate compared to UTM-north coordinate. The following general factors may 

contribute to the results: 

• glacial till~ change in chemistry, primarily from east to west; 

• thickness of glacial cover increases from east to west and north to south; 

• recharge decreases from east to west and from north to south; and 

• temperature of ground water decreases from south to north. 

Because of these factors, there is a tendency for increased residence time, greater dissolution and ion 

exchange, reduced rates of weathering, and less dilution of ground water from east to west and from 

north to south. Effects of human activity, particularly in the Twin Cities Metro area and from 

agriculture, cannot be discounted but were not considered in this analysis. The major cations and 

anions and boron were the most highly correlated parameters with UTM-east and always increased in 

concentration from east to west. The correlations differed somewhat for UTM-north, reflecting the 

effect of source material to a greater extent than UTM-east coordinate. For some aquifers, trace 

metals such as silver, cobalt, titanium, and cadmium had the highest correlation coefficients with 

UTM-north coordinate. Another example is orthophosphate, which was the most highly correlated 

parameter for the surficial Quaternary group, probably reflecting the impact of incr~asing agriculture 

to the south. 

Example 13. What are the probabilities that concentrations of tin, vanadium, n_ickel, and cadmium were 

correlated with UTM-east and UTM-north coordinate in the Jordan aquifer? For those chemicals in 

which significant correlations were observed, what percentage of the variability in the concentration is 

not accounted for by the correlation? 
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Solution. The Jordan is a Cambrian aquifer. The probabilities that concentrations of tin, vanadium, 

nickel, and cadmium are correlated with well depth are taken directly from Table D.88 and are 0.343, 

0.981, less than 0.001, and 0.165 for UTM-east coordinate, respectively, and 0.012, 0.159, 0.274, and 

0.002 for UTM-north coordinate, respectively. 

Interpretation. We conclude that concentrations of tin, vanadium, and cadmium are not correlated with 

UTM-east coordinate, concentrations of nickel are correlated with UTM-east coordinate, concentrations 

of vanadium and nickel are not correlated with UTM-north coordinate, and concentrations of tin and 

cadmium are correlated with UTM-north coordinate. The correlation coefficients for the significant 

relationships with nickel, tin, and cadmium are 0.385, 0.377, and -0.302, respectively. This means 

concentrations of nickel increase from west to east, concentrations of tin increase from south to north, 

and concentrations of cadmium increase from north to south. The percentage of variability in nickel, tin, 

and cadmium concentration due to some factor other than UTM coordinate is [(I-probability)* 100] or 

61.5, 62.3, and 69.7, respectively. 

Comment. Since the number of samples collected from the Jordan aquifer was relatively large (31 

samples), we could conduct this analysis for just the Jordan aquifer. This analysis was conducted and the 

resulting p-values for tin, vanadium, nickel, and cadmium were 0.565, 0.731, 0.023 (R2 = 0.406), and 

0.246 for UTM-east coordinate and 0.694, 0.988, 0.184, and 0.972 for UTM-north coordinate, 

respectively. We conclude that only nickel was correlated with UTM-east coordinate, with 

concentrations increasing from west to east. This example illustrates that whenever possible, the most 

detailed level of analysis possible is desired. In this example, using data from just the Cambrian group 

would have been misleading ifwe were strictly interested in the Jordan aquifer. 

--- --------------------------
11. Concentrations of many chemicals were correlated with redox parameters. Redox potential, and 

dissolved oxygen, iron, and manganese concentrations were used as indicators of redox conditions 

within ground water. Redox potential and dissolved oxygen concentration increase with increasingly 

oxidizing conditions, while iron and manganese concentrations increase with increasingly reducing 

conditions. The strongest correlations were for concentrations of arsenic, barium, iron, manganese, 

phosphorus, and total suspended solids, which increased with increasingly reducing conditions, and 

for concentrations of nitrate, dissolved oxygen, and redox potential, which increased with 

increasingly oxidizing conditions. Many other chemicals, such as boron and phosphate, showed a 
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moderate response to the redox parameters, while some chemicals such as nickel and molybdenum 

showed little or no response. The correlations seemed to reflect two independent processes. First, 

there are parameters which are redox sensitive. Examples include arsenic, oxygen, nitrate, iron, 

sulfate, and manganese. Second, ground water typically becomes more reducing as residence time 

increases. The extent of dissolution and ion exchange reactions typically also increase with 

residence time. Consequently, many parameters which increase in concentration as a result of 

dissolution and ion exchange reactions, such as potassium, sodium, and chloride, also increased in 

concentration as ground water became more reducing, although these chemicals are not redox

sensitive. 

Example 14. Which chemical parameters appear to be the most highly correlated with redox parameters 

for the surficial Quaternary aquifer group? 

Solution. We could arbitrarily select the three most highly correlated chemical parameters for each of 

the four redox parameters. The strength of a correlation which is considered to be significant (p less than 

0.05) is indicated by the absolute value of the correlation coefficient (R2). Using Table D.105, the three 

strongest correlations with dissolved oxygen were for tin (+0.414), nitrate (+0.397), and beryllium 

(-0.323). The three strongest correlations with iron were for orthophosphate (--0.899), total suspended 

solids (+0.818), and nitrate (-0.654). The three strongest correlations with manganese were for 

orthophosphate (-0.899), iron (+0.563), and total suspended solids (+0.511). The three strongest 

correlations with redox potential were for iron (-0.549), nitrate (+0.544), and total suspended solids (-

0.438). 

Interpretation. Nitrate, orthophosphate, iron, and total suspended solids appear more than once in these 

results. Iron, orthophosphate, and total suspended solids show consistently increasing concentrations 

with more reducing conditions, while nitrate shows consistently increasing concentrations with more 

oxidizing conditions. The correlations are strongest for iron and manganese. 

12. The occurrence ofVOCs in wells coincided with parameters which reflect recent water. VOCs 

were more likely to be found in wells with high nitrate, dissolved oxygen, copper, lead, aluminum, 

and tritium concentrations, in wells with lower pH and barium concentrations, and in large diameter 

wells. The relationships with nitrate, dissolved oxygen, well diameter, and tritium all reflect recent 
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water. The relationship with dissolved oxygen was not significant for nonhalogenated aromatic 

compounds, as would be expected, since these compounds will be degraded in the presence of 

oxygen. The pH effect may be related to activity of the hydroxyl ion, which is involved in 

hydrolysis reactions with halogenated compounds. The relationships with lead, copper, and barium 

are interesting, but cannot be explained with existing information. The results for individual 

chemical classes are illustrated in Tables D.l 19 through D.124. 

13. For hypothesis tests involving more than two treatments, it can be determined which 

treatments differ in concentration for a particular chemical. Several statistical procedures are 

available. The Least Significant Difference (LSD) method was utilized in this report. The LSD is 

given by: 

[21] 

where MS E is the expected mean square for error, N is the total number of samples, y is the number 

of treatments (i.e., aquifers in Example 1 ), n is the number of samples in treatments i through z, a. is 

the probability. In the tables where LSD is provided, a value of 0.05 was chosen for a.. However, 

the probability, a., of two treatments being equal in concentration can also be determined by 

rearranging the above equation to solve for MSE at the 0.05 level: 

MSE = (1/(lln; + llnj + ... + llnz))(LSD!t)2 [22]; 

then solving for t at different values for LSD: 

t = LSDl✓MSE(lln; + llnj + ... + llnz) [23]. 

This procedure seems complicated but it is potentially very useful. The following two examples 

illustrate the use of these calculations. 

-------------------------------------------------------------------------------------------------------
Example 15. Which aquifers have significantly different concentrations of nitrate and manganese than 

the Quaternary water table aquifer (QWTA)? What is the probability associated with these calculations? 
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Solution. Table D.47 indicates that the probability of nitrate and manganese concentrations being equal 

in all aquifers is less than 0.0001 for both chemicals. We conclude that concentrations do differ between 

some aquifers. The LSD provides the difference in ranks (remember nonparametric methods were used), 

at the 0.05 level, at which we conclude concentrations differ between aquifers. The probability 

associated with calculations involving the LSD values illustrated in Table D.47 is therefore 0.05. The 

interpretation of LSD is that any two aquifers which differ in mean rank by more than the LSD are · 

considered to differ in concentration at a probability of 0.05. The mean rank nitrate value for the QWTA 

is 543 and the LSD is 275. Any aquifer with a mean rank less than 268 (543 - 275) has lower 

concentrations of nitrate than the QWTA aquifer, while any aquifer with a mean rank greater than 818 

(543 + 275) has greater concentrations. The only aquifer qualifying for either of these criteria is the 

Maquoketa (OMAQ), with a rank of 901, which reflects concentrations greater than those in the QWTA 

aquifer. For manganese, the ~ean rank in the QWTA aquifer was 556 and the LSD was 242. Aquifers 

with mean ranks less than 314 (556 - 242) had lower manganese concentrations than the QWTA aquifer 

and aquifers with mean ranks greater than 798 (556 + 242) had greater concentrations. The St. Peter

Prairie du Chien (OSPC) aquifer had greater concentrations (mean rank= 829) and the Jordan (CJDN, 

mean rank = 277) and OMAQ (mean rank = 160) had lower concentrations. 

Comments. Two important points should be noted. First, some aquifers had a very small sample size. 

The OMAQ aquifer, for example, had one sample. Aquifers with small sample sizes are more influenced 

by small or large mean ranks, thus limiting the utility of comparisons in Table D.47. Second, the LSDs 

are very large in Table D.47, since looking at all aquifers individually greatly increases the variability in 

the data. In particular, small sample sizes will have a dramatic ·effect on the LSD as shown in Equation 

21. Two alternatives are recommended to comparing individual aquifers. The first is to compare aquifer 

groups. Close examination of Table D.48., in which aquifer groups are compared, reveals that LSD 

values are much smaller than in Table D.47. Comparing surficial Quaternary aquifer manganese 

concentrations with other aquifer groups indicates that manganese concentrations are greater in the 

surficial Quaternary group than in Cambrian, Devonian, Ordovician, and Precambrian aquifer groups. 

The second alternative is to conduct a nonparametric two-sample test (Mann-Whitney) between 

individual aquifers. If the desired comparisons are known, these can be conducted quickly within a 

statistical software package. For example, suppose a user wants to compare nitrate concentrations 

between Quaternary water table (QWTA), Quaternary buried artesian (QBAA), and Cretaceous (KRET) 

aquifers. This is a comparison of some importance in southwestern Minnesota, for example. Using the 

baseline data, the user would simply run three separate Mann-Whitney tests comparing QWTA with 
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QBAA, QWTA with KRET, and QBAA with KRET aquifers. These analyses were conducted and 

showed that concentrations did not differ between the QWTA and KRET aquifers (p = 0.26), did not 

differ between the QBAA and KRET groups (p = 0.22), but were significantly greater in the QWTA 

aquifer than in the QBAA aquifer (p less than 0.0001). This is potentially very useful information, since 

it indicates surficial aquifers are more sensitive to nitrate contamination than deeper aquifers, but that 

there are some potentially confounding effects in areas where Cretaceous aquifers interact with 

Quaternary aquifers. It would be even more useful to conduct these tests using data only from the 

geographic areas of concern, provided sample sizes were sufficiently large. It is evident that as the 

number of aquifers being compared increases, the number of potential comparisons increases very 

quickly. 

Example 16. What is the probability that nitrate concentrations in surficial Quaternary and buried 

Quaternary aquifers are equal? 

Solution. This is a difficult problem but is potentially very important. Examination of Table D.48 

shows that the LSD for nitrate is 77 and that mean ranks for surficial and buried Quaternary groups differ 

by 75. These are very close and we would conclude that concentrations do not differ at the 0.05 level. 

We can calculate the exact probability rather than rely on the uncertainty of the results shown in Table 

D.48. The first step is to set up Equation 22: 

2 MSE = (ll(Iln; + llnJ + ... + llnz))(LSD/t) 

and retrace some procedures made in the initial calculation of LSD. First, we assumed a was equal to 

0.05. Another assumption was that tat this probability was equal to 2.0. This is reasonable for general 

analysis, but for this example we want an exact value for t. Table 3 (Section 2.2.1) shows that t is equal 

to 2.000 for a sample size of 60, but the sample size in this example is much larger. The t value for a 

sample size of 120, for example, is actually 1.98, and that is the value we will use in this example. Next, 

we know the LSD is 77. We get the sample sizes from Tables D.31 and D.35 for the QBAA and QWTA 

aquifers, respectively, and find them to be 386 and 119. We used QWTA and QBAA because these are 

representative of the surficial and buried Quaternary systems. We can now calculate the mean square for 

error (MS E) and calculate it as: 

MSE = 1/(1/386 + 1/119)(77 /1.98)2 = 1/(0.0026 + 0.0084)(38.89)2 
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= (1/(0.0110))(1512.2) = 137486. 

Next we solve fort using Equation 23 and the observed difference of 75 in place of the LSD: 

t = LSDl✓MS.e()lni + Ilnj + ... + 1/nz) = 75/✓137486(0.0110) = 75/38.89 = 1.93. 

Now we look up this value oft in a statistics book and find the corresponding value of a. We find the a 

value to be about 0.0578. The probability of nitrate concentrations being equal in the surficial and buried 

Quaternary aquifer groups is about 0.06. 

Comments. Users unfamiliar with the statistical procedures described above should be aware of a few 

issues. First, many tables containing !-values show what is called a "two-tailed" value. The example 

above was only concerned with one-tail. Thus, the !-table from which the calculations were made in this 

example used the a value of 0.025 because it was a two-tailed table. Second, the importance of sample 

size should be evident from Equations 21, 22, and 23. The effect of sample size on the·above 

calculations becomes very important as sample size decreases. For example, if the sample sizes were 

reduced to 25, t values were adjusted accordingly, and the other values remained the same, the calculated 

value for a would be 0.0542, which upon rounding becomes 0.05. The final consideration is more 

general in nature. The LSD is a parametric procedure, using the mean square for error, which is a 

measure of the variability in the population. However, remember that the hypothesis_test was 

nonparametric. The calculation of LSD is done on the ranks rather than the concentrations. As in 

example 15, it would be best to use the baseline data directly in a statistical software package and make 

the desired calculations. 

4.1.3. Health and Risk 

The percentage of wells exceeding drinking water criteria was calculated for each chemical 

having a Health Risk Limit (HRL), Health-Based Value (HBV), Maximum Contaminant Level (MCL), 

or Secondary Maximum Contaminent Level (SMCL). These calculations were made for each aquifer, 

for each age-based aquifer group, and for each hydrology-based aquifer group. 

A risk analysis was performed in which the hazard index was calculated for nine different target 

endpoints. These calculations were made for each aquifer, for each age-based aquifer group, and for 
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each hydrology-based aquifer group. The hazard index considers all chemicals with the same target 

endpoint. An example is the kidney endpoint, which includes the chemicals molybdenum, tin, and 

cadmium. A hazard index gives the approximate ratio of observed concentration to the health-based 

drinking water criteria. 

Assumptions and Considerations 

Risk analysis provides potentially useful information regarding the suitability of an aquifer for 

drinking supply. However, it is important to understand limitations of the risk analysis. 

• Only health-based drinking water criteria, the HRLs and HBV s, were used in the 

calculations, except for the MCL in the case of arsenic. 

• The effects of chemicals with the same endpoint are additive. 

• The exposure assumptions are for lifetime ingestion of two liters of water per day and a body 

weight of 7 5 kg. 

• A hazard index of 1.0 or less indicates water which is considered to have no adverse health 

effects for the endpoint being considered. A value greater than 1.0 reflects a condition in 

which additional analysis is req1.1ired to determine if the exposure assumptions are applicable 

and to better quantify the distribution of chemicals affecting the target endpoint. 

• The risk analysis was based on information available at the time of this report. Health 

information is frequently updated, including derivation of HRLs for chemicals which 

formerly lacked them, upgrading a HBV to a HRL, changing a HRL, or changes in target 

endpoints. The simplest way of assessing the impact of changes is to compare the 

information in table D.111 with updates to drinking water criteria. 

Application of Results: Health and Risk 

1. Frequencies for exceeding drinking water criteria were calculated for all chemicals. The 

percentage of wells exceeding the drinking water criteria were, from greatest to least, iron ( 67 .9), 

boron (8.7), aluminum (6.5), manganese (4.1) sulfate (3.7), nitrate (3.3), beryllium (2.3), fluoride 

(1.3), and several others which had less than 1.0 percent frequency of exceedance. Manganese, 

boron, nitrate, and beryllium have health-based drinking water criteria, although the drinking 

criteria for manganese used in this report is modified from the HRL (MDH, 1997). 

Exceedances of boron were greatest in Cretaceous (33.3 percent), surficial Quaternary (16.3 percent), 

and Precambrian (12.5 percent) aquifer groups. Exceedances of manganese were greatest in the 

Precambrian (6.25 percent) and surficial Quaternary (5.7 percent) aquifer groups. Exceedances of 
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nitrate were greatest in Cretaceous (7.7 percent) and surficial Quaternary (5.7 percent) groups. 

Exceedances of beryllium were greatest in Precambrian (5.0 percent) groups, particularly the 

crystalline and North Shore Volcanic aquifers. Exceedances of fluoride were relatively high in the 

Cretaceous aquifer group (7.7 percent). 

Example 17. What were the percentage of wells exceeding the drinking water criteria for boron, 

manganese, beryllium, and arsenic in Precambrian wells? Which individual aquifers had the greatest 

rates of exceedance? Which of these criteria are health-based? 

Solution. The percentage of wells exceeding drinking water criteria are read directly from the 

Precambrian column in Table D.112. The percentage of wells exceeding the drinking water criteria for 

boron, manganese, beryllium, and arsenic in Precambrian wells was 12.5, 6.25, 5.0, and 0.0, respectively. 

There were four exceedances for boron in the North Shore Volcanic aquifer (PMNS) and three 

exceedances for the crystalline aquifers (PCCR and PCCU). The exceedances for manganese were 

spread among several aquifers, although two of the four Sioux Quartzite (PMSX) samples exceeded 1000 

ug/L. Exceedances for beryllium were greatest for the Duluth Complex ( 100 percent but just one 

sample), North Shore Volcanics (29.4 percent), and the Sioux Quartzite aquifer (PMSX, 25 percent but 

just four samples). The MCL for arsenic was exceeded in one well (a PCCR well). The HRL and HBV 

are health-based criteria and thus boron, manganese, and beryllium drinking water criteria are health

based (see Table D.111), although the value of 1000 ug/L used for manganese is modified from the 

IIRL (100 ug/L), as outlined in the MDH memo of (MDH, 1997). The drinking water criteria for 

arsenic is the MCL, which is not strictly health based since it considers factors such as treatability. 

Comments. Sample size must be considered when looking at these data. When sample sizes are small, 

as they are for many of the Pr~cambrian aquifers, a single exceedance can greatly affect the results. 

2. There were only four exceedances of the HRL for VOCs. Although the frequency of detection for 

VOCs was about ten percent, the only exceedances of the HRL were for tetrachloroethene (8.6 ug/L), 

benzene (22 ug/L), 1,1-dichloroethene (12 ug/L), and tetrahydrofuran (480 ug/L) in four different 

wells. 
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3. Risk analysis was performed, including calculation of median hazard indices and probability of 

exceeding health-based drinking water criteria for nine target endpoints. Risk analysis focuses 

on target endpoints, such as cancer, and therefore includes the additive effect of all chemicals which 

impact the same endpoint. There was a greater than ten percent chance of exceeding a hazard index 

of 1.0 for the cancer and reproductive endpoints in Precambrian wells, the cardiovascular/blood and 

reproductive endpoints in Cretaceous wells, the kidney endpoint in Cedar Valley wells, the kidney 

endpoint in St. Peter wells, the cancer and reproductive endpoints in crystalline bedrock wells, and 

the cancer, nervous, and reproductive endpoints in QBUU (Quaternary buried unconfined 

undifferentiated) wells. Chemicals which contribute to each endpoint are illustrated in Table D.111. 

-----------------------------------------------------------
Example 18. What are the percentages of wells that would be expected to exceed a hazard index of 1.0 

in Cretaceous wells for the cardiovascular/blood, cancer, reproductive, and kidney endpoints? Which 

chemicals are the most important contributors for each endpoint? 

Solution and Interpretation. The percentages may be read directly from the row with data for the 

Cretaceous aquifer group in Table D.114. Percentages were 12, 4 to 5, 35, and 3 to 4 for the 

cardiovascular/blood, cancer, reproductive, and kidney endpoints, respectively. Determining which 

chemicals are the most important contributors for each endpoint must be done indirectly by comparing 

concentrations in Table B.15 with the HRLs in Table D.111 for the respective chemicals. For the 

cardiovascular/blood endpoint, nitrate and barium are the contributing chemicals. The 95th percentile 

concentrations for barium and nitrate in the Cretaceous aquifer were 268 and 16450 ug/L respectively. 

The HRLs for barium and nitrate are 2000 and 10000 ug/L, respectively. Comparing these 

concentrations to the HRLs indicates nitrate is by far the primary contributor to high values for the 

hazard index. Beryllium, arsenic, and some VOCs are the contributing chemicals for the cancer 

endpoint. VOCs had a minimal impact on the calculated hazard indices. The 95th percentile 

concentrations for arsenic and beryllium were 8.6 and 0.06 ug/L and the MCL and HRL are 50 and 0.08 

ug/L, respectively. Comparing the concentrations with the drinking water criteria indicates that 

beryllium is the primary contributor to this endpoint, but that arsenic did have a significant contribution. 

Boron and some pesticides contribute to the reproductive endpoint. Contributions from pesticides were 

insignificant. Boron will therefore be the primary contributor to this endpoint. Comparison of the 95th 

percentile concentration for boron (3104 ug/L) with the HRL ( 600 ug/L) indicates that a Hazard Index of 

1.0 will be exceeded relatively frequently for this endpoint as a result of boron concentrations. 
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Cadmium, molybdenum, and tin are the contributing chemicals for the kidney endpoint. The 95th 

percentile concentrations for these chemicals were 0.82, and 25 ug/L for cadmium and molybdenum, 

respectively, while tin was not sampled. Tin was therefore not utilized in the analysis shown in Table 

D.114. The HRL and HBV for cadmium and molybdenum are 4.0 and 30 ug/L, respectively. 

Molybdenum is therefore the most important contributor to this endpoint, but cadmium does contribute 

about 20 percent to the overall hazard index. 

Comments. For some endpoints, such as the nervous system and reproductive system, one chemical 

accounts for most of the value calculated for a hazard index. For other endpoints, such as cancer and 

kidney, there may be contributions from more than one chemical and the effect of additivity is important. 

Note that if the calculations for the kidney endpoint were being made for some of the Cambrian and the 

Devonian aquifers, cadmium would be more important than molybdenum, while molybdenum was more 

important in the example above and would be more important in most Precambrian aquifers. Exact 

contributions from different chemicals, including VOCs, can be made using the baseline data. It will 

generally be adequate to approximate the contributions of different chemicals, as was done in the 

example above. Finally, it is important to remember that risk analysis is intended as a screening tool to 

identify aquifers in which a chemical(s) may occur at concentrations which warrant additional analysis. 

4.1.4. Geochemical Interpretations for Individual Parameters 

Aquifers or portions of aquifers may be susceptible to contamination because, under equilibrium 

conditions, they have the potential to support concentrations of chemicals in excess of drinking water 

criteria. If there is sufficient source chemical available, either in parent rock or from anthropogenic 

sources, to reach these equilibrium concentrations, then chemical concentrations not only may exceed the 

drinking water criteria, but there may be low natural attenuation capacity in these aquifers. Chemical 

concentrations may exceed drinking water criteria when an aquifer is not in equilibrium, as in the case of 

a contaminant point source, but these aquifers may have natural attenuation capacities which allow for a 

decrease in chemical concentration as the system tends toward equilibrium. 

An analysis was completed to determine the susceptibility of ground water to contamination by 

each of the sampled parameters. Only equilibrium conditions were considered. The analysis included an 

examination of natural concentrations in rocks and soil, anthropogenic sources, solubility calculations, 

observed concentrations, factors considered to affect the distribution of chemicals in ground water, and 

an assessment of ground water susceptibility to contamination. Methods for conducting the solubility 

calculations are described in Section 2.2.4. 
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Assumptions and Considerations 

The primary assumptions made in the solubility calculations are described below. 

• Solubility calculations were made using median concentrations for all wells rather than 

calculations for individual wells or groups of wells. Median concentrations of sulfate, 

bicarbonate, iron, silica, and hydrogen ( or hydroxyl) ion were used. 

• Ionic strength effects were not considered. This assumption would alter the resulting 

calculated concentrations by factors of approximately 1.5 and 2 for divalent and trivalent 

species, respectively. 

• Complexation was ignored in the calculations. 

• Ammonia and carbonate concentrations were assumed to be zero and the concentration of 

hydrogen sulfide was assumed to be equal to 104 M. The assumption for carbonate is based 

on the relative importance of carbonate to bicarbonate at the pH values observed in the 

samples. 

Application ofResults: Geochemical Interpretations 

The flow chart in Figure 3 (below) summarizes the assessment of susceptibility for individual 

chemicals which have drinking water criteria. Additional information regarding estimated equilibrium 

concentrations or controlling minerals is provided in Section 2.2.4. 

Chemicals in Group I will not pose a concern in most ground water unless there is a point source 

of contamination. Ground water which does become contaminated with these chemicals would be 

expected to have a high potential for natural attenuation. No additional analysis of baseline data is 

recommended for these chemicals. 

Chemicals in Group II are relatively mobile in the soil (antimony, boron, selenium, nickel, and 

vanadium) or may be elevated in soils due to anthropogenic sources (lead). The largest concern with 

these chemicals is by leaching through the unsaturated zone and into ground water. Boron 

concentrations may also be elevated in some rocks (boron was also placed in Group VI). Proper 

management of these chemicals in soil is important. Although under most conditions these chemicals 

would naturally attenuate in ground water due to solubility controls, they may be mobile because other 

natural attenuation mechanisms ( e.g., adsorption, ion exchange) are less important. Additional analysis 

of the distribution of these chemicals in shallow, surficial aquifers is warranted. 
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Figure 3: Flowchart illustrating groups of chemicals based on geochemical analysis. 

Natural solubility controls keep concentrations Unknown 

Yes 

Soil leachate may pose 
a concern 

GROUP I GROUP II 
Aluminum Antimony 
Barium .. Boron 
Chromium Lead 
Cobalt Nickel 
Copper Selenium 
Silver Vanadium 
Sodium 
Tin 

below levels of concern IThalliu 

No 

Sources are limiting 
concentrations below levels of 

Soil leachate may pose 
a concern 

Soil leachate may pose 
a concern 

GROUP III GROUP IV GROUPV GROUP VI 
Beryllium Chloride Iron Arsenic 
Cadmium Fluoride Manganese Boron ◄• • - •• 

Mercury Molybdenum Nitrate 
Strontium Sulfate 
Zinc voes 

NO DRINKING WATER CRITERIA 
Bicarbonate, Bismuth, Bromide, Calcium, Carbon, Cesium, Dissolved oxygen, Lithium, Magnesium, pH, 
Phosphorus, Potassium, Rubidium, Silica, Sulfur, Titanium, Total dissolved or suspended solids, Zirconium 

Chemicals in Group III have the potential to exceed drinking water criteria when there is 

sufficient source material available. However, their occurrence in ground water is limited by the 

availability of the chemical in source minerals. They are generally not mobile in the unsaturated zone 

and should be attenuated in ground water. Consequently, ground water may locally be susceptible to 

contamination from these chemicals, but contamination is likely to remain isolated. No further analysis 

of baseline data is recommended for these chemicals. 

Chemicals in Group IV have the potential to exceed drinking water criteria when there is 

sufficient source material available. They are also mobile in the unsaturated zone and will only slowly 

be attenuated in ground water. Additional analysis of the distribution of these chemicals is warranted. 

Chlorides and sulfate can provide valuable information about the water chemistry of ground water 

systems. Distribution of chlorides and sulfate in individual aquifers should be assessed. Fluoride and 

molybdenum distribution should be investigated in those aquifers where their concentrations were 

elevated. A separate analysis ofVOCs is recommended for the Twin Cities Metro Counties. A mini

grid was employed in this area in which the sampling density was approximately tripled compared to the 
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baseline sampling density. These additional data were not analyzed as part of the baseline data and they 

will be useful in understanding the distribution ofVOCs in the Metro Area. 

Chemicals in Group V are present at concentrations exceeding drinking water criteria in most 

wells and aquifers. If the HRL for manganese is increased by an order of magnitude or more, it will 

probably be placed in Group ID. Until a new HRL is established, it is difficult to determine which 

category is most appropriate for manganese; however, and it is thus retained in Group V for this 

report. Limited additional analysis of these chemicals is warranted, but because of their potential 

importance to ground water receptors and in understanding geochemical processes in ground water, 

adjustments in sampling are recommended for these parameters. In particular, all future samples should 

include both filtered and non-filtered samples. Field kits for analyzing dissolved iron and manganese 

may also be recommended for local studies of shallow ground water. 

Placing arsenic, boron, and nitrate into a Group VI is highly subjective. Nitrate is by far the 

most widely distributed chemical associated with human activity. The baseline data indicate background 

nitrate concentrations are likely to be well below the reporting limit of 500 ug/L, possibly even in 

environments where it will be stable but there are no human inputs. The nitrate data set must be further 

analyzed to understand the various subpopulations that appear to exist among the data. A comprehensive 

analysis is therefore warranted, not only for aquifers of concern but possibly for many factors which 

appear to control the distribution of nitrate in ground water. Arsenic was generally well below the MCL 

of 50 ug/L, but this concentration is not health-based. A large percentage of the sampled wells exceeded 

1 and even 3 ug/L. Arsenic should be treated as an important chemical of concern. Unlike nitrate, the 

primary source of arsenic in ground water is natural and this will allow the additional analysis to be 

restricted to understanding those factors which control the behavior of arsenic in ground water. Boron 

concentrations are at .levels of concern in certain aquifers, particularly the Cretaceous and some of the 

Precambrian aquifers. The primary source of boron in ground water is natural, but boron is mobile 

enough to warrant being included in Class VI (note that boron was also included in Class II, since its 

concentration is low in many aquifers). 

No geochemical information was found for thallium and it could not be placed into one of the six 

groups. It is probably not mobile in soil and is not very abundant in rocks. It would therefore be placed 

either into Group I or Group III depending on the solubility calculations. 

Many chemicals did not have drinking water criteria. This does not mean they should be ignored 

in further analysis, however. Dissolved oxygen, pH, alkalinity (bicarbonate), and total dissolved solids, 

in particular, are important indicators of biogeochemical processes and should be treated as such in 

additional analyses. 
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4.2. Organics - Volatile Organic Compounds 

The discussion of organic compounds was limited to Volatile Organic Compounds (VOCs). 

Pesticides were sampled in wells considered to be potentially sensitive to contamination, but only two 

wells showed detections of atrazine, both at concentrations well below the drinking water criteria. 

Results are summarized below. 

• VOCs were detected in 109 wells, or 11 percent of the total wells sampled. 

• A total of 162 compounds were detected, with 25 wells having two or more compounds 

detected. 

• The most common VOCs detected were the trihalomethane (THM) compounds, most of 

which was chloroform. The THMs have traditionally been assumed to be a result of well 

disinfection, but natural formation of THMs can occur if there are sufficient quantities of 

chloride and organic carbon in ground water. 

• There were 33 detections ofnonhalogenated aromatic compounds. These are primarily 

associated with fuel oils and gasoline. Toluene and xylene were the most common VOCs 

detected from this group of compounds. 

• There were 23 detections of halogenated aliphatic compounds ( other than trihalomethanes 

and chlorofluorocarbons). These chemicals are primarily used as solvents in industrial 

applications, although at one time they were commonly used in many household applications 

( e.g., strippers, degreasers, lubricants). Di- and trichloro- ethenes and ethanes made up the 

majority of these detections. 

• The remaining detections were divided among chlorofluorocarbons (CFCs), ketones, 

tetrahydrofuran, and naphthalene. CFCs may be associated with atmospheric deposition, but 

they are used in industrial applications. Ketones are used as solvents but may also represent 

degradation products of other VOCs. Tetrahydrofuran and naphthalene were probably 

associated with fuel oil or gasoline. 

• There were four exceedances of the HRL. These included detections of benzene (22 ug/L), 

tetrachloroethene (8.6 ug/L), tetrahydrofuran (480 ug/L), and 1,1-dichloroethene (12 ug/L). 

In general, the VOC contribution to overall hazard indices was insignificant except in a few 

individual wells where they were detected. 

• The distribution ofVOCs in samples was a function of chemical class. Nonhalogenated 

aromatic compounds were more prevalent in reducing environments, as would be expected 

since these chemicals are degraded in the presence of oxygen. Halogenated aliphatic 
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compounds were more prevalent in oxygenated environments, where they would be expected 

to be more persistent since they are degraded under reducing conditions. The halogenated 

chemicals also showed lower concentrations as pH increased, probably due to increasing 

rates of hydrolysis reactions at greater pH. Overall, VOCs tended to be more prevalent in 

large diameter wells, perhaps reflecting inputs from the unsaturated zone or the upper 

portions of aquifers. 

4.3. Problems 

The following problems are comprehensive and are intended to utilize concepts and information 

from the entire baseline report. 

Problem 1. Water resource managers working in Isanti, Sherburne, Benton, Anoka, and Steams 

counties are concerned about the impacts of increased irrigation on water quality in the Anoka Sand 

Plain aquifer. In a one-time sampling of fifty irrigation wells, the results shown in Table 9 (below) were 

obtained. 

Table 9: Summary of information collected by county water managers. 

S~D1pl~1i~~~ !>(Jensijred 
·' :+values • 

)~fe~1f~llg$f ! NJe,u~1t(~gtE.)·• : ·s~nd.s:titd.t, 
:> > dev1.a#on 1:··· 

surficial Quaternary 32 9 21252 12121 45894 
buried Quaternary 18 12 991 665 889 

The water resource managers would like to know if there are water quality concerns associated with 

increased irrigation and what recommendations can be made with respect to either management or 

·additional data collection and analysis. 

Solution. There is no clear cut solution to this problem. It would be useful to conduct the following 

analyses: 

a) examine the above data and provide limited.interpretation of it; 

b) compare the water quality information for the surficial and buried aquifers with data 

statewide and from these five counties; 

c) draw conclusions from the above analyses; and 

d) suggest additional studies which would provide information needed to make management 

decisions. 
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We treat a) through d) as separate parts of the problem. 

a) The first step is to look at the data in Table 9. There were a large number of censored values for both 

the surficial and buried Quaternary aquifers. The mean concentration and standard deviation 

therefore have little meaning. The data could be analyzed in a rigorous manner, but this is not 

necessary to answer the question. We will use nonparametric methods in the subsequent steps. 

b) The second step is defining the aquifers with which to compare the county data. Although surficial 

Quaternary aquifers encompass both QWTA (water table) and QUUU (undifferentiated) 

designations, we choose to use just the QWTA designation for this problem. This designation is 

appropriate for the Anoka Sand Plain aquifer. Similarly, the QBAA and QBUA designations are 

used for buried Quaternary wells. We can now compare data. As stated above, parametric 

descriptive statistics (mean and standard deviation) have no value and they are not included in the 

table. We can get the statewide QWTA, QBAA, and QBUA data directly from Tables D.31, D.32, 

and D .3 5. Baseline data can be queried from the baseline database for the five counties of interest. 

We will call this data "County Baseline." Notice that no distinction is made between QBUA and 

QBAA for the regional data, since we have inadequate information to make this distinction. The 

three data sets are summarized in Table 10. Additional data have been added for the samples 

collected by the regional water managers. 

Table 10: Comparison of all nitrate data for Problem 1. 

.,. ... ,,,. 
'· !. ·•··No:iof::· ·Ni:,~'iof:·· .,.::: - ••• .. ·. ,,,,., 

• Mini.r.n.Jhn :: • l\faiximum ·• ··" "" :.:<e.,· ::+ :::::::: ·.1.··: .. r<tcc'•···· f'••.::: ::: ·: :~a.tnptes> 
,,., ........... ' ··:<:•' 

,!' ••• • ·.·, ·.· >c~nsot¢d :If '<';:t,. <+·< 
QWTA 

Statewide 119 87 <500 <500 22300 
County Baseline 15 11 <500 < 500 9300 

Regional 1 32 9 12121 399 35681 
QBUA 

Statewide 104 76 < 500 < 500 98020 
County Baseline 13 10 <500 <500 12000 

Regional 18 12 665 127 7994 
QBAA 

Statewide 386 342 < 500 <500 33240 
County Baseline 24 19 < 500 <500 16800 

Regional 18 12 665 127 7994 
' Log-transfonned data 

We can now look at the data more rigorously. Helsel's method was used to calculate mean and 95 

percent UCL concentrations for the county data. The results are illustrated in Table 11. We applied 

Equation 2 to calculate the mean and 95 percent UCL: 
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C = exp(a + bza.). 

The values for z at the mean and 95 percent UCL are O and 2.0, respectively (see Table 5). 

Table 11: Summary of analysis for county baseline data using Helsel's method. 

···.A.:quifer . Intercept( a.) Slope<(b) Mean .. ~~%UCL . . .. . .. ' 
County baseline 

QBAA 4.158 2.85 64 19230 
QBUA 5.624 2.447 277 37110 
QWTA 7.46 1.014 1745 13280 

Statewide 
QBAA - - 9.0 1465 
QBUA - - 76 10949 
QWTA - - 310 8348 

The data show that concentrations of nitrate appear to be greater in all three aquifers within these 

five counties compared to the remainder of the state. It is therefore appropriate to use the county 

baseline data for comparison with the data collected by the regional water managers. 

To compare the data collected at the regional level with the county baseline data, we take the 

median concentrations and insert these in as C, then solve for z. 

Za. = (ln(C) - a)lb 

We use the values for a and b shown in Table 11. The calculated values for z are 1.92, 0.36, and 0.82 

for the QWTA, QBUA, and QBAA aquifers, respectively. We then look up the probability 

associated with these calculated values for z. The probabilities for the QWTA, QBUA, and QBAA 

aquifers are about 0.029, 0.38, and 0.21, respectively. 

c) Ifwe use a decision level of 0.05, we conclude that the water table aquifer (QWTA) is being 

impacted by irrigation, while buried portions of the Anoka Sand Plain aquifer are not. 

It is useful at this point to identify factors which may be important in controlling nitrate distribution 

in the surficial aquifer. A second objective of additional analysis would be to attempt to understand 

why nitrate concentrations are not elevated in the lower aquifer and whether they are likely to 

increase with time. Figure 3 indicated that nitrate is primarily a concern as a result of soil leaching. 

Once in ground water, geologic controls cannot keep concentrations below the HRL (10000 ug/L). 

In reviewing the discussion for nitrate in 3.2.4, oxidation-reduction conditions were the primary 

control on the distribution of nitrate in ground water. Table D.57 indicates well diameter is an 

important factor, but within the Anoka Sand Plain no large diameter wells were identified. Nitrate 
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was highly correlated with tritium (p less than 0.001), indicating it was more likely to be found in 

"young" ground water. Table D.83 indicates that nitrate concentrations were greatest in June and 

lowest in April, probably in response to both application of nitrogen fertilizer and aquifer recharge. 

d) The following are recommendations for the study area. 

• A tritium sample should be collected in all wells with nitrate concentrations less than 500 

ug/L. Tritium confirms the presence of relatively recent water. Recent water with low 

nitrate concentrations suggests nitrate is being denitrified within the aquifer. 

• Sample each well for dissolved iron and manganese, hydrogen sulfide, methane, dissolved 

oxygen, oxidation-reduction potential, temperature, sulfate, nitrate, conductivity, pH, 

dissolved and total organic carbon, and alkalinity (bicarbonate). This information provides 

an indication of the redox status within each well and the likelihood for natural attenuation 

of nitrate within the aquifer. The data can be used to estimate the sensitivity of the aquifer to 

contamination by nitrate, regardless of nitrate inputs associated with land use. 

• Establish a long-term monitoring network in the aquifer to evaluate seasonal variability and 

long-term trends in the nitrate concentrations. The network should consist of wells from the 

shallow and deep aquifers, covering a range of nitrate concentrations. In addition to nitrate, 

the parameters outlined in th~ second recommendation should be sampled. Sampling should 

be quarterly for at least four years. 

Problem 2. A prospective property owner in Hennepin County wants to develop a parcel of land which 

had contaminated soil. The soil has been cleaned up to meet industrial land use criteria. Three wells 

have been installed at .the site and the information shown in Table 12 has been collected from them. 

Well 1 represents background conditions, Well 2 represents ground water directly beneath the impacted 

soil, and Well 3 represents ground water at the down-gradient edge of the property. Monitoring Wells 2 

(MW-2) and 3 (MW-3) are 500 feet apart. The cleanup goals for ground water at the property boundary 

are one-half of the drinking water criteria. The aquifer underlying the site is a surficial outwash sand, 

approximately 20 feet to water, and 30 feet thick. What information from the baseline network can be 

used in interpreting data for this site? 

Page 126 Ground Water Monitoring and Assessment Program (GWMAP) 



I 

Minnesota Pollution Control Agency March 1998 

Table 12: Summary data for Problem 2. 

• < Parameter MW.;1 ·• . 
MW--2··• . . . . 

MW .. 3 ;····· 
·•· 

.. 
. .. .· • .• •···· 

Lead (ug/L) 
June, 1996 1.20 19.3 4.1 

October, 1996 1.01 21.5 3.5 
June, 1997 0.97 16.9 2.9 

October, 1997 1.04 20.4 2.8 -

Cadmium 
June, 1996 0.056 13.9 1.9 

October, 1996 0.051 12.2 1.5 
June, 1997 0.042 10.6 1.3 

October, 1997 0.049 11.1 1.4 
Nickel 

June, 1996 3.9 119 45 
October, 1996 3.1 141 41 

June, 1997 3.5 151 38 
October, 1997 3.7 137 36 

Solution. The following analyses are conducted: 

a) conduct analysis of the site data; 

b) compare MW-1 to statewide data; 

c) conduct intrawell comparisons; 

d) provide general information about the factors affecting chemical fate in ground water; and 

e) provide recommendations. 

Points a) through e) are treated as separate parts of this problem. 

a) Descriptive statistical analysis is performed on the site data. The data from each individual well 

should not vary, although analysis of seasonal effects could be made if samples were collected for an 

additional year or more. Means and medians are illustrated in Table 13. As expected, the means and 

medians are very close. 

Table 13: Descriptive statistics for monitoring wells 1 through 3. 

MW--3 . . ..... ' . 

Mean Median Mean ··• Median .... ·Mean. Median 
Lead 1.06 1.03 19.5 19.9 3.3 3.2 

Cadmium 0.050 0.050 12.0 11.7 1.53 1.45 
Nickel 3.6 3.6 137 139 40 39.5 
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b) The aquifer we use will be the Quaternary water table aquifer (QWTA). The statewide mean 

concentrations for lead, cadmium, and nickel are 0.19, 0.029, and 4.9 ug/L, respectively (see Table 

D.35). We need to establish a probability on which to base our decisions. A probability value of 

0.05 is chosen. We can simply compare the site concentrations with the 95 percent upper confidence 

limits (UCLs) to determine if the concentrations in the individual wells represent background. The 

baseline UCLs for lead, cadmium, and nickel were 2.4, 0.15, and 13 ug/L, respectively. We 

conclude that Monitoring Well 1 does represent a background concentration. Monitoring wells 2 and 

3 both exceed background and are therefore considered to be impacted. 

c) Intra well comparisons can be conducted to determine if the concentrations in the three wells are 

different. This is a hypothesis test, with the null hypothesis being that concentrations in the three 

wells are not different. Although we could probably do an Analysis of Variance (ANOVA) analysis 

of the data (parametric method of hypothesis testing), the nonparametric method is quicker to run 

and may be sufficient. The resulting p-value was 0.0000392, which provides strong evidence to 

reject the null hypothesis. Concentrations do differ between wells. The mean ranks for all chemicals 

were 2.5, 10.5, and 6.5 for MW-1, MW-2, and MW-3, respectively. Since the difference between 

MW-I and MW-3 (6.5 - 2.5 = 4.5) is the same as the difference between MW-2 and MW-3 (10.5 -

6.5 = 4.5), we know that the concentrations follow the order MW-2 > MW-3 > MW-I. This is an 

important conclusion, because it not only tells us that MW-2 and MW-3 are impacted, but it also tells 

us that MW-3 and MW-2 are significantly different. The key question now is whether MW-3 is at 

equilibrium, since this is the compliance well. If concentrations in this well are not changing with 

time, we can make a decision based on the existing data. Let us assume for now that concentrations 

are at equilibrium and they will not change with time. The compliance concentrations for lead, 

cadmium, and nickel are half of the drinking water criteria. A drinking water criterion of 15 ug/L is 

used for lead, while the HR.Ls for cadmium and nickel are 4 and 100 ug/L, respectively. Half of 

these values are 7 .5, 2, and 50 ug/L, respectively. The mean concentrations of lead, cadmium, and 

nickel in MW-3 were 3.3, 1.53, and 40 ug/L, respectively. But we want a 95 percent confidence 

level, so we use the equation (see Section 2.2.1): 

The standard deviations (cr) for these data are 0.602, 0.263, and 3.92 for lead, cadmium, and nickel, 

respectively. The means were 3.3, 1.53, and 40 ug/L, with a sample size (n) of 4. The !-value for 

three degrees of freedom (n-1) at a probability of 0.05 (remember we are interested in just the upper 
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tail of the distribution) is 3.182. The resulting values for Care 4.26, 1.95, and 46.2 ug/L for lead, 

cadmium, and nickel, respectively. These are below the target values and ifwe assume the 

concentration in the wells will not increase with time, there will be no need for cleanup or long-term 

monitoring of ground water. 

d) The upper confidence limits are close to the target values, particularly for cadmium. Ifwe are unsure 

about the assumption that the plume is stable (i.e., concentrations will not increase with time), we 

may wish to assess the natural attenuation capability of the aquifer. Since the soil has been cleaned 

up to levels which should be protective of ground water, we can eliminate the soil leaching pathway. 

Lead and nickel were both placed into Group II in Figure 3. Concentrations of these chemicals in 

equilibrium with ground water will be below levels of concern unless the pH of ground water is less 

than about six. Cadmium was placed into Group III in Figure 3. Cadmium in equilibrium with 

minerals at Eh values greater than about -100 m V will exceed the drinking water criteria. 

Attenuation of cadmium will be greatest in low ionic strength ground water with high organic matter 

or iron concentrations and pH greater than about seven. Under these conditions, cadmium will be 

strongly sorbed to organic matter. 

e) If there is uncertainty about the stability of the plume, either long-term monitoring can be conducted 

at MW-3 or a natural attenuation study can be conducted. A long-term monitoring program would 

include quarterly sampling for a period of at least four years. If no upward trend in concentration is 

demonstrated, the plume can be considered stable. A natural attenuation study would include 

sampling for total and dissolved organic matter content, pH, total iron, and redox potential. 

Speciation of cadmium would be beneficial to demonstrate adsorption of cadmium to specific 

minerals or organic matter. 

Problem 3. A County Water Planning organization wants to know if increased unsewered development 

with one-half acre lots is going to impact drinking water quality for the town of X whose well field is 

nearby. Town X has three wells completed in the Jordan aquifer at depths of 150 to 200 feet. The 

Prairie· du Chien aquifer overlies the Jordan aquifer and extends from twenty feet below the land surface 

to a depth of about 100 feet. The county has secured funding to conduct a study to assess the impacts 

from unsewered areas. They are in the planning stages of this study. Figure 4 illustrates the location of 

the well field, an existing unsewered development, the proposed development, and some existing Prairie 

du Chien and Jordan aquifer wells. 
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Figure 4: Schematic representation of Problem 3. 
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Solution. The initial goal should be to determine the hydrogeology of the study area and collect ground 

water data from unsewered residential areas within the study area. Water quality from unsewered areas 

can be compared with statewide information from the Prairie du Chien and Jordan aquifers. 

Existing hydrogeologic information can be used to determine the likely depth to water, ground 

water flow direction and gradient, and vertical connectivity of the Prairie du Chien and Jordan aquifers. 

USGS studies, MGS-DNR Atlas information, and County Well Index can be used to establish a 

schematic flow model of the area. Water levels can be measured in wells with known depths to further 

calibrate the flow model. Assume that ground water flows in the direction indicated in Figure 4, that the 

depth to water is about 30 feet, and that the water elevations in the Prairie du Chien and Jordan aquifers 

are about equal. We could then consider the Prairie du Chien and Jordan to be a single aquifer which is 

unconfined. 

A monitoring well network needs to be established to collect the appropriate water quality 

information. Each of the wells indicated in Figure 4 can be incorporated into the network. The wells 

from the well field would be included in the network. All these wells are likely to be screened deeper in 

the aquifer. A shallow monitoring network must be established to determine water quality impacts 

directly beneath the unsewered area. Monitoring wells 1 through 4 are completed in the existing 

unsewered area and are screened at the water table. Monitoring wells 5 and 6 are completed in the 

proposed unsewered area. Locations of the monitoring wells are illustrated in Figure 4. 

All wells would be sampled quarterly for a minimum of four years. Wells 1 through 6 would be 

sampled for nitrate, major cations and anions, trace inorganics, VOCs, and redox parameters. Redox 

parameters include dissolved oxygen, temperature, redox potential, pH, conductivity, dissolved iron and 

manganese, hydrogen sulfide, and methane. The existing wells would be sampled for major anions and 

cations and for redox parameters. The list is reduced for these deeper wells because of cost 
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considerations. If parameters in monitoring wells are at concentrations greater than statewide 

background, the deeper wells could be sampled for these additional parameters. 

The amount of data collected during the initial four years would be quite large and cannot be 

fully discussed in this problem. Assume the most relevant data after four years of sampling are shown in 

Table 14. Assume there was no seasonal or long-term trend in the concentrations. The data in Table 14 

illustrate mean concentrations of the parameters, in ug/L. Even this condensed data represent a 

considerable challenge to analyze. A first step might be to visually examine the distribution of 

concentrations for each parameter, breaking the data into Monitoring wells 1 through 4, Monitoring wells 

5 and 6, Prairie du Chien (PDC) wells 1 through 3, Jordan (J) wells 1 through 3, and the well field wells. 

These plots are illustrated for each parameter in Figures 5 through 7. The data appear to indicate greater 

concentrations of nitrate, chloride, total dissolved solids, dissolved oxygen, greater redox, and lower 

concentrations of iron in the monitoring wells compared to the remaining wells. The well field appears 

to be intermediate between the deeper wells and the monitoring wells. The next step would be to test 

these hypotheses. 
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Table 14: Meari concentrations, in ug/L, of select parameters after four years of quarterly 
sampling. MW= monitoring well; PDC = Prairie du Chien well; J = Jordan well; OPDC = Prairie 
du Chien aquifer; CJDN = Jordan aquifer. 

;,j : 'Nitra!f > ., •••• • ·, .• ChlC>riije • /'11),§ : :< : i¥h+ • ·:,])~~ply~~. 
, .··. , ••••.• ,·. ,···· ,·.••· .. • .•.. ·.·', .· ·•. ' .. ,., ... ·' ... , ... ·.•• ( ,. : .·,·, ,)I: •?l,,., .,. /Ojyg¢11 !;,' 

MWl 23015 31 10012 519586 415 2159 
MW2 21056 39 12519 589741 426 2425 
MW3 16954 27 11497 596415 457 2674 
MW4 18174 26 13917 574251 419 2185 
MW5 3689 28 10986 531486 399 2041 
MW6 3741 39 11364 528475 405 2514 
:PDCl 1294 198 4586 419523 258 991 
PDC2 989 211 5164 409562 264 946 
PDC3 1104 213 5027 413427 251 923 

JI 789 158 1423 301548 204 967 
12 561 169 1512 308624 201 928 
J3 774 187 1097 299854 195 1012 

Well Field 1 1529 99 8914 489452 309 1512 
Well Field 2 1756 85 9614 497458 315 1421 
Well Field 3 1924 109 9147 485765 322 1601 

Statewide mean OPDC 649 225 3448 410472 258 934 
Statewide UCL OPDC 9042 458 6150 457447 300 
Statewide mean CJDN 45 133 1153 299916 195 1072 
Statewide UCL CJDN 3646 8977 1616 346577 276 

Statewide OPDC-CJDN 418 770 2073 219 

MW1-MW4 19800 31 11986 569998 429 2361 
MW5-MW6 3715 34 11175 529981 402 2278 
PDCl -PDC3 1129 207 4926 414171 258 953 

JI - J3 708 171 1344 303342 200 969 
Well Field 1736 98 9225 490892 315 1511 
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Figure 5: Comparison of nitrate and chloride concentrations (ug/L) between different well groups 

20000 

15000 

10000 

Nitrate Chloride 

■MWl-4 

IIIMW5-6 

■PDCl-3 

OJl-3 

■Well field 

Figure 6: Comparison of iron (ug/L), Eh (mY}, and dissolved oxygen (ug/L) between different well 
groups. 
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Figure 7: Comparison of total dissolved solid (ug/L) concentrations between different well groups. 
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Results from the hypothesis tests are illustrated in Table 15. The results confirm that nitrate 

concentrations are greatest in Monitoring wells 1 through 4 and are significantly greater in these wells 

than in any of the deeper well groups (PDC, J, or well field wells). Nitrate concentrations in monitoring 

wells 5 and 6 are greater than concentrations in the PDC and J wells. The well field wells are 

intermediate in concentration. The patterns of concentration for all parameters are similar. Chlorides are 

greater in the monitoring wells than in the deeper wells, with the well field wells being intermediate in 

concentration. Dissolved oxygen, Eh, and total dissolved solids are greater and iron is lower in the 

monitoring wells than in the deeper wells, with the well field wells again being intermediate. We can 

conclude that the shallow portion of the Prairie du Chien aquifer differs from the deeper portion of this 

aquifer and differs from the Jordan aquifer. The municipal wells (well field) have concentrations which 

appear to reflect the shallow and deeper systems, which is not surprising since these are probably high 

capacity wells which pump water from different vertical positions in the Prairie du Chien-Jordan aquifer. 

Table 15: Results of hypothesis tests comparing different well groups. Mean ranks and p-values 
from the hypothesis test are illustrated. LSD represents the least significant difference at which 
mean ranks differ, at a probability of 0.05. 

. ' ' ' ' ' . ... grou.p ' 
MWl-4 2.5 12.9 
MW5-6 5.5 11.8 

PDC wells 11 2 
J wells 14 5 

Well field 8 8 
LSD 3.9 5.3 

p-value < 0.0001 < 0.0001 

Page 134 

< .GJilorlde ••· ' 

3 
4.5 
11 
14 
8 

5.2 
< 0.0001 

2 
5 

10.5 
13.5 

8 
3.9 

< 0.0001 

J)i.ssolved : 
,,i:~xygf!n • 

3 3 
4.5 4 
11 12.8 
14 12 
8 8 

5.2 6.8 
< 0.0001 < 0.0001 
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The next step is to compare the different well groups to the statewide data to determine if the 

shallow system is impacted. Examination of Table 14 reveals that monitoring wells 1 through 4 have 

concentrations of nitrate, chloride, and total dissolved solids greater than the statewide upper 95 percent 

confidence level for the Prairie du Chien aquifer. Eh is also greater than the statewide UCL. The data 

indicate that the upper portion of the aquifer is impacted beneath the existing development and that the 

potential for nitrate to be degraded within this portion of the aquifer is very low, since nitrate will only 

be degraded once oxygen is nearly depleted. The stability field for nitrate occurs at Eh values greater 

than about 50 mV, which is exceeded in the upper portion of the Prairie du Chien aquifer. Nitrate does 

not exceed the statewide UCL in either the well field or monitoring wells 5 and 6, but there is evidence 

of impacts because chloride and total dissolved solid concentrations are greater in the well field and 

monitoring wells 5 and 6 compared to the statewide UCL. Eh is also greater in the well field and 

monitoring wells 5 and 6, indicating lower potential for nitrate degradation in these wells. 

We conclude that unsewered development with 0.5 acre lots impacts shallow ground water and 

may be impacting the well field of city X. Nitrate has not reached levels of concern in the well field, but 

there is sufficient evidence to suggest that expansion of unsewered development in the direction of the 

well field may further degrade water quality in the well field. The data indicate that the nitrate 

attenuation capacity of the well field is impaired, probably because the municipal wells draw water from 

the upper portions of the aquifer. Nitrate is much more stable in the upper portions of the aquifer 

compared to deeper portions. 

Several recommendations can be made. These are described below. 

1. Investigate the potential effects of increasing lot size (for example, to one-acre lots). 

2. Characterize the vertical nitrate attenuation characteristics of the aquifer and make recommendations 

regarding pumping schedules. The objective would be to minimize the amount of draw down from 

the upper portions of the aquifer into the municipal wells. 

3. Limit or alter expansion plans for the unsewered development. 

4. Modify the well field by drilling additional wells or adjusting pumping schedules. 

5. Continue to monitor water quality in the well field. 

6. If the expansion occurs, establish a monitoring network within the newly developed area and include 

down-gradient monitoring in the well field and between the well field and new development. 
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Part V: Additional Products and Future of the Program 

Implementation of the baseline was a comprehensive and energy-intensive endeavor for 

GWMAP. From 1991 through 1995 it consumed nearly all ofGWMAP resources and staff time. 

However, as staff gained experience implementing the program, many parts were streamlined. Also, 

over time, new positions were added, budgets improved, and the program shifted its focus towards 

becoming a more comprehensive program that includes more than the baseline work. Thus, GWMAP 

began assessing how to address local ground water information needs which were not yet being met. 

5.1 Development of Special Studies/Program Design 

Since 1996, when the-last baseline samples were collected, the program has begun to branch out 

into other types of monitoring work. Ambient monitoring will continue, but smaller scale assessments of 

regional or local ground water quality will be the main focus of the program and will assess how well 

Minnesota's ground water resources are being protected. These studies are either designed to address 

problems that we know exist in certain regions, or designed to assess the effectiveness of certain 

management practices. The information that results from these studies will be directed towards planners 

and water resource managers who can best use the information to make decisions to protect ground water 

supplies. The flowchart in Figure 8 illustrates the relationships between these different components. 

Figure 8: Flowchart illustrating the different components of GWMAP. 

BASELINE ASSESSMENT 
Established ambient water quality in Minnesota's principal aquifers 

problem chemicals in / 
principal aquifers / 

problen chemicals in 
geographic areas 

AMBIENT 
• fixed station networks 
• trend investigations 
• quantify variability 
• large scale 

PROBLEM INVESTIGATION 
• single sample and fixed station 

---· • quantify problem magnitude 
• identify trends; cause-and-effect 
• small scale but widespread application 

which p"oblems 
require 1ttention 

"- factors affecting chemical 
~ distribution 

EFFECTIVENESS MONITORING 
• fixed station 
• response to management 
• small or large scale with 

widespread application 
• fate and transport 

which mana! ement tools 
are effective 

WATER RESOURCE MANAGEMENT 
Provide water resource managers with information which allows them to make 

decisions which minimize risk to human and ecological receptors 
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At the time this report goes to press, two studies are being implemented by GWMAP to address 

gaps in ground water information. The larger of these studies, called "Understanding the Effects of Land 

Use on Ground Water Quality in Surficial Sand and Gravel Aquifers," was initiated in 1996 to evaluate 

the unknown impacts of dramatic growth in some Minnesota communities on ground water quality. The 

study location is the St. Cloud area of Stearns County. This area was chosen because it contained sandy 

soils, a shallow water table, and rapid, variable development patterns. This combination of factors is not 

unique to the St. Cloud area; thus the information should be useful to other similar communities across 

the state. The main objectives of this study are to determine if and why water quality differs beneath 

different land uses and to evaluate if impacts reach human or ecological receptors. This study fits the 

criteria for a problem investigation study as illustrated in Figure 8, and has also relied on previously 

collected ground water quality information on the Anoka Sand Plain aquifer, as well as the baseline 

database. The baseline data has been used together with more local data to establish geochemical 

"norms" for this aquifer to which the data from the land-use study can be compared to help assess the 

magnitude of human impacts on the ground water quality. 

Also underway is a smaller scale study to monitor the effectiveness of a permitted manure 

management facility. The farm being studied has recently improved its animal confinement and manure 

containment systems. These are being monitored to see if the new system is adequate to protect shallow 

ground water. This work is in the central sand plain of Minnesota where sandy soils and a shallow water 

table make impacts to ground water a potential concern. Here, as in the land use study, the baseline data 

is used as one gauge by which to measure any variances in the quality of the water at the top of a 

surficial aquifer as compared to the aquifer as a whole. 

GWMAP hopes to begin new studies each year to continue to address the needs for localized 

ground water information. Ideally, new studies need to be problem investigation or effectiveness 

monitoring projects with regional applicability. They need to have application to decisions that the 

MPCA is facing, and they need to address relevant concerns of members of the community. 

5.2 Additional GWMAP Services 

GWMAP has been available to provide technical assistance on ground water issues to all levels 

of government and the consulting community, and this continues. Moreover, new efforts are being made 

to be more customer-friendly and provide more comprehensive information with responses to requests. 

Some of the examples in Part IV reflect our expectation that the interpreted information provided by this 

report will aid in better answering many questions where ambient ground water quality information can 
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be a problem-solving tool. Not all users will become intimately familiar with all aspects of our program, 

so we would like to encourage others to talk with GWMAP staff individually so we can assist in your use 

of this data set. The program is committed to providing this kind of support. Recently we have provided 

information to a variety of colleagues and programs with local, state or nationwide perspectives. For 

examples see the table below. 

Table 16: GWMAP Data Usage by Other Programs 

USGS/NAQWA 
MGS/MDH 

MOH 
DNR Atlas Program 

Individual counties 

5.3 Data and Interpretation 

lQ"'71\IAP'))~taiIJsedl 
VOC Retrospective VOC Data for Metro Area 
Occurrence of Arsenic in MN Statewide Arsenic Data 
Ground Water 
Statewide Nitrate 
Varimis Regional General Chemistry, Tritium 
Assessments 
County Assessments Nutrients 

In addition to providing baseline data and technical guidance, GWMAP is producing 

information on how to apply the data to actual problems involving natural resource management. 

Interpretive reports are peer reviewed and once comments are addressed, the report is finalized. One of 

the MPCA' s key strategies is to use measured environmental outcomes to inform and drive land 

management decision-making, and GWMAP will be part of that effort. 

Other interpretive tools that GWMAP can make accessible are GIS-generated maps of relevant 

data. Visually displayed data in a map is often an excellent tool because it allows users to process 

information quickly. Additional services include reports that further assess results from the baseline 

assessment or from our localized special studies. 

GWMAP also has the capability to develop ground water models or simulations to predict 

possible scenarios. These capabilities would utilize baseline information in addition to other relevant 

datasets. These simulations can use what is known about the hydrologic system and can predict the 

potential impacts of development scenarios or other factors. Risk assessments can also be developed as a 

tool to aid in decision making through better understanding of how measured impacts to an aquifer might 

be relevant to human or ecological receptors using that aquifer. 
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5.4 Program Improvements 

As the focus of GWMAP's work shifts, some changes will be necessary in study design, 

collection and analysis of data, and products delivered to the ground water community. Some of these 

changes include the following, many of which are pertinent to monitoring and assessment by others. 

1. Rigorous geologic screening of wells will be conducted prior to well selection because development 

of conceptual geologic and hydrologic models will be essential to studies involving problem 

investigation and effectiveness monitoring. The objective of well screening is not only to ensure 

accurate interpretation of the well log but selection of wells which will help better understand local 

geology and hydrology. 

2. The following factors can be characterized and included as fields in the database: 

• dominant land use within a one mile radius of the well; 

• predominant regional flow direction, in degrees; 

• location (in degrees) of and distance of wellhead from visible point and non-point sources of 

contaminants; 

• cumulative thickness of confining units; 

• surface watershed the well is located in; and 

• water elevation. 

3. Quality assurance analysis will be conducted within two weeks of receiving; laboratory results for 

each sample batch. Many GWMAP studies will now utilize quarterly sampling and it is important to 

quickly identify the need for re-sampling a well or flagging data. 

4. Sampling more than once from fixed-station networks requires consideration of serial effects. For 

baseline networks in Minnesota, sampling should be conducted between June 1 and June 30 for 

spring and November 1 and November 30 for autumn. For fixed-station networks, sampling events 

should be conducted two weeks either side of the following dates: 

• Winter - March 15; 

• Spring - May 15; 

• Summer - August 31; and 

• Autumn - November 1. 

5. Annual summary reports will be prepared during the course of a· study. 

6. Oxidation-reduction conditions will be characterized for each well when the chemical parameters of 

concern are redox-sensitive. Parameters which will be sampled to characterize redox conditions 

include: 
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• field measurement of dissolved oxygen, alkalinity, oxidation-reduction potential, 

temperature, and pH; 

March 1998 

• laboratory analysis of dissolved iron and manganese, nitrate, sulfate, bicarbonate, and 

chloride; 

• in environments suspected to be strongly reducing, field or laboratory analysis of hydrogen 

sulfide, methane, nitrite, and possibly dissolved hydrogen; 

• laboratory analysis of total and dissolved organic carbon; and 

• field notes ifthere is a strong hydrogen sulfide odor to the water, discoloration due to iron or 

manganese, or excessive bubbling in the flow through cell, since these are conditions which 

are likely to occur in many of the studies GWMAP is now undertaking. 

7. Special studies conducted by GWMAP will require additional sampling of parameters. Examples are 

presented below. 

• For nitrogen studies, ammonia and total Kjeldahl nitrogen should be included in laboratory 

analysis. 

• For land use studies, pesticide lists will vary. Base-neutral pesticides should be sampled in 

agricultural areas and in locations where weed control is practiced in right-of-ways. In 

established urban areas (greater than ten years age), acid pesticides should be sampled. In 

newly established urban areas, both pesticide groups should be sampled. 

8. GWMAP will need to make greater efforts to work with other ground water groups. Communication 

with these and other groups may be achieved through the following: 

• establish cooperative studies (for example, the Isanti County feedlot study involves 

GWMAP, MPCA's feedlot program, and the Isanti County area Soil and Water Conservation 

groups); 

• co-authoring papers with other ground water groups; 

• improving access to data; 

• producing reports in a more timely manner; and 

• improving outreach efforts, including distributing fact sheets or newsletters, providing 

demonstrations, conducting seminars or community meetings, and sharing technical 

expertise. 
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APPENDIX A 



Technical Specifications for the 
Handheld Global Positioning System (GPS) 

Manufacturer: Trimble Navigation, Ltd. 
645 North Mary Avenue 
PO Box 3642 
Sunnyvale, California 94088 
1-800-827-8000 

Model: GPS Pathfinder (™) Basic Plus 

Receiver: 6-channel parallel/sequential; tracks up to 8 satellites, Ll/CA code 

Size: 6.5" x 7.0" x 2.0" 

Weight: 4.2 lbs., with rechargable battery 

Power: 8.4V rechargable NiCad battery; vehicle cigarette lighter adapter 

Operating temperature: -20 to 140 degrees F 

_Software: PFINDER (™) differential correction post-processing software (5 meter accuracy) 
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Sample Bottle Descriptions 

General Chemistry 

Anions 

500 ml HDPE Level II cleaned bottle 
no preservative, refrigerate 
analyses: solids-suspended and dissolved, specific conductance, sulfate 

250 ml Clear HDPE Level II cleaned bottle with blue cap 
preservative: sulfuric acid 5 mis or 2 full droppers, refrigerate 
analyses: nitrate, phosphate, fluoride, bromide 

Cations 
250 ml Clear HDPE Level II cleaned bottle with white cap 
preservative: nitric acid, 5 mis or 2 full droppers, refrigerate 
analyses: metals 

TOC (Total Organic Carbon) 
20 ml glass vial 
preservative: phosphoric acid, 8 drops, refrigerate 

VOC (Volatile Organic Compounds) 
three glass vials per sample 
preservative: hydrochloric acid, 2 drops, refrigerate 
analyses: voes, MDH code 465 
Note: Keep sets together and deliver to lab within 2 weeks of date on trip blank 

Tritium 
500 ml HDPE Level II cleaned bottle with blue cap 
no preservative 
analyses: tritium, age dating (selected samples) 

Pesticides 
1000 ml Amber glass bottle 
preservative: refrigerate 
analyses: pesticide - Dept. Of Agriculture (selected samples) 
Note: Seven day shelf life. Deliver weekly 

All plastic bottles are purchased pre-cleaned at EPA Level II standards. voe vials come pre-cleaned 
from the Department of Health Lab. 
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Table C.1: Inorganic Chemistry Measured at the University of Minnesota Research Analytical 
Laboratory and Years Analyzed. 

Alkalinity ( field and lab) 92-96 Nitrate 92-96 
Aluminum 92-96 Orthophosphate 92-96 
Antimony 92-96 Oxidation-reduction potential (field) 92-96 
Arsenic 92-96 pH (field) 92-96 
Barium 92-96 Phosphorus 92-96 
Beryllium 92-96 Phosphate 92-96 
Bismuth 95-96 Potassium 92-96 
Boron 92-96 Rubidium 92-96 
Bromide 92-96 Selenium 92-96 
Cadmium 92-96 Silica 92-96 
Calcium 92-96 Silver 92-96 
Cesium 95-96 Sodium 92-96 
Chloride 92-96 Specific conductivity ( field and lab) 92-96 
Chromium 92-96 Strontium 92-96· 
Cobalt 92-96 Sulfate 92-96 
Copper 92-96 Sulfur 92-96 
Dissolved Oxygen (field) 92-96 Temperature (field) 92-96 
Fluoride 92-96 Thallium 92-96 
Iron 92-96 Tin 95-96 
Lead 92-96 Titanium 92-96 
Lithium 92-96 Total dissolved solids 92-96 
Magnesium 92-96 Total organic carbon 92-96 
Manganese 92-96 Total suspended solids 92-96 
Mercury 92-94 Vanadium 92-96 
Molybdenum 92-96 Zinc 92-96 
Nickel 92-96 Zirconium 95-96 

All metals. reported as total, unfiltered. 

1Tritium was analyzed on selected samples at the University of Waterloo, Canada, laboratory. 
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Table C.2 : Volatile Organic Compounds Measured at the Minnesota Department of Health 
Laboratory. 

Dichlorodifluoromethane 
Vinyl Chloride 
Chloroethane 
Trichlorofluoromethane 
1, 1-dichloroethane 
1, 1-dichloroethene 
C-1,2 dichloroethene 
Bromochloromethane 
1,2-dichloropropane 
1, 1-dichloropropene 
1,2-dichloroethane 
Dibromomethane 
T-1,2-dichloropropene 
1,3-dichloropropane 
Chlorodibromomethane 
Chlorobenzene 
Bromoform 
1,2,3-trichloropropane 
2-chlorotoluene 
1,3-dichlorobenzene 
1,2-dichlorobenzene 
1,2,4-trichlorobenzene 
1,2,3-trichlorobenzene 
Acetone 
Methyl ethyl ketone 
Benzene 
Toluene 
M+P-xylene 
Styrene 
N-propyl Benzene 
Tert-butyl Benzene 
Chloromethane 
Brom om ethane 
Methylene chloride 
Naphthalene 

C-2 

Dichlorofluoromethane 
Trichlorotrifluoroethane 
Allyl Chloride 
T-1,2-dichloroethene 
2,2-dichloropropane 
Chloroform 
1, 1, I -trichloroethane 
Carbon Tetrachloride 
Trichloroethene 
Bromodichloromethane 
C-1,3-dichloropropene 
1, 1,2-trichloroethane 
tetrachloroethene 
1,2-dibromoethane 
1, 1, 1,2-tetrachloroethane 
1, 1,2,2-tetrachloroethane 
Bromobenzene 
4-chlorotoluene 
1,4-dichlorobenzene 
1,2-dibromo-3-chloropropane 
Hexachlorobutadiene 
Ethyl Ether 
Methyl tertiary-butyl ether 
Tetrahydrofuran 
Methyl isobutyl ketone 
Ethyl Benzene 
O-xylene 
Isopropyl Benzene 
1,3 ,5-trimethylbenzene 
1,2,4-trimethylbenzene 
Sec-buty I benzene 
N-butylbenzene 
P-isopropyltoluene 



APPENDIXD 



D.l. 
D.2. 
D.3. 
D.4. 
D.S. 

D.6. 
D.7. 
D.8. 
D.9. 
D.10. 
D.11. 
D.12. 
D.13. 
D.14. 
D.15. 
D.16. 
D.17. 
D.18. 
D.19. 
D.20. 
D.21. 
D.22. 
D.23. 
D.24. 
D.25. 
D.26. 
D.27. 
D.28. 
D.29. 
D.30. 
D.31. 
D.32. 
D.33. 
D.34. 
D.35. 
D.36. 
D.37. 
D38. 
D.39. 
D.40. 
D.41. 
D.42. 
D.43. 
D.44. 
D.45. 

List of Tables 

QA/QC summary for charge balance, TDS, and SC relationships. 
Ratios' illustrating distribution of major ions. 
Comparison of laboratory duplicates with field samples. Values are relative percent difference. 
Comparison of field primary and duplicate samples. Values are relative percent difference. 
Summary information for all chemical parameters. Censoring values were established just below 
the maximum reporting limit. 
Descriptive statistics for the Franconia-Ironton-Galesville Formation (CFIG). 
Descriptive statistics for the Franconia Formation (CFRN). 
Descriptive statistics for the Ironton-Galesville Formation (CIGL). 
Descriptive statistics for the Jordan Sandstone (CJDN). 
Descriptive statistics for the Mount Simon-Hinckley Formation (CMSH) 
Descriptive statistics for the Mount Simon Formation (CMTS) 
Descriptive statistics for the St. Lawrence-Franconia Formation (CSLF). 
Descriptive statistics for the St. Lawrence Formation (CSTL). 
Descriptive statistics for the Cedar Valley Formation (DCVA). 
Descriptive statistics for Cretaceous Sandstones (KRET). 
Descriptive statistics for the Galena Formation (OGAL). 
Descriptive statistics for the Maquoketa Formation (OMAQ). 
Descriptive statistics for the Prairie du Chien Group (OPDC). 
Descriptive statistics for the Plateville Limestone (OPVL). 
Descriptive statistics for the St. Peter-Prairie du Chien Formation (OSPC). 
Descriptive statistics for the St. Peter Sandstone (OSTP). 
Descriptive statistics for undifferentiated Precambrian formations (PCCR). 
Descriptive statistics for undifferentiated Precambrian crystalline formations (PCUU). 
Descriptive statistics for the Biwabik Iron Formation (PEBI). 
Descriptive statistics for Duluth Complex (PMDC). 
Descriptive statistics for the Mount Simon-Fon du Lac Formation (PMFL). 
Descriptive statistics for the Mount Simon-Hinckley Formation (PMHN). 
Descriptive statistics for the North Shore Volcanics group (PMNS). 
Descriptive statistics for the Sioux Quartzite (PMSX). 
Descriptive statistics for undifferentiated Proterozoic Metasedimentary units (PMUD). 
Descriptive statistics for buried Quaternary artesian aquifers (QBAA). 
Descriptive statistics for unconfined buried Quaternary aquifers (QBUA). 
Descriptive statistics for buried undifferentiated Quaternary aquifers (QBUU). 
Descriptive statistics for unconfined, undifferentiated Quaternary aquifers (QUUU). 
Descriptive statistics for Quaternary water table aquifers (QWTA). 
Descriptive statistics for Cambrian aquifer group. 
Descriptive statistics for Ordovician aquifer group. 
Descriptive statistics for Precambrian aquifer group. 
Descriptive statistics for buried Quaternary aquifer group. 
Descriptive statistics for surficial Quaternary aquifer group. 
Descriptive statistics for CFIG-CFRN-CIGL aquifers. 
Descriptive statistics for OSTP-OPDC-CJDN aquifers. 
Descriptive statistics for CMSH-CMTS-PMHN aquifers. 
Descriptive statistics for Upper Carbonate aquifers. 
Standard deviations and sample size for parameters which had a normal or log-normal b 

distribution. 

D-1 



D.46. Slopes and intercepts from Helsel' s robust method. All regression coefficients are applied to 
concentrations of ug/L. 

D.47. Mean ranks using Kruskal-Wallis test, by chemical and aquifer subgroup. The null hypothesis 
was concentrations of individual chemicals did not differ by aquifer group. The null hypothesis 
is generally rejected if the p-value is less than 0.05. . 

D.48. Mean ranks using Kruskal-Wallis test, by chemical and aquifer age group. The null hypothesis 
was concentrations of individual chemicals did not differ by aquifer group. The null hypothesis 
is generally rejected if the p-value is less than 0.05. 

D .49. Mean ranks using Kruskal-Wallis test, by chemical and aquifer hydro logic group. The null 
hypothesis was concentrations of individual chemicals did not differ by aquifer group. The null 
hypothesis is generally rejected if the p-value is less than 0.05. 

D.50. Mean ranks using Kruskal-Wallis test, by chemical and well diameter. The null hypothesis was 
concentrations of individual chemicals did not differ by well diameter. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

D.51. Mean ranks using Kruskal-Wallis test, by chemical and well·diameter for the Cambrian group. 
The null hypothesis was concentrations of individual chemicals did not differ by well diameter. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.52. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Devonian group. 
The null hypothesis was concentrations of individual chemicals did not differ by well diameter. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.53. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Cretaceous group. 
The null hypothesis was concentrations of individual chemicals did not differ by well diameter. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.54. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Ordovician group. 
The null hypothesis was concentrations of individual chemicals did not differ by well diameter. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.55. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Precambrian group. 
The null hypothesis was concentrations of individual chemicals did not differ by well diameter. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

D .5 6. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the buried Quaternary 
group. The null hypothesis was concentrations of individual chemicals did not differ by well 
diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.57. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the surficial 
Quaternary group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.58. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the CFIG-CFRN-CIGL 
group. The null hypothesis was concentrations of individual chemicals did not differ by well 
diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.59. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the OSTP-OPDC
CJDN group. The null hypothesis was concentrations of individual chemicals did not differ by 
well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.60. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the CMSH-CMTS
PMHN group. The null hypothesis was concentrations of individual chemicals did not differ by 
well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.61. Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Upper Carbonate 
group. The null hypothesis was concentrations of individual chemicals did not differ by well 
diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D-2 



D.62. Mean ranks using Mann-Whitney test comparing concentrations of individual chemicals in wells 
containing a detectable volatile organic compound (VOC) and those without a detected VOC. 
The null hypothesis was concentrations of individual chemicals did not differ between wells with 
and without a VOC detected. The null hypothesis is generally rejected if the p-value is less than 
0.05. 

D.63. Summary of significant results comparing water quality parameter concentrations in wells with 
and without a VOC detection. 

D.64. Mean ranks using Mann-Whitney test comparing concentrations of individual chemicals in wells 
containing detectable tritium and those with no tritium detected. The null hypothesis was 
concentrations of individual chemicals did not differ between wells with or without detectable 
tritium. The null hypothesis is generally rejected if the p-value is less than 0.05. 

D.65. Summary of significant results comparing water quality parameter concentrations in wells with 
and without detectable tritium. 

D.66. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Cambrian wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.67. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Devonian wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.68. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Cretaceous wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D .69. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Ordovician wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.70. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Precambrian wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.71. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
buried Quaternary wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.72. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
surficial Quaternary wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally 
rejected if the p-value is less than 0.05. 

D.73. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
CFIG-CFRN-CIGL wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally 
rejected if the p-value is ~ess than 0.05. 

D.74. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
OSTP-OPDC-OSTP wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally 
rejected if the p-value is less than 0.05. 

D-3 



D.75. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
CMSH-CMTS-PMHN wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

D.76. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Upper Carbonate wells for different sampling years. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

D.77. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Cambrian wells for different sampling months. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling month. The null hypothesis is generally rejected 
if the p-value is less than 0.05. 

D.78. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Devonian wells for different sampling months. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling month. The null hypothesis is generally rejected 
if the p-value is less than 0.05. 

D. 79. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals-in 
Cretaceous wells for different sampling months. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling month. The null hypothesis is generally rejected 
if the p-value is less than 0.05. 

D.80. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Ordovician wells for different sampling months. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling month. The null hypothesis is generally rejected 
if the p-value is less than 0.05. 

D.81. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Precambrian wells for different sampling months. The null hypothesis was concentrations of 
individual chemicals did not differ by sampling month. The null hypothesis is generally rejected 
if the p-value is less than 0.05. 

D.82. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
buried Quaternary wells for different sampling months. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling month. The null hypothesis is generally 
rejected if the p-value is less than 0.05. 

D.83. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
surficial Quaternary wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

D .84. Mean ranks using Kruskal-W allis test comparing concentrations of individual chemicals in 
CFIG-CFRN-CIGL wells for different sampling months. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling month. The null hypothesis is generally 
rejected if the p-value is less than 0.05. 

D.85. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
OSTP-OPDC-CJDN wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

D.86. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
CMSH-CMTS-PMHN wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

D-4 



D.87. Mean ranks using Kruskal-Wallis test comparing concentrations of individual chemicals in 
Upper Carbonate wells for different sampling months. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling month. The null hypothesis is generally 
rejected if the p-value is less than 0.05. 

D.88. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the Cambrian aquifer group. 

D.89. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the Devonian aquifer group. 

D.90. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the Cretaceous aquifer group. 

D .91. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the Ordovician aquifer group. 

D.92. Correlation coefficients between chemical parameters and. well depth, static water level, and 
UTM coordinates, for the Precambrian aquifer group. 

D.93. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the buried Quaternary aquifer group. 

D.94. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the surficial Quaternary aquifer group. 

D.95. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the CFIG-CFRN-CIGL aquifer group. 

D.96. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the OSTP-OPDC-CJDN aquifer group. 

D.97. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the CMSH-CMTS-PMHN aquifer group. 

D.98. Correlation coefficients between chemical parameters and well depth, static water level, and 
UTM coordinates, for the Upper Carbonate aquifer group. 

D.99. Correlation coefficients between chemical parameters and dissolved oxygen, iron, manganese, 
and oxidation-reduction potential for the Cambrian aquifer group. 

D.100. Correlation coefficients between chemical parameters and dissolved oxygen, iron, manganese, 
and oxidation-reduction potential for the Devonian aquifer group. 

D.101. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the Cretaceous aquifer group. 

D.102. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the Ordovician aquifer group. 

D .103. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the Precambrian aquifer group. 

D.104. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the buried Quaternary aquifer group. 

D.105. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the surficial Quaternary aquifer group. 

D.106. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the CFIG-CFRN-CIGL aquifer group. 

D.107. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the OSTP-OPDC-CJDN aquifer group. 

D.108. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the CMSH-CMTS-PMHN aquifer group. 

D.109. Correlation coefficients between chemical parameters dissolved oxygen, iron, manganese, and 
oxidation-reduction potential, for the Upper Carbonate aquifer group. 

D-5 



D .110. Summary of the number and sign of significant correlations, by chemical parameter, for age
based aquifer groups, for dissolved oxygen, iron, manganese, and redox potential. The average 
score is equal to (iron+ manganese - dissolved oxygen - redox)/n. 

D.111. Summary of water quality criteria, basis of criteria, and endpoints, by chemical parameter. 
D.l 12. Summary of water quality exceedances for each cpemical parameter, by aquifer and aquifer 

group. 
D.113. Median background hazard indices for target endpoints, by aquifer group. 
D.l 14. Estimate of percent of samples exceeding a hazard index of 1.0. 
D .115. Assumed concentrations for solubility calculations. Concentrations represent the median 

concentration for all data. Standard deviations are for the entire data set. 
D.l 16. Concentrations of chemicals in igneous rocks, various sedimentary rocks, soil, and air. 

Concentrations are in mg/kg (ppm) except for air. 
D.117. Summary ofVOC detections by aquifer and aquifer group. 
D.118. Summary ofVOC detections by chemical class. 
D .119. Summary of chemical parameters and other factors which differed significantly between wells 

containing a detectable non-halogenated aromatic compound compared to wells with no 
detectable VOC. "-" represents a concentration or value for the parameter was lower in wells 
with the detectable VOC; "+" represents a concentration or value for the parameter was greater 
in wells with the detectable VOC. 

D.120. Summary of chemical parameters and other factors which differed significantly between wells 
containing a detectable halogenated aliphatic compound compared to wells with no detectable 
VOC. "-" represents a concentration or value for the parameter was lower in wells with the 
detectable VOC; "+" represents a concentration or value for the parameter was greater in wells 
with the detectable VOC. 

D .121. Summary of chemical parameters and other factors which differed significantly between wells 
containing a detectable trihalomethane compound compared to wells with no detectable VOC. 
"-" represents a concentration or value for the parameter was lower in wells with the detectable 
VOC; "+" represents a concentration or value for the parameter was greater in wells with the 
detectable VOC. 

D.122. Summary of chemical parameters and other factors which differed significantly between wells 
containing a detectable chlorofluorocarbon compound compared to wells with no detectable 
VOC. "-" represents a concentration or value for the parameter was lower in wells with the 
detectable VOC; "+" represents a concentration or value for the parameter was greater in wells 
with the detectable VOC. 

D .123. Summary of chemical parameters and other factors which differed significantly between wells 
containing a detectable ketone or aldehyde compound compared to wells with no detectable 
VOC. "-" represents ·a concentration or value for the parameter was lower in wells with the 
detectable VOC; "+" represents a concentration or value for the parameter was greater in wells 
with the detectable VOC. 

D.124. Summary of chemical parameters and other factors which differed significantly between wells 
containing a detectable ether compound compared to wells with no detectable VOC. "-" 
represents a concentration or value for the parameter was lower in wells with the detectable 
VOC; "+" represents a concentration or value for the parameter was greater in wells with the 
detectable VOC. 

D.125. Summary ofVOC exceedances of the HRL. 

D-6 



Table D.1.: QA/QC summary for charge balance, TDS, and SC relationships. 

Samples Mean ... >·· .... .. 
</ ... 

< ..... /..... : ,· ~x.ce~cii~ff •c~arge .. 
! ,··, .''": .... : .. ·.·.•·;; 

Aq11ifer o.- .f\.quifer • 10o/o ch~rgf : ba,J~~c~ (o/o); ·•·· ........ 
: .. _::. ... _ .. 

I• •· <Gro11p balan¢e ( 04,) 1.,·: 1.11:-..1;,,,;t_: 
- ·( )1-,"':a""n.,gyJ~l <: 

\ ... , . 
CFIG 20.0 8.9 0.61 0 
CFRN 3.7 2.5 0.61 5 
CIGL 25.0 4.4 0.62 1 
CJDN 12.9 3.7 0.61 7 
CMSH 30.0 7.5 0.72 8 
CMTS 0.0 3.2 0.59 2 
CSLH 50.0 6.9 0.66 0 
CSTL 0.0 4.7 0.64 1 
DCVA 0.0 0.2 0.59 1 
KRET 74.4 19.5 0.76 22 
OGAL 18.2 4.0 0.58 9 
OMAQ 0.0 5.7 ins"' 0 
OPDC 11.1 4.6 0.61 5 
OPVL 0.0 4.0 0.57 0 
OSPC 0.0 4.0 0.72 0 
OSTP 13.0 5.8 0.59 2 
PCCR 11.5 5.0 0.67 6 
PCUU 66.7 14.8 0.84 2 
PEBI 100.0 16.2 ins 0 
PMDC 0.0 -2.6 ins 0 
PMFL 0.0 3.4 0.63 0 
PMHN 0.0 1.1 0.61 0 
PMNS 18.8 6.3 0.65 4 
PMSX 50.0 24.3 0.79 2 
PMUD 4.8 3.6 0.63 7 
QBAA 30.6 8.2 0.69 150 
QBUA 23.1 5.1 0.66 33 
QBUU 40.9 12.3 0.70 8 
QUUU 75.0 22.7 0.80 2 
QWTA 9.3 4.4 0.67 36 
Cambrian 13.7 4.2 0.61 24 
Ordovician 12.6 4.8 0.61 16 
Precambrian 16.7 6.1 0.66 21 
Buried Quaternary 29.2 7.8 0.71 191 
Surficial Quaternary 11.5 5.0 0.69 34 
CFIG-CFRN-CIGL 10.0 3.7 0.61 6 
OSTP-OPDC-CJDN 12.2 4.6 0.61 14 
CMSH-CMTS-PMHN 11.5 4.6 0.61 10 
Upper Carbonate 11.1 2.9 0.58 4 

. All wells 23.8 6.9 0.68 290 
Year of Sampling 
1992 7.7 1.9 0.55 13 
1993 45.0 12.5 0.69 80 
1994 28.5 7.2 0.69 44 
1995 14.9 4.4 0.70 148 
1996 9.2 5.0 0.63 5 
1 Number of samples exceeding 0.75 or less than 0.55 for the ratio ofTDS to SC 
2 Number of samples exceeding 50 or less than 150 for the ratio of SC to the sum of meq of cations 
3 ins = insufficient sample size 
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•· ~Gf(su~ 
meq:c11ti@s) 

82.3 
90.3 
86.9 
89.7 
90.9 
90.8 
90.5 
81.2 
92.0 
83.9 
92.1 
ins 
91.3 
86.4 
90.4 
90.9 
91.1 
85.8 
ins 
ins 
91.3 

101.8 
92.0 
86.4 
92.6 
85.4 
89.5 
85.2 
84.9 
89.4 
87.6 
89.6 
91.5 
84.3 
88.1 
87.5 
90.7 
91.2 
92.0 
86.4 

85.8 
83.4 
89.8 
77.3 
90.9 

;·•· 
< . ..... ·, 

.. 
; .. 

A,if•hf' :: 
1• .-cc _, ~t >: 1 >rani 

0 
2 
0 
2 
2 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
4 
1 
0 
0 
0 
0 
0 
0 
2 

35 
4 
2 
0 

IO 
6 
1 
7 

41 
10 
2 
3 
2 
0 

67 

4 
13 
3 

47 
0 



Table D.2.: Ratios illustrating distribution of major ions. 

. . .. ·Aqgi.f~r 9r ..... ' > l\1g/(l\'.fg4- Ca) ( > N'a!(N.a;fCIJ:•• 
... 

••• Q~/(C:~' +<$,()4):; / •·· ·•··· ·• ~~f'N;tl ... . . 
,. , Aquifer Groµp • .. Median % >W.40 ' •.• :1v1eaian. \ >:"% "( O~SO' •• iMedia.n • •· :t.%'Hfo~soT· ' :1\1ediai({' l>o/c;:> .• O~Z() :; ' .. 

CFIG 0.28 0.0 0.89 0.0 0.80 0.0 0.27 80.0 
CFRN 0.30 0.0 0.84 18.5 0.91 0.0 0.29 59.3 
CIGL 0.26 0.0 0.84 0.0 0.90 0.0 0.20 50.0 
CJDN 0.28 0.0 0.78 16.1 0.93 0.0 0.23 61.3 
CMSH 0.25 0.0 0.64 10.0 0.94 0.0 0.22 90.0 
CMTS 0.26 0.0 0.89 23.l 0.95 0.0 0.16 38.5 
CSLH 0.24 0.0 0.48 50.0 0.82 0.0 0.24 75.0 
CSTL 0.28 0.0 0.95 0.0 0.88 0.0 0.15 50.0 
DCVA 0.23 0.0 0.94 0.0 0.97 0.0 0.15 20.0 
KRET 0.25 0.0 0.91 10.3 0.56 30.8 0.08 10.3 
OGAL 0.24 0.0 0.96 18.2 0.90 4.5 0.10 13.6 
OMAQ ins 1 0.0 ins 100.0 ins 0.0 ins 100.0 
OPDC 0.26 2.8 0.48 52.8 0.91 0.0 0.23 58.3 
OPVL 0.32 33.3 0.34 66.7 0.95 0.0 0.28 100.0 
OSPC 0.26 0.0 • 0.48 50.0 0.91 0.0 0.33 100.0 
OSTP 0.25 0.0 0.77 26.l 0.91 0.0 0.30 87.0 
PCCR 0.26 11.5 0.86 11.5 0.92 7.7 0.13 30.8 
PCUU 0.26 0.0 0.93 0.0 0.64 33.3 0.09 0.0 
PEBI ins 0.0 ins 0.0 ins 0.0 ins 100.0 
PMDC ins 0.0 ins 0.0 ins 0.0 ins 0.0 
PMFL 0.25 0.0 0.82 0.0 0.93 0.0 0.19 0.0 
PMHN 0.26 0.0 0.71 0.0 0.92 0.0 0.13 0.0 
PMNS 0.30 11.8 0.84 11.8 0.89 17.6 0.05 5.9 
PMSX 0.25 0.0 0.92 25.0 0.65 25.0 0.06 0.0 
PMUD 0.27 0.0 0.80 8.7 0.94 8.7 0.13 21.7 
QBAA 0.27 5.7 0.89 12.4 0.90 11.6 0.14 35.l 
QBUA 0.25 1.9 0.59 42.3 0.92 2.9 0.24 61.5 
QBUU 0.26 0.0 0.98 9.1 0.69 9.1 0.14 18.2 
QUUU 0.21 0.0 0.48 50.0 0.57 0.0 0.15 0.0 
QWTA 0.23 4.2 0.49 50.4 0.93 2.5 0.24 61.3 
Cambrian 0.27 0.0 0.82 15.7 0.92 0.0 0.22 60.8 
Ordovician 0.25 2.3 0.72 37.9 0.91 1.1 0.23 57.5 
Precambrian 0.27 6.3 0.85 10.0 0.91 11.3 0.11 18.8 
Buried Quaternary 0.26 4.7 0.87 18.3 0.90 9.7 0.16 39.8 
Surficial Quaternary 0.23 4.1 0.49 50.4 0.92 2.4 0.23 59.3 
CFIG-CFRN-CIGL 0.28 0.0 0.85 12.5 0.91 0.0 0.26 60.0 
OSTP-OPDC-CJDN 0.26 1.1 0.75 33.3 0.91 0.0 0.26 66.7 
CMSH-CMTS-PMHN 0.25 0.0 0.76 15.4 0.95 0.0 0.21 53.8 
Upper Carbonate 0.24 2.8 0.94 19.4 0.93 2.8 0.14 25.0 
All wells 0.26 3.8 0.83 22.7 0.91 7.9 0.17 93.0 
1 ms = msuffictent sample size 
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Table D.3: Comparison of laboratory duplicates with field samples. Values are relative percent difference . 

. 
I• . • Parameter ·.·•· 

. Count No. of common Mean .• .. Median Minm11m ···Maximum Standard 
·. 

... non-detects .. .. • .. : . . ... •. <•. deviation 
Alkalinity 34 - 0.03 0.31 -3.86 4.68 2.33 
Aluminum (Al) 123 17 5.07 1.70 -88.0 77.5 24.1 
Antimony (Sb) 123 24 1.70 0.00 -99.3 66.7 25.7 
Arsenic (As) 123 3 3.27 0.21 -47.2 64.5 15.6 
Barium (Ba) 133 1 1.01 0.06 -5.08 19.7 3.43 
Beryllium (Be) 123 86 4.19 0.00 -50.0 90.0 17.3 
Bismuth (Bi) 46 45 - - - - -
Boron (B) 133 10 -0.56 0.00 -37.2 38.2 8.74 
Bromide (Br) 112 112 - - - - -
Cadmium (Cd) 123 47 -6.95 -6.67 -70.2 62.5 27.2 
Calcium (Ca) 133 - 0.06 -0.07 -2.55 3.67 0.97 
Cesium (Cs) 46 29 4.78 0.00 -6.02 20.0 7.41 
Chloride (Cl) 114 1 -0.25 0.00 -11.6 8.15 2.55 
Chromium (Cr) 123 26 -2.35 -0.68 -58.0 44.4 13.2 
Cobalt (Co) 123 - -0.02 0.46 -73.5 25.9 10.4 
Copper(Cu) 133 45 2.23 1.74 -98.6 76.1 24.3 
Dissolved Oxygen - - - - - - -
Eh - - - - - - -
·Fluoride (F) 112 0.16 0.00 -98.0 29.0 ·10.6 
Iron (Fe) 133 52 -1.10 -0.10 -86.5 821.9 13.8 
Lead (Pb) 123 15 1.02 0.00 -94.3 57.1 17.4 
Lithium (Li) 133 - -2.28 0.00 -93.4 35.4 15.6 
Magnesium (Mg) 133 - 0.02 -0.10 -2.70 3.50 1.03 
Manganese (Mn) 133 5 -0.69 0.00 -99.3 30.0 10.1 
Mercury (Hg) 65 0 1.99 0.99 -16.7 16.1 11.3 
Molybdenum (Mo) 133 36 -0.02 0.00 -99.2 55.6 15.9 
Nickel (Ni) 133 30 -0.78 0.00 -98.7 37.7 18.4 
Nitrate (NO3) 97 79 O.o9 0.00 -7.69 8.00 2.74 
Ortho-phosphate - - - - - - -
pH - - - - - - -
Phosphoru5«,1a1 133 - -0.30 0.00 -92.6 38.3 11.5 
Potassium (K) 133 17 0.20 -0.05 -14.9 29.9 4.77 
Redox - - - - - - -
Rubidium (Rb) 133 112 9.91 9.65 2.19 18.2 6.62 
Selenium (Se) 110 12 0.18 0.00 -20.0 33.3 5.43 
Silcate (Si) 133 - 0.05 -0.05 -3.70 3.38 0.86 
Silver (Ag) - - - - - - -
Sodium (Na) 133 - 0.06 0.03 -4.39 4.90 1.06 
Specific Conductivity 96 - -0.09 0.00 -17.9 6.40 2.17 
Strontium (Sr) 133 - 0.14 0.00 -2.46 5.62 0.95 
Sulfate (SO4) 114 13 -0.41 0.04 -48.4 4.34 5.09 
Sulfur (S) 133 - 0.26 0.04 -17.3 28.4 3.45 
Temperature - - - - - - -
Thallium (Tl) 123 61 4.39 0.00 -33.3 77.8 19.2 
Tin (Sn) 46 4 1.54 0.00 -84.0 69.2 34.6 
Titanium (Ti) - - - - - - -
Total dissolved solids 156 - 0.84 0.70 -13.9 12.1 3.31 
Total organic carbon 122 6 -0.16 0.00 -18.2 12.5 4.28 
Total phosphate 116 39 -1.40 0.00 -27.3 15.4 7.53 
Total suspended solids 162 - 1.29 0.00 -33.3 50.0 14.6 
Vanadium (V) 133 49 0.24 0.66 -99.1 44.0 22.5 
Zinc (Zn) 133 8 0.85 0.32 -80.5 40.2 13.3 
Zirconium (Zr) 46 20 3.22 0.00 -28.6 70.4 19.4 
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Table D.4: Comparison of field primary and duplicate samples. Values are relative percent difference. 

. < .. No. ofcomrnoµ ... · ... ,, .. fl? !>·.:·. , .. : ,• ',:·::·.:·:: . ·. Standa'rd· 
'":.·: 

·:-.·::·•:::•.·::·=:·· ·::·.::·· .;·· ··•,:.···· 

Par;ameter• 
.. .•:count< ••· ~ondetec'ts • ... ~i.·~J .. Y ; IMedfan\ M111imum.• l\ilaxi111~m,;; •; aevi~tiJn >; 

Alkalinity 19 0 -0.26 -0.25 -3.29 2.52 1.40 
Aluminum (Al) 82 6 -2.67 0.00 -45.83 46.20 16.71 
Antimony (Sb) 82 27 0.38 0.00 -40.21 38.57 16.68 
Arsenic (As) 82 1 -0.01 -0.34 -41.01 47.39 13.14 
Barium (Ba) 83 3 0.08 0.00 -6.57 10.00 2.20 
Beryllium (Be) 82 54 -0.24 0.00 -35.71 30.00 11.35 
Bismuth (Bi) 33 30 0.10 0.00 -3.33 20.00 7.48 
Boron (B) 83 3 0.20 0.35 -18.25 11.17 3.87 
Bromide (Br) 82 81 -0.02 0.00 -1.79 0.00 0.20 
Cadmium (Cd) 82 36 -0.77 0.00 -38.24 42.59 15.31 
Calcium (Ca) 83 0 0.10 0.08 -1.84 1.89 0.51 
Cesium (Cs) 33 26 0.16 0.00 -16.67 25.00 7.05 
Chloride (Cl) 82 0 0.34 0.00 -7.86 5.60 2.01 
Chromium (Cr) 82 23 4.57 0.00 -28.38 45.10 13.66 
Cobalt (Co) 82 0 0.18 -0.18 -17.24 15.85 4.08 
Copper (Cu) 83 27 -1.22 0.00 -41.50 21.43 10.74 
Dissolved Oxygen - - - - - - -
Eh - - - - - - -
Fluoride (F) 78 35 0.92 0.00 -13.16 8.33 2.53 
Iron (Fe) 83 0 -0.17 -0.01 -32.11 14.41 4.63 
Lead (Pb) 82 5 0.40 0.00 -31.82 22.97 8.21 
Lithium (Li) 83 16 -0.72 0.00 -18.53 16.92 6.28 
Magnesium (Mg) 83 0 0.02 0.05 -4.67 1.78 0.70 
Manganese (Mn) 83 2 -0.26 0.05 -15.12 1.84 2.03 
Mercury (Hg) 32 27 0.13 0.00 -16.67 10.00 3.69 
Molybdenum (Mo) 83 50 0.43 0.00 -18.25 30.30 6.50 
Nickel (Ni) 83 49 0.50 0.00 -23.21 23.79 7.28 
Nitrate (NO3) 81 63 -0.45 0.00 -42.97 10.00 5.42 
Ortho-phosphate 6 4 -1.11 0.00 -16.67 10.00 8.61 
pH - - - - - - -
PhosphorustotaI 83 5 0.39 0.00 -10.69 14.47 4.43 
Potassium (K) 83 1 -0.47 0.02 -13.68 4.45 2.66 
Redox - - - - - - -
Rubidium (Rb) 83 54 -0.58 0.00 -15.64 15.99 4.70 
Selenium (Se) 80 19 3.42 0.00 -38.89 47.96 20.44 
Silcate (Si) 83 0 0.04 O.oI -1.14 1.62 0.51 
Silver(Ag) 82 44 -1.93 0.00 -48.08 46.67 16.34 
Sodium (Na) 83 0 0.14 O.o7 -0.91 4.62 0.68 
Specific Conductivity 83 0 -0.09 0.00 -2.16 2.36 0.72 
Strontium (Sr) 83 0 0.11 0.05 -0.89 1.57 0.36 
Sulfate (SO4) 82 8 0.37 0.00 -1.83 17.74 2.13 
Sulfur (S) 83 0 0.12 -0.07 -10.27 14.77 2.40 
Temperature - - - - - - -
Thallium (Tl) 82 49 1.76 0.00 -36.59 39.13 14.25 
Tin (Sn) 33 8 -2.26 0.00 -41.49 40.00 18.51 
Titanium (Ti) 83 50 -0.05 0.00 -22.90 29.62 7.91 
Total dissolved solids 82 0 -0.02 0.03 -6.62 9.33 2.90 
Total organic carbon 82 1 -0.23 0.00 -46.81 23.91 9.48 
Total phosphate 75 21 1.76 0.00 -10.00 40.70 6.46 
Total suspended solids 82 0 0.72 0.00 -30.00 47.17 11.73 
Vanadium (V) 83 25 -0.22 0.00 -29.57 20.34 9.12 
Zinc (Zn) 83 5 -0.02 0.00 -38.69 14.49 6.94 
Zirconium (Zr) 33 14 -0.38 0.00 -40.00 32.35 10.85 

D-10 



Table D.S.: Summary information for all chemical parameters. Censoring values were established 
just below the maximum reporting limit. 

I •.: •···• J>arameter .No.t:,f·: • No.of 1\1axim~DI .reporting No~ detections ·ab~ve · No .. censored 
·•. •. ·. _._:·:·.' .. : : samples missing • liµiii{l:tg/L) censoring v~l11e ••••• val11es 
Alkalinity 949 5 nnd 1 949 0 
Aluminum (Al) 944 10 0.060 760 184 
Antimony (Sb) 944 10 0.008 595 349 
Arsenic (As) 944 10 0.060 873 71 
Barium (Ba) 954 0 1.4 946 8 
Beryllium (Be) 944 10 0.010 289 655 
Bismuth (Bi) 300 654 0.040 5 295 
Boron (B) 954 0 13 847 107 
Bromide (Br) 947 7 0.20 21 926 
Cadmium (Cd) 944 10 0.020 498 446 
Calcium (Ca) 954 0 nnd 954 0 
Cesium (Cs) 300 654 0.010 95 205 
Chloride (Cl) 953 1 200 951 2 
Chromium (Cr) 944 10 0.050 727 217 
Cobalt (Co) 944 10 0.0020 942 2 
Copper (Cu) 954 0 5.5 487 467 
Dissolved Oxygen 954 0 nnd 954 0 
Eh 952 2 nnd 952 0 
Fluoride (F) 686 268 i. 686 0 
Iron (Fe) 954 0 3.2 940 14 
Lead (Pb) 943 11 0.03 866 77 
Lithium (Li) 954 0 4.5 680 274 
Magnesium (Mg) 954 0 nnd 954 0 
Manganese(Mn) 954 0 0.90 888 66 
Mercury (Hg) 451 504 0.10 46 405 
Molybdenum (Mo) 954 0 4.2 274 680 
Nickel (Ni) 954 0 6.0 280 674 
Nitrate (N03) 953 1 500 176 777 
Ortho-phosphate 135 819 5.0 94 41 
pH 952 2 nnd 952 0 
Phosphoru5tota1 954 0 14.9 868 86 
Potassium (K) 954 0 118.5 949 5 
Redox 952 2 nnd 952 0 
Rubidium (Rb) 954 0 555 104 850 
Selenium (Se) 910 44 1.0 706 204 
Silcate (Si) 954 0 nnd 954 0 
Silver (Ag) 944 10 0.0090 322 622 
Sodium (Na) 954 0 nnd 954 0 
Specific Conductivity 951 3 nnd 951 0 
Strontium (Sr) 954 0 0.60 951 3 
Sulfate (S04) 953 1 100 885 68 
Sulfur (S) 954 0 21.8 952 2 
Temperature 952 2 nnd 952 0 
Thallium (Tl) 944 10 0.0050 371 573 
Tin (Sn) 300 654 0.040 188 112 
Titanium (Ti) 954 0 0.0035 231 723 
Total dissolved solids 951 3 nnd 951 0 
Total organic carbon 951 3 500 929 22 
Total phosphate 819 135 20 646 173 
Total suspended solids 951 3 nnd 951 0 
Vanadium (V) 954 0 4.7 491 463 
Zinc (Zn) 954 0 2.7 871 83 
Zirconium (Zr) 300 654 0.030 145 155 
1 nnd = no samples were below the maximum reportmg hm1t 
2 Fluoride was censored at several detection limits. Censoring at the highest detection limit would result in only six values above the censoring 
limit. Consequently, all non-detections were treated as missing data and removed from the data set. 
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Table D.6: Descriptive statistics for the Franconia-Ironton-Galesville Formation (CFIG). 

··•• Parameter ,. 
·•" .... No;of No.values Distribution 

:. :. .. 
' 

S@'}ples .: , censored • ••· 

Alkalinity 5 0 normal 
Aluminum (Al) 5 2 ins 
Antimony (Sb) 5 1 ins 
Arsenic (As) 5 0 normal 
Barium (Ba) 5 0 normal 
Beryllium (Be) 5 4 ins 
Bismuth (Bi) 3 3 ins 
Boron (B) 5 0 normal 
Bromide (Br) 5 5 ins 
Cadmium (Cd) 5 1 ins 
Calcium (Ca) 5 0 normal 
Cesium (Cs) 3 1 ins 
Chloride (Cl) 5 0 normal 
Chromium (Cr) 5 0 normal 
Cobalt (Co) 5 0 

,. 

Copper (Cu) 5 5 ins 
Dissolved Oxygen 5 3 ins 
Eh 5 0 normal 
Fluoride (Ff 5 I log-normal 
Iron (Fe) 5 0 normal 
Lead (Pb) 5 2 ins 
Lithium (Li) 5 2 ins 
Magnesium (Mg) 5 0 normal 
Manganese (Mn) 5 0 log-normal 
Mercury (Hg) 2 2 ins 
Molybdenum (Mo) 5 5 ins 
Nickel (Ni) 5 5 ins 
Nitrate (N03) 5 5 ins 
Ortho-phosphate 0 ns~ ns 
pH 5 0 normal 
Phosphoru5to1a1 5 0 normal 
Potassium (K) 5 0 normal 
Redox 5 0 normal 
Rubidium (Rb) 5 5 ins 
Selenium (Se) 5 2 ins 
Silcate (Si) 5 0 normal 
Silver (Ag) 5 3 ins 
Sodium (Na) 5 0 normal 
Specific Conductivity 5 0 normal 
Strontium (Sr) 5 0 normal 
Sulfate (S04) 5 0 normal 
Sulfur (S) 5 0 normal 
Temperature 5 0 normal 
Thallium (Tl) 5 4 ins 
Tin (Sn) 3 1 ins 
Titanium (Ti) 5 4 ins 
Total dissolved solids 5 0 normal 
Total organic carbon 5 1 ins 
Total phosphate 5 3 ins 
Total suspended solids 5 0 normal 
Vanadium (V) 5 2 ins 
Zinc (Zn) 5 0 normal 
Zirconium (Zr) 3 1 ins 
1 ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Nfe~ < 
... ,:.,•·'· ·•:•::•· 

330200 
ins 
ins 

0.93 
38 
ins 
ins 
112 
ins 
ins 

96364 
ins 

1296 
0.73 

-
ins 
ins 
143 
377 
1157 
ins 
ins 

36518 
56 
ins 
ins 
ins 
ins 
ns 

7.11 
50 

3866 
-69 
ins 
ins 

7870 
ins 

15617 
707 
377 

22530 
23089 
10.2 
ins 
ins 
ins 

457200 
ins 
ins 

6000 
ins 
62 
ins 

UCLmeari Median : 95fu .. ' Minimum 
.: : .. : per<;entHe ; 

ug/L 
446109 330000 ins' 244000 

ins 2.9 ins < 0.060 
ins 0.017 ins < 0.0080 
1.9 0.99 ins < 0.060 
54 35 ins 24 
ins <0.010 ins < 0.010 
ins < 0.040 ins < 0.040 
235 113 ins 17 
ins <0.20 ins <0.20 
ins 0.040 ins < 0.020 

127895 99107 ins 60161 
ins 0.040 ins < 0.010 

2058 1310 ins 350 
1.8 0.27 ins 0.080 
- 0.55 ins 0.49 

ins < 5.5 ins < 5.5 
ins <300 ins <300 
244 140 ins 20 
ins 325 ins 250 

2261 876 ins 221 
ins 0.20 ins < 0.030 
ins 6.2 ins <4.5 

501198 36044 ins 24077 
698 53 ins 4.7 
ins < 0.10 ins < 0.10 
ins <4.2 ins <4.2 
ins <6.0 ins <6.0 
ins < 500 ins < 500 
ns ns ns ns 

7.33 7.20 ins 6.92 
99 33 ins 26 

7032 4099 ins 1280 
32 -74 ins -193 
ins < 555 ins < 555 
ins 2.9 ins < 1.0 

12608 6233 ins 4447 
ins < 0.0090 ins < 0.0090 

35358 10760 ins 3387 
973 700 ins 404 
763 363 ins 93 

49184 24330 ins 1730 
50561 23426 ins 2037 
11.6 9.7 ins 9.0 
ins < 0.0050 ins < 0.0050 
ins 0.14 ins < 0.040 
ins < 0.0035 ins < 0.0035 

674371 428000 ins 270000 
ins 1000 ins < 500 
ins <20 ins <20 

9926 6000 ins 2000 
ins 4.9 ins <4.7 
126 39 ins 9.7 
ins 0.050 ins < 0.030 

3 ns=not sampled 
4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 

467000 
105 

0.030 
1.9 
58 

0.020 
< 0.040 

250 
<0.20 
0.090 

130435 
0.040 
2060 
2.0 
1.4 

< 5.5 
18000 
234 
770 

2550 
0.33 
12 

52959 • 
1022 

< 0.10 
<4.2 
<6.0 
< 500 

ns 
7.28 
119 

7318 
23 

< 555 
8.1 

13957 
0.077 
42265 

980 
870 

54030 
56024 
11.8 
0.16 
0.16 

0.0052 
732000 
7500 

90 
10000 

5.6 
134 

0.050 



Table D.7: Descriptive statistics for the Franconia Formation (CFRN). 

Parameter 
,., 

No.of No.values ·Distribution 
·, s.µnples censored . , 

Alkalinity 27 0 normal 
Aluminum (Al) 26 3 log-censored 
Antimony (Sb) 26 10 log-censored 
Arsenic (As) 26 4 log-censored 
Barium (Ba) 27 0 log-normal 
Beryllium (Be) 26 20 log-censored 
Bismuth (Bi) 9 9 ins 
Boron (B) 27 5 log-censored 
Bromide (Br) 27 27 ins 
Cadmium (Cd) 26 11 log-censored 
Calcium (Ca) 27 0 normal 
Cesium (Cs) 9 4 log-censored 
Chloride (Cl) 27 0 

.,, 

Chromium (Cr) 26 5 log-censored 
Cobalt(Co) 26 0 log-normal 
Copper (Cu) 27 16 log-censored 
Dissolved Oxygen 27 15 log-censored 
Eh 27 0 normal 
Fluoride (Ff 27 8 log-normal 
Iron (Fe) 27 0 log-normal 
Lead (Pb) 26 2 log-censored 
Lithium (Li) 27 10 log-censored 
Magnesium (Mg) 27 0 normal 
Manganese (Mn) 27 3 log-censored 
Mercury (Hg) 17 15 log-censored 
Molybdenum (Mo) 27 21 log-censored 
Nickel (Ni) 27 21 log-censored 
Nitrate (N03) 27 20 log-censored 
Ortho-phosphate 10 9 ins 
pH 27 0 normal 
Phosphoru5u,ta1 27 7 log-censored 
Potassium (K) 27 0 log-normal 
Redox 27 0 normal 
Rubidium (Rb) 27 25 log-censored 
Selenium (Se) 22 5 log-censored 
Silcate (Si) 27 0 log-normal 
Silver (Ag) 26 14 log-censored 
Sodium (Na) 27 0 

.,, 

Specific Conductivity 27 0 normal 
Strontium (Sr) 27 0 log-normal 
Sulfate (S04) 27 1 log-censored 
Sulfur (S) 27 0 log-normal 
Temperature 27 0 normal 
Thallium (Tl} 26 15 log-censored 
Tin (Sn) 9 5 log-censored 
Titanium (Ti) 27 21 log-censored 
Total dissolved solids 26 0 normal 
Total organic carbon 27 2 log-censored 
Total phosphate 17 5 log-censored 
Total suspended solids 26 0 log-normal 
Vanadium (V) 27 15 log-censored 
Zinc (Zn) 27 0 log-normal 
Zirconium (Zr) 9 6 log-censored 
1 ins = insufficient number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 

" 

,·· UCLmean Mediari •• 

•. ·, , . 
' ' 

ug/L 
302077 341959 270000 

1.1 10 1.5 
0.014 0.097 0.012 
0.67 14 0.68 
48 77 48 

0.0025 0.034 < 0.010 
ins ins < 0.040 
35 301 28 
ins ins <0.20 

0.044 0.98 0.055 
74463 84554 69745 
0.0096 0.050 0.010 

- - 1030 
0.33 4.8 0.29 
0.62 0.74 0.58 
5.2 21 <5.5 
536 39379 <300 
193 237 213 
291 316 280 
527 1127 856 
0.30 3.9 0.23 
5.5 38 5.1 

30997 35005 30514 
28 467 47 
ins ins < 0.10 
2.3 7.2 <4.2 
3.9 11 <6.0 
137 4679 <500 
ins ins < 5.0 

7.30 7.40 7.34 
29 255 29 

1798 2503 1691 
5.3 56 0 
193 658 < 555 
1.1 4.7 1.0 

8318 9750 8291 
0.011 0.40 < 0.0090 

- - 4997 
569 671 510 
143 214 110 

5580 27906 6330 
5690 9827 6948 
10.0 10.3 9.8 

0.0015 0.22 < 0.0050 
0.058 0.25 < 0.040 

0.0024 0.0070 < 0.0035 
379808 437359 339000 
2497 13902 2900 

27 526 20 
3264 4789 3500 
5.2 17 <4.7 
64 124 88 

0.024 0.040 < 0.030 

95th Minimum 
percentile 

' 

503600 148000 
7.3 < 0.060 

0.12 < 0.0080 
14 < 0.060 

242 2.1 
0.059 < 0.010 

ins <0.040 
288 < 13 
ins <0.20 
1.9 <0.020 

122698 28627 
ins < 0.010 

90866 200 
4.7 <0.050 
1.2 0.21 
26 <5.5 

89140 <300 
399 -36 
ins 210 

4462 13 
19 < 0.030 
49 <4.5 

48955 15915 
348 <0.90 
ins < 0.10 
8.4 <4.2 
13 <6.0 

7470 <500 
ins <5.0 

7.91 6.90 
535 < 15 

7683 153 
186 -249 
791 < 555 
7.6 <1.0 

15054 3601 
0.61 < 0.0090 

46775 1627 
0.93 3 
1146 37 

33528 < 100 
36414 51 
11.4 8.9 
1.6 < 0.0050 
ins <0.040 

0.0080 < 0.0035 
670600 150000 
16220 <500 

ins <20 
16 1000 
12 <4.7 

1349 4.9 
ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
. 

.· 

538000 
7.9 
0.13 
16 

263 
0.080 

< 0.040 
299 

<0.20 
2.2 

126770 
0.040 

127350 
5.3 
1.2 
32 

105300 
451 
400 

4669 
28 
55 

51185 
372 
0.10 
9.6 
14 

7850 
10 

7.96 
696 
9321 
239 
893 
7.7 

15184 
0.78 

51287 
951 
1412 

40940 
41634 
11.5 
2.4 
0.20 

0.0087 
700000 
16700 
640 

16000 
12 

1760 
0.040 



Table D.8: Descriptive statistics for the Ironton-Galesville Formation (CIGL). 

' Parameter -· • I- --·No.of·· No.--vaJues .. Distribution ··.l'vferuf UCLinelfu Mediari' 95th J'v1Jriiri:ltim • .. Max.in:itiir/ 
.. :• . .. '. •: sru:nples • . ·c~~sor~cl 1 .. , :.··:-·i' ·:,·, }< .. ·· , ........ , -:: • pefC(!Jlti.fo: 

ug/L 
Alkalinity 8 0 normal 352333 421104 353500 ins' 136000 405000 
Aluminum (Al) 8 0 normal 3.1 7.0 2.1 ins 0.16 29 
Antimony (Sb) 8 2 log-censored 0.021 0.084 0.019 ins < 0.0080 0.062 
Arsenic (As) 8 0 log-normal 0.72 1.4 0.65 ins 0.34 3.8 
Barium (Ba) 8 0 normal 82 152 47 ins 5.6 205 
Beryllium (Be) 8 3 log-censored 0.011 0.042 0.010 ins < 0.010 0.030 
Bismuth (Bi) 5 4 ins ins ins < 0.040 ins < 0.040 0.040 
Boron (B) 8 2 log-censored 51 210 59 ins < 13 152 
Bromide (Br) 8 8 ins ins ins <0.20 ins <0.20 <0.20 
Cadmium (Cd) 8 1 log-censored 0.095 0.32 0.090 ins < 0.020 0.27 
Calcium (Ca) 8 0 normal 95863 135415 89046 ins 41057 154746 
Cesium (Cs) 5 2 log-censored 0.oI8 0.048 0.020 ins < 0.010 0.040 
Chloride (Cl) 8 0 normal 1585 2529 1310 ins 570 2660 
Chromium (Cr) 8 1 log-censored 0.28 9.3 0.27 ins <0.050 28 
Cobalt (Co) 8 0 log-normal 0.93 1.9 0.72 ins 0.36 4.9 
Copper (Cu) 8 3 log-censored 8.8 126 10 ins < 5.5 117:8 
Dissolved Oxygen 8 7 ins ins ins <300 ins <300 1990 
Eh 8 0 normal 197 284 207 ins 27 343 
Fluoride (F)" 8 2 log-censored 255 315 245 ii:is 200 350 
Iron (Fe) 8 0 normal 1865 3597 1005 ins 31 4427 
Lead (Pb) 8 0 normal 0.71 1.5 0.88 ins 0.050 2.1 
Lithium (Li) 8 2 log-censored 8.7 19 10 ins <4.5 16 
Magnesium (Mg) 8 0 normal 25594 44265 32668 ins 11370 45702 
Manganese (Mn) 8 0 normal 199 431 136 ins 11 717 
Mercury (Hg) 3 3 ins ins ins <0.10 ins < 0.10 < 0.10 
Molybdenum (Mo) 8 8 ins ins ins <4.2 ins <4.2 <4.2 
Nickel (Ni) 8 6 log-censored 3.1 12 <6.0 ins <6.0 11 
Nitrate (N03) 8 8 ins ins ins < 500 ins < 500 < 500 
Ortho-phosphate 1 1 ins ins ins <5.0 ins < 5.0 < 5.0 
pH 8 0 normal 7.15 7.55 7.27 ins 7.01 7.95 
PhosphorustotaJ 8 0 normal 48 70 57 ins 15 147 
Potassium (K) 8 0 normal 3186 5032 2564 ins 837 6130 
Redox 8 0 normal -5 66 -5 ins -187 131 
Rubidium (Rb) 8 7 ins ins ins < 555 ins < 555 631 
Selenium (Se) 8 5 log-censored 0.73 4.1 < 1.0 ins < 1.0 3.0 
Silcate (Si) 8 0 normal 7188 9144 7059 ins 5439 14437 
Silver (Ag) 8 3 log-censored 0.017 0.28 0.025 ins < 0.0090 0.26 
Sodium (Na) 8 0 normal 28572 55747 9965 ins 1790 68775 
Specific Conductivity 8 0 normal 769 1078 651 ins 298 1217 
Strontium (Sr) 8 0 normal 281 594 224 ins 47 798 
Sulfate (S04) 8 0 normal 34837 77866 8155 ins 580 108920 
Sulfur (S) 8 0 normal 36474 81386 8333 ins 567 112855 
Temperature 8 0 normal 10.7 12.0 10.3 ins 8.9 13.0 
Thallium (Tl) 8 3 log-censored 0.025 0.21 0.027 ins <0.0050 0.18 
Tin (Sn) . 5 1 log-censored 0.090 0.44 0.090 ins < 0.040 0.25 
Titanium (Ti) 8 7 ins ins ins < 0.0035 ins < 0.0035 0.0041 
Total dissolved solids 8 0 normal 528000 830532 373000 ins 194000 1012000 
Total organic carbon 8 0 normal 2550 4185 1650 ins 1000 5300 
Total phosphate 7 3 log-censored 30 223 30 ins <20 150 
Total suspended solids 8 0 normal 6000 9982 5000 ins 1000 11000 
Vanadium (V) 8 4 log-censored 8.9 12 6.7 ins <4.7 11 
Zinc (Zn) 8 0 log-normal 86 266 56 ins 22 1132 
Zirconium (Zr) 5 3 log-censored 0.022 0.15 < 0.030 ins < 0.030 0.090 
' ms = insufficient number of detections to calculate statistics 
2 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Table D.9: Descriptive statistics for the Jordan Sandstone (CJDN). 

/ ••••• -···· ... 

·:·::·: No.of No.values Distribution• 
••••• 

. 
• censored • ,! ..... • • <,;·•·:·>• .. .• sam.ples 

Alkalinity 31 0 nonnal 
Aluminum (Al) 30 7 log-censored 
Antimony (Sb) 30 14 log-censored 
Arsenic (As) 30 1 log-censored 
Barium (Ba) 31 0 log-nonnal 
Beryllium (Be) 30 25 log-censored 
Bismuth (Bi) 8 7 ins' 
Boron (B) 31 12 log-censored 
Bromide (Br) 31 31 ins 
Cadmium (Cd) 30 9 log-censored 
Calcium (Ca) 31 0 nonnal 
Cesium (Cs) 8 3 log-censored 
Chloride (Cl) 31 0 log-nonnal 
Chromium (Cr) 30 6 log-censored 
Cobalt (Co) 30 0 log-nonnal 
Copper (Cu) 31 14 log-censored 
Dissolved Oxygen 31 14 log-censored 
Eh 31 0 log-nonnal 
Fluoride (F)"' 31 12 

,. 

Iron (Fe) 31 4 log-censored 
Lead (Pb) 30 2 log-censored 
Lithium (Li) 31 16 log-censored 
Magnesium (Mg) 31 0 log-nonnal 
Manganese (Mn) 31 11 log-censored 
Mercury (Hg) 21 20 ins 
Molybdenum (Mo) 31 26 log-censored 
Nickel (Ni) 31 21 log-censored 
Nitrate (NO3) 31 20 log-censored 
Ortho-phosphate 16 8 log-censored 
pH 31 0 log-nonnal 
Phosphoru5u,ta1 31 11 log-censored 
Potassium (K) 31 0 log-nonnal 
Redox 31 0 log-nonnal 
Rubidium (Rb) 31 29 log-censored 
Selenium (Se) 20 6 log-censored 
Silcate (Si) 31 0 log-normal 
Silver (Ag) 30 19 log-censored 
Sodium (Na) 31 0 log-normal 
Specific Conductivity 31 0 log-normal 
Strontium (Sr) 31 0 log-normal 
Sulfate (SO4) 31 0 log-normal 
Sulfur (S) 31 0 log-nonnal 
Temperature 31 0 nonnal 
Thallium (Tl) 30 10 log-censored 
Tin (Sn) 8 4 log-censored 
Titanium (Ti) 31 26 log-censored 
Total dissolved solids 30 0 log-normal 
Total organic carbon 31 3 log-censored 
Total phosphate 15 6 log-censored 
Total.suspended solids 30 0 log-normal 
Vanadium (V) 31 18 log-censored 
Zinc (Zn) 31 1 log-censored 
Zirconium (Zr) 8 6 log-censored 

.. 
' ms = msu:ffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-nonnal distribution 

• M;eiirl ··• ucLrnean 
i}L ........ 11 

256733 286457 
1.1 9.7 

0.012 0.060 
0.64 5.6 
30 46 

0.0011 0.022 
ins ins 
18 193 
ins ins 

0.048 1.0 
67964 77455 
0.0094 0.032 
1153 1616 
0.46 2.7 
0.41 0.58 
7.2 36 

1072 36732 
217 228 

- -
133 8977 
0.46 4.6 
4.4 28 

23610 27810 
22 377 
ins ins 
1.6 7.0 
5.3 8.6 
45· 3646 
5.1 45 
6.98 7.79 
25 181 

1155 1574 
-24 57 
238 576 
1.1 4.3 

8065 8876 
0.0050 0.12 
4612 6979 
360 600 
95 131 

5580 27906 
6030 9185 
9.9 10.1 

0.018 0.19 
0.052 0.15 

0.0031 0.0055 
299916 346577 

1735 11193 
49 203 

2615 3642 
4.9 11 
49 474 

0.024 0.040 

Median' 95th Miriii:num • 
perce11ttle 

ug/L 
250000 426800 126000 

1.0 12 < 0.060 
0.0090 0.057 < 0.0080 

0.58 14 < 0.060 
23 389 1.8 

< 0.010 0.038 < 0.010 
< 0.040 ins < 0.040 

19 244 < 13 
<0.20 ins <0.20 
0.060 3 .. 5 <0.020 
63229 126477 14031 
0.010 ins < 0.010 
950 9430 310 
0.59 2.2 <0.050 
0.41 1.2 0.14 
8.1 - 50 <5.5 
500 52500 <300 
199 452 -7.0 
290 ins 150 
246 4750 <3.2 
0.40 6.4 < 0.030 
<4.5 36 <4.5 
23845 45660 3954 

27 385 <0.90 
<0.10 0.16 < 0.10 
<4.2 9.2 <4.2 
<6.0 9.2 <6.0 
< 500 5324 <500 

5.0 ins <5.0 
7.34 8.36 1.50 
25 229 < 15 
990 5028 120 
-12 239 -219 

< 555 646 < 555 
1.0 5.6 < 1.0 

7971 13492 5880 
< 0.0090 0.19 < 0.0090 

2497 55311 1790 
492 1100 3 
69 637 27 

6160 75646 420 
6607 79752 947 
9.8 11.4 8.3 

0,018 0.24 < 0.0050 
0.045 ins < 0.040 

< 0.0035 0.0060 < 0.0035 
288000 745500 148000 

1500 12720 <500 
20 ins <20 

3000 J3800 1000. 
<4.7 11 <4.7 

51 922 <2.7 
< 0.030 ins <0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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•·Maximum 
.. 

467000 
14 

0.059 
18 

664 
0.060 
0.080 
297 

<0.20 
4.6 

137412 
0.030 
11020 

2.9 
1.5 
68 

94500 
457 

2510 
5777 

11 
43 

47548 
419 
0.17 
10 
9.2 

9200 
40 

8.69 
242 
5656 
244 
740 
5.7 

15231 
0.25 

61464 
1205 
765 

93790 
96320 
11.5 
0.30 
0.14 

0.0070 
828000 
17400 
210 

16000 
12 

1858 
0.070 



Table D.10: Descriptive statistics for the Mount Simon-Hinckley Formation (CMSH) 

.• ·•_:•• 

~
T:::t•L, '." No.:of No.vahies ;Distribution • Mean UCVmean· • Mediilll • :· 95th:, • •• 'Mi11irri@l 

:•:: •.•. .'i-•.·· 
/ ' ' •• ,·· 

Sc®pf(:S .·• /censored perc<!n,tHe •· ... , ·•···· •: • ,. .. .. . 

ug/L 
Alkalinity 10 0 normal 160500 236344 132500 ins' 13000 
Aluminum (Al) 10 1 log-censored 1.5 8.5 1.2 ins < 0.060 
Antimony (Sb) 10 4 log-censored 0.013 0.12 0.010 ins < 0.0080 
Arsenic (As) 10 3 log-censored 0.53 5.0 0.86 ins < 0.060 
Barium (Ba) 10 0 normal 67 107 57 ins 7.6 
Beryllium (Be) 10 8 log-censored 0.00028 0.085 < 0.010 ins < 0.010 
Bismuth (Bi) 8 8 ins ins ins < 0.040 ins < 0.040 
Boron (B) 10 3 log-censored 24 253 23 ins < 13 
Bromide (Br) 10 10 ins ins ins <0.20 ins <0.20 
Cadmium (Cd) 10 6 log-censored 0.023 0.32 < 0.020 ins < 0.020 
Calcium (Ca) 10 0 log-normal 34080 66605 43648 ins 5032 
Cesium (Cs) 8 7 ins ins ins <0.010 ins < 0.010 
Chloride (Cl) 10 0 log-normal 2206 5920 2135 ins 370 
Chromium (Cr) 10 4 log-censored 0.21 8.3 0.25 ins < 0.050 
Cobalt (Co) 10 0 normal 0.46 0.72 0.41 · ins 0.090 
Copper (Cu) 10 5 log-censored 6.1 19 5.7 ins < 5.5 
Dissolved Oxygen 10 4 log-censored 657 16445 630 ins <300 
Eh 10 0 normal 192 237 212 ins 69 
Fluoride (F}' 10 0 log-normal 254 323 225 ins 200 
Iron (Fe) 10 0 log-normal 772 3798 387 ins 20 
Lead (Pb) 10 0 log-normal 0.19 0.43 0.17 ins 0.050 
Lithium (Li) 10 3 log-censored 6.8 33 7.0 ins <4.5 
Magnesium (Mg) 10 0 log-normal 11466 21434 13269 ins 1889 
Manganese (Mn) 10 1 log-censored 46 3977 44 ins <0.90 
Mercury (Hg) 1 1 ins ins ins < 0.10 ins < 0.10 
Molybdenum (Mo) 10 7 log-censored 4.3 7.8 <4.2 ins. <4.2 
Nickel (Ni) 10 6 log-censored 5.1 16 <6.0 ins <6.0 
Nitrate (N03) 10 7 log-censored 126 4865 < 500 ins < 500 
Ortho-phosphate 0 ns" ns ns ns ns ns ns 
pH 10 0 normal 7.17 7.74 7.30 ins 5.30 
Phosphoru5to1a1 10 0 log-normal 43 393 34 ins 15 
Potassium (K) 10 0 normal 1621 2321 1292 ins 525 
Redox 10 0 normal -22 23 -3 ins -145 
Rubidium (Rb) 10 8 log-censored 567 716 < 555 ins < 555 
Selenium (Se) 10 3 log-censored 1.6 7.2 1.6 ins < 1.0 
Silcate (Si) 10 0 log-normal 9993 14444 10894 ins 4313 
Silver (Ag) 10 7 log-censored 0.0084 0.049 < 0.0090 ins < 0.0090 
Sodium (Na) 10 0 log-normal 5138 10508 3823 ins 1870 
Specific Conductivity 10 0 normal 367 587 304 ins 60 
Strontium (Sr) 10 0 log-normal 91 188 109 ins 20 
Sulfate (S04) 10 3 log-censored 1268 44152 1735 ins < 100 
Sulfur (S) 10 0 log-normal 1550 6174 1948 ins 176 
Temperature 10 0 normal 8.8 9.2 8.7 ins 8.0 
Thallium (Tl) 10 9 ins ins ins < 0.0050 ins < 0.0050 
Tin (Sn) 8 1 log-censored 0.11 0.47 0.11 ins <0.040 
Titanium (Ti) 10 6 log-censored 0.0037 0.0091 < 0.0035 ins < 0.0035 
Total dissolved solids 10 0 log-normal 199159 336512 218000 ins 60000 
Total organic carbon 10 1 log-censored 1781 10792 1850 ins < 500 
Total phosphate 10 4 1 og-censored 15 545 20 ins <20 
Total suspended solids 10 0 log-normal 6917 19249 5000 ins 2000 
Vanadium (V) 10 5 log-censored 5.4 23 4.9 ins <4.7 
Zinc (Zn) 10 1 log-censored 12 91 12 ins <2.7 
Zirconium (Zr) 8 6 log-censored 0.00015 5.4 < 0.030 ins · < 0.030 
' ms= msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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• Maximum• 

399000 
23 

0.090 
4.1 
200 

0.070 
<0.040 

300 
<0.20 
0.22 

157955 
0.020 
36070 

4.2 
1.1 
16 

10910 
254 
580 

62577 
1.8 
48 

49440 
1856 

< 0.10 
7.5 
14 

4000 
ns 

8.10 
721 

3799 
40 
710 
5.9 

29313 
0.051 
66103 
1093 
510 

72260 
76310 

9.5 
0.010 
0.70 

0.0082 
874000 
18500 
720 

206000 
20 
127 
1.8 



Table D.11: Descriptive statistics for the Mount Simon Formation (CMTS) 

Parameter •• •• No.of No. values Distribution 
.. · .. samples censored .··· · .. ;<· . 

Alkalinity 13 0 nonnal 
Aluminum (Al) 13 3 log-censored 
Antimony (Sb) 13 4 log-censored 
Arsenic (As) 13 1 log-censored 
Barium (Ba) 13 0 log-normal 
Beryllium (Be) 13 7 log-censored 
Bismuth (Bi) 6 6 ins 
Boron (B) 13 0 log-normal 
Bromide (Br) 13 12 ins 
Cadmium (Cd) 13 9 log-censored 
Calcium (Ca) 13 0 normal 
Cesium (Cs) 6 2 log-censored 
Chloride (Cl) 13 0 

,. 

Chromium (Cr) 13 2 log-censored 
Cobalt (Co) 13 0 normal 
Copper (Cu) 13 9 log-censored 
Dissolved Oxygen 13 10 log-censored 
Eh 13 0 normal 
Fluoride (F)" 9 0 normal 
Iron (Fe) 13 1 log-censored 
Lead (Pb) 13 0 log,normal 
Lithium (Li) 13 9 log-censored 
Magnesium (Mg) 13 0 nonnal 
Manganese (Mn) 13 1 log-censored 
Mercury (Hg) 7 7 ins 
Molybdenum (Mo) 13 13 ins 
Nickel (Ni) 13 13 ins 
Nitrate (N03) 13 11 log-censored 
Ortho-phosphate 0 ns~ ns 
pH 13 0 normal 
Phosphorustotal 13 0 

,. 

Potassium (K) 13 0 normal 
Redox 13 0 normal 
Rubidium (Rb) 13 13 ins 
Selenium (Se) 13 4 log-censored 
Silcate (Si) 13 0 normal 
Silver (Ag) 13 9 log-censored 
Sodium (Na) 13 0 log-normal 
Specific Conductivity 13 0 normal 
Strontium (Sr) 13 0 normal 
Sulfate (S04) 13 1 log-censored 
Sulfur (S) 13 0 log-normal 
Temperature 13 0 normal 
Thallium (Tl) 13 5 log-censored 
Tin (Sn) 6 3 log-censored 
Titanium (Ti) 13 12 ins 
Total dissolved solids 13 0 normal 
Total organic carbon 13 0 normal 
Total phosphate 13 3 log-censored 
Total suspended solids 13 0 normal 
Vanadium (V) 13 10 log-censored 
Zinc (Zn) 13 0 normal 
Zirconium (Zr) 6 4 log-censored 
1 ins = insufficient number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 
3 ns=not sampled 

Mean••···• UCLmean Median 
. ... . 

ug/L 
305111 401950 257000 

0.39 54 0.53 
0,018 0.10 0.016 
0.79 11 1.6 
57 98 57 

0.0080 0.048 < 0.010 
ins ins < 0.040 
40 71 33 
ins ins <0.20 

0,018 0.14 < 0.020 
74239 93140 76615.2 
0.025 0.052 0.025 

- - 1010 
0.38 4.6 0.31 
0.65 0.95 0.60 
2.1 32 < 5.5 
53 8189 <300 
119 181 79 
284 333 280 
722 13646 1259 
0.28 0.61 0.20 
3.1 25 <4.5 

27537 36477 26883 
1.9 7.3 100 
ins ins < 0.10 
ins ins <4.2 
ins ins <6.0 
53 8189 < 500 
ns ns ns 

7.29 7.40 7.30 
- - 64 

2731 4035 1700 
-69 6 -132 
ins ins < 555 
2.0 6.4 2.4 

8372 10378 8567 
0.0017 0.52 < 0.0090 
11776 23961 8085 
648 866 661 
314 504 159 
2602 62318 2450 
3378 9211 2732 
10.0 10.8 9.6 

0.0054 0.047 0.0060 
0.14 1.8 0.10 
ins ins < 0.0035 

405111 547759 374000 
2067 2805 2000 

49 833 40 
5778 9253 5000 
2.9 7.9 <4.7 
80 159 14 

0.030 0.24 < 0.030 

95th Minimum 
perce:ntile ·•. 

ins' 143000 
ins < 0.060 
ins < 0.0080 
ins < 0.060 
ins 13 
ins < 0.010 
ins < 0.040 
ins 14 
ins <0.20 
ins <0.020 
ins 37694 
ins < 0.010 
ins 310 
ins < 0.050 
ins 0.30 
ins < 5.5 
ins <300 
ins -4.1 
ins 220 
ins <3.2 
ins 0.080 
ins <4.5 
ins 9553 
ins <0.90 
ins <0.10 
ins <4.2 
ins <6.0 
ins <500 
ns ns 
ins 7.11 
ins 35 
ins 799 
ins -217 
ins < 555 
ins < 1.0 
ins 5135 
ins < 0.0090 
ins 3007 
ins 269 
ins 63 
ins < 100 
ins 352 
ins 8.6 
ins < 0.0050 
ins < 0.040 
ins < 0.0035 
ins 130000 
ins 700 
ins <20 
ins 2000 
ins <4.7 
ins 3.1 
ins < 0.030 

4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum·• 
. . 

488000 
44 

0.084 
7.4 
276 

0.050 
< 0.040 

150 
0.55 
0.19 

102162 
0.040 
98370 

2.8 
1.5 
30 

9410 
269 
370 
5569 
3.36 
33 

41173 
531 

< 0.10 
<4.2 
<6.0 
1300 

ns 
7.59 
558 
5960 
59 

< 555 
5.6 

13086 
0.41 

97890 
1055 
800 

39850 
40991 
12.1 

0.046 
0.97 

0.0064 
678000 
3700 
710 

15000 
8.6 
266 
0.16 



Table D.12: Descriptive statistics for the St. Lawrence-Franconia Formation (CSLF). 

: • Parameter. . No~,or·.•• ·No .. values Distribution Mean UCL mean Median' ••• 95th. . Miriimu)J.)j •. 
.. :,: ... /~:.: ~aDJp)es >censored .. •. . ... 1: . p¢rce1#ile. 

ug/L 
Alkalinity 4 0 ins' ins ins 257500 ins 181000 
Aluminum (Al) 4 1 ins ins ins 1.2 ins < 0.060 
Antimony (Sb) 4 2 ins ins ins 0.0120 ins < 0.0080 
Arsenic (As) 4 0 ins ins ins 3.9 ins 0.84 
Barium (Ba) 4 0 ins ins ins 115 ins 20 
Beryllium (Be) 4 4 ins ins ins < 0.010 ins < 0.010 
Bismuth (Bi) 3 3 ins ins ins <0.040 ins < 0.040 
Boron (B) 4 2 ins ins ins 25 ins < 13 
Bromide (Br) 4 4 ins ins ins <0.20 ins <0.20 
Cadmium (Cd) 4 1 ins ins ins 0.045 ins < 0.020 
Calcium (Ca) 4 0 ins ins ins 83603 ins 53769 
Cesium (Cs) 3 2 ins ins ins < 0.010 ins < 0.010 
Chloride (Cl) 4 0 ins ins ins 6580 ins 740 
Chromium (Cr) 4 0 ins ins ins 0.15 ins 0.070 
Cobalt (Co) 4 0 ins ins ins 0.67 ins 0.32 
Copper (Cu) 4 1 ins ins ins 17 ins < 5.5 
Dissolved Oxygen 4 4 ins ins ins <300 ins <300 
Eh 4 0 ins ins ins 53 ins -201 
Fluoride (F)"' 4 3 ins ins ins 380 ins 380 
Iron (Fe) 4 0 ins ins ins 1863 ins 865 
Lead (Pb) 4 0 ins ins ins • 0.22 ins 0.19 
Lithium (Li) 4 1 ins ins ins 11 ins <4.5 
Magnesium (Mg) 4 0 ins ins ins 28739 ins 13069 
Manganese (Mn) 4 0 ins ins ins 282 ins 80 
Mercury (Hg) 1 1 ins ins ins < 0.10 ins < 0.10 
Molybdenum (Mo) 4 4 ins ins ins <4.2 ins <4.2 
Nickel (Ni) 4 4 ins ins ins <6.0 ins <6.0 
Nitrate (N03) 4 4 ins ins ins < 500 ins < 500 
Ortho-phosphate 0 ns" ns ns ns ns ns ns 
pH 4 0 ins ins ins 7.45 ins 7.26 
Phosphoru5tora1 4 0 ins ins ins 117 ins 35 
Potassium (K) 4 0 ins ins ins 1935 ins 900 
Redox 4 0 ins ins ins -160 ins -412 
Rubidium (Rb) 4 4 ins ins ins < 555 ins < 555 
Selenium (Se) 4 1 ins ins ins 1.0 ins < 1.0 
Silcate (Si) 4 0 ins ins ins 12104 ins 7018 
Silver (Ag) 4 2 ins ins ins 0.010 ins < 0.0090 
Sodium (Na) 4 0 ins ins ins 5258 ins 3232 
Specific Conductivity 4 0 ins ins ins 611 ins 384 
Strontium (Sr) 4· 0 ins ins ins 165 ins 63 
Sulfate (S04) 4 0 ins ins ins 22850 ins 2270 
Sulfur (S) 4 0 ins ins ins 23610 ins 2630 
Temperature 4 0 ins ins ins 10.5 ins 9.5 
Thallium (Tl) 4 0 ins ins ins O.Ql5 ins 0.0060 
Tin (Sn) 3 0 ins ins ins 0.070 ins 0.040 
Titanium (Ti) 4 3 ins ins ins < 0.0035 ins < 0.0035 
Total dissolved solids 4 0 ins ins ins 384000 ins 248000 
Total organic carbon 4 0 ins ins ins 2000 ins 1400 
Total phosphate 4 1 ins ins ins 90 ins <20 
Total suspended solids 4 0 ins ins ins 4500 ins 3000 
Vanadium (V) 4 2 ins ins ins 5.3 ins <4:7 
Zinc (Zn) 4 0 ins ins ins 27 ins 6.3 
Zirconium (Zr) 3 3 ins ins ins < 0.030 ins < 0.030 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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··Maximum-
. ... 

416000 
4.2 

0.026 
14.1 
212 

< 0.010 
0.030 
279 
0.10 
0.110 

111650 
0.020 
18340 
2.25 
1.34 
40.4 
250 
249 
380 
5114 
0.55 
14 

44450 
938 

< 0.10 
4.1 

<6.0 
< 500 

ns 
7.66 
254 
3604 

37 
< 555 

8.1 
15416 
0.013 
79743 
1063 
420 

61440 
63876 
11.4 

0.022 
0.11 

0.0045 
708000 
2700 
210 

13000 
9.4 
60 

< 0.030 



Table D.13: Descriptive statistics for the St. Lawrence Formation (CSTL). 

Parameter No.or ·•• No.values Distribution Mean UCLmean M~dian 95tb.· .Minimum 
. .. ·.· samples censored .. . .· . percentile • .. 

ug/L 
Alkalinity 4 0 ins' ins ins 450500 ins 181000 
Aluminum (Al) 4 0 ins ins ins 2.0 ins 0.81 
Antimony (Sb) 4 1 ins ins ins 0.065 ins < 0.0080 
Arsenic (As) 4 0 ins ins ins 4.6 ins 0.12 
Barium (Ba) 4 0 ins ins ins 37 ins 8.9 
Beryllium (Be) 4 2 ins ins ins <0.010 ins < 0.010 
Bismuth (Bi) 2 2 ins ins ins < 0.040 ins < 0.040 
Boron (B) 4 0 ins ins ins 142 ins 14 
Bromide (Br) 4 4 ins ins ins < 0.20 ins <0.20 
Cadmium (Cd) 4 0 ins ins ins 0.085 ins 0.050 
Calcium (Ca) 4 0 ins ins ins 97724 ins 48461 
Cesium (Cs) 3 1 ins ins ins 0.025 ins < 0.010 
Chloride (Cl) 4 0 ins ins ins 980 ins 580 
Chromium (Cr) 4 1 ins ins ins 0.13 ins < 0.050 
Cobalt (Co) 4 0 ins ins ins 0.77 ins 0.45 
Copper (Cu) 4 1 ins ins ins 20.0 ins < 5.5 
Dissolved Oxygen 4 2 ins ins ins 375 ins <300 
Eh 4 0 ins ins ins 208 ins 205 
Fluoride (F)"' 1 0 ins ins ins 305 ins 290 
Iron (Fe) 4 0 ins ins ins 3385 ins 62 
Lead (Pb) 4 0 ins ins ins 2.7 ins 0.91 
Lithium (Li) 4 0 ins ins ins 15 ins 7.0 
Magnesium (Mg) 4 0 ins ins ins 39958 ins 18197 
Manganese (Mn) 4 0 ins ins ins 61 ins 19 
Mercury (Hg) 1 1 ins ins ins < 0.10 ins < 0.10 
Molybdenum (Mo) 4 2 ins ins ins 4.8 ins <4.2 
Nickel (Ni) 4 2 ins ins ins 6.0 ins <6.0 
Nitrate (NO3) 4 3 ins ins ins <500 ins <500 
Ortho-phosphate 0 ns" ns ns ns ns ns ns 
pH 4 0 ins ins ins 7.21 ins 6.72 
Phosphoru5iota1 4 0 ins ins ins 64 ins 15 
Potassium (K) 4 0 ins ins ins 3367 ins 1123 
Redox 4 0 ins ins ins -5 ins -9 
Rubidium (Rb) 4 4 ins ins ins < 555 ins < 555 
Selenium (Se) 4 2 ins ins ins 1.0 ins < 1.0 
Silcate (Si) 4 0 ins ins ins 11639 ins 6858 
Silver (Ag) 4 1 ins ins ins 0.014 ins < 0.0090 
Sodium (Na) 4 0 ins ins ins 26940 ins 2679 
Specific Conductivity 4 0 ins ins ins 0.81 ins 0.37 
Strontium (Sr) 4 0 ins ins ins 381 ins 59 
Sulfate (SO4) 4 0 ins ins ins 12020 ins 2860 
Sulfur (S) 4 0 ins ins ins 15416 ins 3016 
Temperature 4 0 ins ins ins 9.7 ins 9.1 
Thallium (Tl) 4 1 ins ins ins 0,018 ins < 0.0050 
Tin (Sn) 2 1 ins ins ins 0.48 ins < 0.040 
Titanium (Ti) 4 4 ins ins ins < 0.0035 ins < 0.0035 
Total dissolved solids 4 0 ins ins ins 518000 ins 208000 
Total organic carbon 4 1 ins ins ins 2650 ins <500 
Total phosphate 4 1 ins ins ins 35 ins <20 
Total suspended solids 4 0 ins ins ins 8000 ins 1000 
Vanadium (V) 4 1 ins ins ins 7.2 ins <4.7 
Zinc (Zn) 4 0 ins ins ins 245 ins 100 
Zirconium (Zr) 2 1 ins ins ins 0.035 ins < 0.030 
1 ms = msuffic1ent number of detections to calculate statistics 
2 ns=not sampled 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 

D-19 

Maximum 
. .. 

518000 
7.9 

0.12 
14 

270 
0.040 

< 0.040 
353 

<0.20 
0.17 

152865 
0.040 
1460 
0.76 
1.4 

94.3 
750 
253 
320 
8880 

52 
28 

51315 
139 

< 0.10 
8.2 
7.3 

1500 
ns 

7.50 
306 

3571 
40 

< 555 
1.4 

13720 
0.15 

68771 
1.1 
639 

70530 
79617 
10.3 

0.060 
0.93 

< 0.0035 
828000 
4200 
260 

22000 
9.7 
470 

0.050 



Table D.14: Descriptive statistics for the Cedar Valley Formation (DCVA). 

,~·raDieter : 
... ·.· No;of No; val.lies :nistribution · . . 

• : :· ·: ·: ··sa111ples censored 

Alkalinity 10 0 nonnal 
Aluminum (Al) 10 1 log-censored 
Antimony (Sb) 10 3 1 og-censored 
Arsenic (As) 10 0 log-normal 
Barium (Ba) 10 0 nonnal 
Beryllium (Be) 10 5 log-censored 
Bismuth (Bi) 0 ns~ ns 
Boron (B) 10 1 log-censored 
Bromide (Br) 9 9 ins 
Cadmium (Cd) 10 0 log-normal 
Calcium (Ca) 10 0 nonnal 
Cesium (Cs) 0 ns ns 
Chloride (Cl) 9 0 

,. 

Chromium (Cr) 10' 6 log-censored 
Cobalt (Co) 10 0 

,{. 

Copper (Cu) 10 1 log-censored 
Dissolved Oxygen 10 4 log-censored 
Eh 10 0 

,{. 

Fluoride (Ff 9 0 normal 
Iron (Fe) 10 0 normal 
Lead (Pb) 10 0 log-normal 
Lithium (Li) 10 1 log-censored 
Magnesium (Mg) 10 0 normal 
Manganese (Mn) 10 0 nonnal 
Mercury (Hg) 10 5 log-censored 
Molybdenum (Mo) 10 9 ins 
Nickel (Ni) 10 6 log-censored 
Nitrate (NO3) 10 10 ins 
Ortho-phosphate 10 3 log-censored 
pH 10 0 normal 
Phosphoru5rota1 10 0 log-normal 
Potassium (K) 10 0 

,{. 

Redox 10 0 
,. 

Rubidium (Rb) 10 10 ins 
Selenium (Se) 8 0 

,{. 

Silcate (Si) 10 0 normal 
Silver (Ag) 10 8 log-censored 
Sodium (Na) 10 0 

,{. 

Specific Conductivity 10 0 log-normal 
Strontium (Sr) 10 0 

,{. 

Sulfate (SO4) 9 0 log-normal 
Sulfur (S) 10 0 log-normal 
Temperature 10 0 log-normal 
Thallium (Tl) 10 5 log-censored 
Tin (Sn) 0 ns ns 
Titanium (Ti) 10 8 log-censored 
Total dissolved solids 9 0 normal 
Total organic carbon 10 0 log-normal 
Total phosphate 0 ns ns 
Total suspended solids 9 0 log-normal 
Vanadium (V) 10 5 log-censored 
Zinc (Zn) 10 1 log-censored 
Zirconium (Zr) 0 ns ns 
' ms = insufficient number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 
3 ns = not sampled 

Mean uc1,;mean ··Median 

··"' 

ug/L 
315778 351129 289500 

1.8 5.5 1.79 
0.011 0.041 0.011 
2.8 5.1 2.6 
190 226 168 

0.0092 0.052 0.0100 
ns ns ns 
49 490 44 
ins ins' <0.20 

0.75 1.8 1.4 
76516 81296 75524 

ns ns ns 

- - 600 
0.021 1.6 < 0.050 

- - 0.32 
10 24 9.3 

472 2338 450 

- - 99 
256 270 270 
1638 2117 1612 
0.36 0.62 0.39 
12 80 11 

22489 24789 22465 
88 111 90 

0.093 0.25 <0.10 
ins ins <4.2 
6.6 9.4 <6.0 
ins ins < 500 
16 197 15 

7.12 7.17 7.12 
126 278 203 

- - 1318 

- - -115 
ins ins < 555 

- - 1.0 
10904 11927 10666 
0.0080 0.015 < 0.0090 

- - 6764 
580 650 534 

- - 151 
2298 5691 2240 
3219 6041 2779 
9.1 9.4 9.3 

0.0058 0.068 0.0050 
ns ns ns 

0.0047 0.0050 < 0.0035 
348111 390988 320000 

4536 7238 5250 
ns ns ns 

5441 7191 5000 
5.1 9.0 4.9 
12 67 12 
ns ns ns 

·95tb·· Mini111urij·• 
perl!enti~e 

421000 225000 
6.4 < 0.060 

0.042 < 0.0080 
13 0.44 

331 66 
0.05 < 0.010 
ns ns 

499 < 13 
ins < 0.20 
37 0.060 

95426 61286 
ns ns 
ins 410 
1.2 < 0.050 
1.5 0.24 
21 • < 5.5 

1800 <300 
272 57 
ins 210 

3561 7.0 
1.1 0.060 
95 <4.5 

29740 15711 
156 9.1 
0.23 < 0.10 
4.9 <4.2 
9.2 <6.0 
ins < 500 
170 <5.0 
ins 6.94 

1120 16 
5998 931 

58 -156 
ins < 555 
ins 1.0 

13959 8544 
0.015 < 0.0090 
60355 4808 

828 440 
519 90 
ins 97 

13394 488 
9.7 8.7 

0.061 < 0.0050 
ns ns 

0.0050 < 0.0035 
ins 250000 

11800 1500 
ns ns 
ins 3000 
8.5 <4.7 
72 <2.7 
ns ns 

4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 

421000 
6.4 

0.042 
13 

331 
0.050 

ns 
499 

<0.20 
37 

95426 
ns 

4720 
1.2 
1.5 
21 

1800 
272 
300 

3561 
1.1 
95 

29740 
156 
0.23 
4.9 
9.2 

< 500 
170 
7.34 
1120 
5998 

58 
< 555 

4.0 
13959 
0.015 
60355 

828 
519 

13330 
13394 

9.7 
0.061 

ns 
0.0050 
500000 
11800 

ns 
14000 

8.5 
72 
ns 



I 

Table D.15: Descriptive statistics for Cretaceous Sandstones (KRET). 

Parameter No.of No.values Distribution 
.. . .. samples censored . 

Alkalinity 39 0 nonnal 
Aluminum (Al) 39 5 log-censored 
Antimony (Sb) 39 11 log-censored 
Arsenic (As) 39 3 log-censored 
Barium (Ba) 39 0 log-nonnal 
Beryllium (Be) 39 31 log-censored 
Bismuth (Bi) 0 ns ns"' 
Boron (B) 39 1 log-censored 
Bromide (Br) 39 33 log-censored 
Cadmium (Cd) 39 14 log-censored 
Calcium (Ca) 39 0 nonnal 
Cesium (Cs) 0 ns ns 
Chloride (Cl) 39 0 log-nonnal 
Chromium (Cr) 39 15 log-censored 
Cobalt (Co) 39 1 log-censored 
Copper (Cu) 39 9 log-censored 
Dissolved Oxygen 39 22 log-censored 
Eh 39 0 nonnal 
Fluoride (F)" 39 13 ~ 

Iron (Fe) 39 0 
., 

Lead (Pb) 39 4 log-censored 
Lithium (Li) 39 6 log-censored 
Magnesium (Mg) 39 0 nonnal 
Manganese (Mn) 39 1 log-censored 
Mercury (Hg) 35 34 ins 
Molybdenum (Mo) 39 27 log-censored 
Nickel (Ni) 39 24 log-censored 
Nitrate (NO3) 39 33 log-censored 
Ortho-phosphate 9 0 nonnal 
pH 39 0 ~ 

Phosphoru5u,ra1 39 0 log-nonnal 
Potassium (K) 39 0 log-nonnal 
Redox 39 0 nonnal 
Rubidium (Rb) 39 29 log-censored 
Selenium (Se) 39 15 log-censored 
Silcate (Si) 39 0 ~ 

Silver (Ag) 39 27 log-censored 
Sodium (Na) 39 0 log-nonnal 
Specific Conductivity 39 0 nonnal 
Strontium (Sr) 39 0 log-nonnal 
Sulfate (SO4) 39 1 log-censored 
Sulfur (S) 39 0 

., 

Temperature 39 0 nonnal 
Thallium (Tl) 39 23 log-censored 
Tin (Sn) 0 ns ns 
Titanium (Ti) 39 29 log-censored 
Total dissolved solids 39 0 nonnal 
Total organic carbon 39 0 ~ 

Total phosphate 30 7 log-censored 
Total suspended solids 39 0 log-nonnal 
Vanadium (V) 39 14 log-censored 
Zinc (Zn) 39 1 log-censored 
Zirconium (Zr) 0 ns ns 

.. 1 ms = msuffic1ent number of detections to calculate statistics 
2 ns = not sampled 
3 Data did not fit a nonnal or log-nonnal distribution 

•·· 

Mean UCL mean Median 
·•. .. 

ug/L 
369821 394901 356000 

1.5 102 1.5 
0.022 0.13 0.025 

1.2 11 1.3 
23 34 20 

0.0080 0.063 < 0.010 
ns ns ns 

439 2906 410 
0.036 0.71 <0.20 
0.055 0.76 0.050 

158086 192943 132699 
ns ns ns 

8224 14508 5840 
0.18 4.9 0.14 
0.54 1.8 0.60 
13 84 13 

588 11726 <300 
160 197 138 
- - 430 
- - 1514 

0.40 6.5 0.45 
30 202 35.2 

52778 63541 51635 
90 1798 112 
ins ins < 0.10 
3.7 21 <4.2 
7.0 34 <6.0 
16 6513 < 500 
54 78 40 
- - 7.00 

125 164 140 
5587 6610 5474 
-53 -16 -75 
337 1718 < 555 
1.7 9.5 1.5 
- - 10955 

0.0067 0.16 <0.0090 
75945 112357 76187 
1465 1712 1436 
80~ 1041 754 

152412 191576 140130 
- - 162675 

9.9 10.1 10.0 
0.0025 0.28 < 0.0050 

ns ns ns 
0.0019 0.018 < 0.0035 

1215436 1426278 1110000 
- - 2800 

41 304 50 
6177 8892 8000 
8.0 39 7.2 
29 361 26 
ns ns ns 

95th Minimum 
.. percentile . 

534000 204000 
223 < 0.060 
0.15 < 0.0080 
8.6 < 0.060 
268 2.5 

0.060 < 0.010 
ns ns 

3104 < 13 
ins' <0.20 
0.82 < 0.020 

391128 12750 
ns ns 

189280 480 
5.8 < 0.050 
1.7 < 0.090 
163 < 5.5 

10500 <300 
359 -129 
5750 200 
7056 19 
6.6 < 0.030 
160 <4.5 

115738 4713 
1316 <0.90 
0.15 <0.10 
25 <4.2 
42 <6.0 

16450 <500 
ins1 30 
8.29 6.30 
453 15 

13471 1347 
146 -341 

2203 <555 
8.4 <1.0 

15795 3136 
0.23 < 0.0090 

635166 4074 
3290 10 
2712 72 

417630 < 100 
454466 356 

11.7 6.50 
0.062 < 0.0050 

ns ns 
0.025 < 0.0035 

2576000 268000 
8500 1300 
466 <20 

52000 1000 
50 <4.7 

996 <2.7 
ns ns 

4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
. . 

591000 
617 
0.20 
21 
402 
0.14 
ns 

4659 
2.0 
0.95 

474535 
ns 

447280 
6.5 
1.9 
248 

17460 
450 
7500 
7630 
8.7 
161 

154091 
3213 
0.38 
33 

51.3 
23300 

130 
8.80 
663 

14702 
236 
2637 

11 
22629 
0.34 

743427 
3370 
2920 

531620 
613372 

11.7 
43 
ns 

0.031 
3158000 

10200 
570 

56000 
56 

3224 
ns 



Table D.16: Descriptive statistics for the Galena Formation (OGAL). 

• Parameter .. 
'No.of N9.values Distribution .. 

••• ···•·• ~a.111ples .. ceJlsored 

Alkalinity 22 0 nonnal 
Aluminum (Al) 22 5 log-censored 
Antimony (Sb) 22 9 log-censored 
Arsenic (As) 22 1 log-censored 
Barium (Ba) 22 0 nonnal 
Beryllium (Be) 22 16 log-censored 
Bismuth (Bi) 0 ns· ns 
Boron (B) 22 0 

., 

Bromide (Br) 21 21 ins 
Cadmium (Cd) 22 0 nonnal 
Calcium (Ca) 22 0 

., 

Cesium (Cs) 0 ns ns 
Chloride (Cl) 22 0 log-nonnal 
Chromium (Cr) 22 12 log-censored 
Cobalt (Co) 22 0 nonnal 
Copper (Cu) 22 4 log-censored 
Dissolved Oxygen 22 12 log-censored 
Eh 22 0 

., 

Fluoride (Ff 21 0 nonnal 
Iron (Fe) 22 0 nonnal 
Lead (Pb) 22 0 nonnal 
Lithium (Li) 22 2 log-censored 
Magnesium (Mg) 22 0 log-nonnal 
Manganese (Mn) 22 0 

., 

Mercury (Hg) 21 21 ins 
Molybdenum (Mo) 22 17 log-censored 
Nickel (Ni) 22 11 log-censored 
Nitrate (N03) 22 19 log-censored 
Ortho-phosphate 19 2 log-censored 
pH 22 0 

., 

Phosphoru5wta1 22 0 
., 

Potassium (K) 22 0 
., 

Redox 22 0 
., 

Rubidium (Rb) 22 20 ins 
Selenium (Se) 17 0 nonnal 
Silcate (Si) 22 0 log-nonnal 
Silver(Ag) 22 21 ins 
Sodium (Na) 22 0 log-nonnal 
Specific Conductivity 22 0 log-nonnal 
Strontium (Sr) 22 0 nonnal 
Sulfate (S04) 22 2 log-censored 
Sulfur (S) 22 0 log-nonnal 
Temperature 22 0 

., 

Thallium (Tl) 22 9 log-censored 
Tin (Sn) 0 ns ns 
Titanium (Ti) 22 14 log-censored 
Total dissolved solids 22 0 log-nonnal 
Total organic carbon 22 0 log-nonnal 
Total phosphate 3 0 log-nonnal 
Total suspended solids 22 0 log-nonnal 
Vanadium (V) 22 9 log-censored 
Zinc (Zn) 22 0 nonnal 
Zirconium (Zr) 0 ns ns 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns = not sampled 

Me1m: 'UCL mean .: 'Median·· 
. ., .>:>•.' •• 

ug/L 
332227 358690 380000 

0.78 7.8 1.1 
0.010' 0.041 0.0090 
2.0 22 2.5 
162 207 148 

0.0063 0.019 < 0.010 
ns ns ns 

- - 43 
ins ins <0.20 

0.16 0.28 0.63 
- - 79932 

ns ns ns 
1814 3726 1340 
0.055 0.52 < 0.050 
0.60 0.90 0.33 
11 34 11 

459 7616 <300 
- - 97 

427 481 460 
1596 2008 1500 
0.077 0.13 0.060 

15 56 14 
25954 29614 24237 

- - 51 · 
ins ins <0.10 
3.9 6.6 <4.2 
6.3 12 6.3 
31 10392 < 500 
23 273 30 
- - 7.17 
- - 108 
- - 1789 
- - -116 

ins ins < 555 
2.2 3.0 1.0 

9484 10627 9780 
ins ins < 0.0090 

18205 32352 13465 
690 790 667 
243 296 231 
6292 139553 9776 
5888 15097 10853 
- - 9.1 

0.0062 0.036 0.0060 
ns ns ns 

0.0028 0.0069 < 0.0035 
434410 520355 385500 

7335 11225 8900 
49 129 40 

3872 5257 4000 
5.6 12 5.8 
11 15 24 
ns ns ns 

•· 95.th •• Minimum' 
p~f¢tn'til~ ;; • 

428000 236000 
9.8 < 0.060 
0.04 < 0.0080 
17 < 0.060 

389 8.3 
0.020 < 0.010 

ns ns 
522 16 
ins' <0.20 
3 0.040 

139422 55363 
ns ns 

80433 220 
0.71 < 0.050 
0.88 0.17 
40 < 5.5 

14443 <300 
397 37 
477 220 
3439 23 
5.0 0.030 
59 <4.5 

55848 15357 
264 1.2 
ins < 0.10 
6.8 <4.2 
13 < 6.0 

24610 < 500 
200 < 5.0 
7.43 5.85 
453 34 

14992 751 
184 -177 
661 < 555 
2.9 1.0 

13471 4491 
0.012 < 0.0090 

145031 4310 
1400 425 
514 94 

125233 < 100 
129440 50 

10.7 8.6 
0.053 < 0.0050 

ns ns 
0.0070 < 0.0035 

1144500 238000 
69250 1500 

ins 20 
12000 1000 

13 <4.7 
413 6.0 
ns ns 

3 Data did not fit a nonnal or log-normal distribution 
4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 

435000 
12 

0.040 
19 

3~7 
0.020 

ns 
567 

<0.20 
3.1 

139890 
ns 

95070 
0.81 
0.95 
43 

17140 
426 
480 
3517 
6.07 
62 

60246 
313 

0.090 
6.8 
14 

30460 
200 
7.44 
474 

18309 
213 
661 
2.9 

13771 
0.013 

145608 
1475 
554 

142430 
148668 

11.1 
0.062 

ns 
0.0077 

1234000 
77800 

150 
12000 

14 
429 
ns 



Table D.17: Descriptive statistics for the Maquoketa Formation (OMAQ). 

,.::·,: Parameter No.of 
.. 

Noivalues Di.stribution 
· .. .. : samples . censored 

Alkalinity 1 0 ins' 
Aluminum (Al) 1 0 ins 
Antimony (Sb) 1 1 ins 
Arsenic (As) 1 0 ins 
Barium (Ba) 1 0 ins 
Beryllium (Be) 1 I ins 
Bismuth (Bi) 0 ns" ins 
Boron (B) 1 I ins 
Bromide (Br) I 1 ins 
Cadmium (Cd) 1 I ins 
Calcium (Ca) 1 0 ins 
Cesium (Cs) 0 ns ins 
Chloride (Cl) 1 0 ins 
Chromium (Cr) 1 0 ins 
Cobalt (Co) I 0 ins 
Copper (Cu) 1 ·O ins 
Dissolved Oxygen 1 0 ins 
Eh 1 0 ins 
Fluoride (FY 0 ns ins 
Iron (Fe) 1 0 ins 
Lead (Pb) I 0 ins 
Lithium (Li) 1 0 ins 
Magnesium (Mg) 1 0 ins 
Manganese (Mn) I 0 ins 
Mercury (Hg) 1 0 ins 
Molybdenum (Mo) 1 1 ins 
Nickel (Ni) 1 0 ins 
Nitrate (N03) 1 0 ins 
Ortho-phosphate 1 0 ns 
pH 1 0 ins 
PhosphoruSiota1 1 0 ins 
Potassium (K) 1 0 ins 
Redox 1 0 ins 
Rubidium (Rb) 1 0 ins 
Selenium (Se) 1 0 ins 
Silcate (Si) 1 0 ins 
Silver (Ag) 1 1 ins 
Sodium (Na) 1 0 ins 
Specific Conductivity 1 0 ins 

• Strontium (Sr) I 0 ins 
Sulfate (S04) 1 0 ins 
Sulfur (S) 1 0 ins 
Temperature 1 0 ins 
Thallium (Tl) 1 0 ins 
Tin (Sn) . 0 ns ins 
Titanium (Ti) 1 0 ins 
Total dissolved solids 1 0 ins 
Total organic carbon 1 0 ins 
Total phosphate 0 ns ins 
Total suspended solids 1 0 ins 
Vanadium (V) 1 0 ins 
Zinc (Zn) 1 0 ins 
Zirconium (Zr) 0 ns ins 
1 ins = insufficient number of detections to calculate statistics 
2 ns=not sampled 

Meari UCL mean Median 
: · . .. 

ug/L 
ins ins 212000 
ins ins 0.69 
ins ins < 0.0080 
ins ins 0.84 
ins ins 90 
ins ins < 0.01 
ins ins ns 
ins ins < 13 
ins ins <0.20 
ins ins < 0.020 
ins ins 57522 
ins ins ns 
ins ins 3330 
ins ins 0.10 
ins ins 0.25 
ins ins 26 
ins ins 6940 
ins ins 266 
ins ins ns 
ins ins 47 
ins ins 0.32 
ins ins 9.1 
ins ins 24639 
ins ins 13 
ins ins 0.15 
ins ins <4.2 
ins ins 12 
ins ins 2030 
ns ns 10 
ins ins 7.35 
ins ins 31 
ins ins 734 
ins ins 53 
ins ins 656 
ins ins 2.0 
ins ins 7655 
ins ins < 0.0090 
ins ins 2177 
ins ins 473 
ins ins 47 
ins ins 5160 
ins ins 5239 
ins ins 9.3 
ins ins 0.034 
ins ins ns 
ins ins 0.0069 
ins ins 289000 
ins ins 1100 
ins ins ns 
ins ins 1000 
ins ins 9.7 
ins ins 10 
ins ins ns 

95th •• Minimum 
percentilt! • .. • .. ·:• 

ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ns ns 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 

D-23 

:t\1:aximum 
.· .. 

ins 
ins 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins ' 
ins 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ns 



Table D.18: Descriptive statistics for the Prairie du Chien Group (OPDC). 

·.;·~ • ) No.of No1values Distribution I> : .,;· ·.• ... > ~a111ples • censored ....... : 

Alkalinity 36 0 normal 
Aluminum {Al) 34 6 log-censored 
Antimony (Sb) 34 5 log-censored 
Arsenic (As) 34 1 log-censored 
Barium (Ba) 36 0 log-normal 
Beryllium (Be) 34 28 log-censored 
Bismuth (Bi) 9 9 ins' 
Boron (B) 36 6 log-censored 
Bromide (Br) 36 36 ins 
Cadmium (Cd) 34 8 log-censored 
Calcium (Ca) 36 0 normal 
Cesium (Cs) 9 0 normal 
Chloride (Cl) 36 0 log-normal 
Chromium (Cr) 34 5 log-censored 
Cobalt (Co) 34 0 log-normal 
Copper (Cu) 36 17 log-censored 
Dissolved Oxygen 36 11 log-censored 
Eh 36 0 normal 
Fluoride (F)" 24 0 log-normal 
Iron (Fe) 36 0 log-normal 
Lead (Pb) 34 2 log-censored 
Lithium (Li) 36 10 log-censored 
Magnesium (Mg) 36 0 log-normal 
Manganese (Mn) 36 9 log-censored 
Mercury (Hg) 25 24 ins 
Molybdenum (Mo) 36 33 log-censored 
Nickel (Ni) 36 26 log-censored 
Nitrate (N03) 36 21 log-censored 
Ortho-phosphate 19 7 log-censored 
pH 36 0 normal 
PhosphorustotaJ 36 0 log-normal 
Potassium (K) 36 0 log-normal 
Redox 36 0 normal 
Rubidium (Rb) 36 33 log-censored 
Selenium (Se) 26 6 log-censored 
Silcate (Si) 36 0 log-normal 
Silver (Ag) 34 22 log-censored 
Sodium (Na) 36 0 

,. 

Specific Conductivity 36 0 normal 
Strontium (Sr) 36 0 .t. 

Sulfate (S04) 36 0 log-normal 
Sulfur (S) 36 0 log-normal 
Temperature 36 0 log-normal 
Thallium (Tl) 34 13 log-censored 
Tin (Sn) 9 4 log-censored 
Titanium (Ti) 36 29 log-censored 
Total dissolved solids 36 0 log-normal 
Total organic carbon 36 1 log-censored 
Total phosphate 17 5 log-censored 
Total suspended solids 36 0 

,. 

Vanadium (V) 36 15 log-censored 
Zinc (Zn) 36 1 log-censored 
Zirconium (Zr) 9 8 ins 

.. 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

. 

Mean UCL mean; •• Median 
.: 

ug/L 
293611 322434 272000 

0.77 13 0.93 
0.024 0.18 0.023 
0.51 4.1 0.46 
62 81 60 

0.0025 0.022 < 0.010 
ins ins < 0.040 
37 317 30 
ins ins <0.20 

0.074 1.4 0.075 
82180 893241 80176 
0.026 0.032 0.030 
3448 6150 2645 
0.25 2.1 0.26 
0.44 0.71 0.44 
5.9 31 6.1 
934 11059 920 
256 298 251 
285 346 285 
225 458 487 
0.44 4.8 0.50 
7.6 30 7.7 

27599 30346 26492 
15 673 23 
ins ins < 0.10 
1.6 4.7 <4.2 
3.6 14 <6.0 
649 9042 < 500 
9.2 64 10 
7.22 7.30 7.25 
38 186 34 

1899 2370 1700 
39 81 39 
348 685 < 555 
1.1 3.0 1.0 

8017 9061 8419 
0.0032 0.16 < 0.0090 

- - 5763 
641 718 598 
- - 13 

9022 11452 8750 
10247 13056 9508 

9.5 9.8 9.5 
0.010 0.32 0.0095 
0.055 0.26 0.050 

0.0014 0.0070 < 0.0035 
410472 457447 370500 
2714 15472 2400 

26 178 20 
- - 2000 

5.1 11 4.9 
69 675 79 
ins ins < 0.030 

,. 95th Mi11imum 
pen~entile 

454550 111000 
16 < 0.060 

0.23 < 0.0080 
6.8 < 0.060 
209 5.1 

O.o28 < 0.010 
ins < 0.040 
374 < 13 
ins <0.20 
2.9 < 0.020 

123607 34318 
ins 0.010 

149660 320 
2.5 < 0.050 
4.8 0.15 
39 < 5.5 

9835 <300 
477 -36 
605 200 

4028 4 
4.4 < 0.030 
39 <4.5 

48959 16033 
368 <0.90 
0.16 < 0.10 
5.1 <4.2 
14 < 6.0 

10864 < 500. 
ins < 5.0 

7.61 6.72 
260 15 
7494 551 
263 -248 
733 < 555 
3.4 < 1.0 

14425 3387 
0.22 < 0.0090 

93877 2013 
1100 2 
515 61 

43601 2240 
45927 2560 
10.8 6.4 
0.36 < 0.0050 
ins < 0.040 

0.0080 < 0.0035 
796450 264000 
27645 < 500 

ins <20 
15200 1000 

12 <4.7 
731 <2.7 
ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
.. . . . ..... 

469000 
18 

0.25 
12 

259 
0.050 

< 0.040 
523 

<0.20 
5.7 

144905 
0.040 

242480 
3.6 
4.9 
59 

10200 
696 
630 

6672 
4.9 
50 

57023 
451 
0.19 
6.7 
31 

15700 
60 

7.68 
265 
8327 
483 
852 
3.7 

15782 
0.48 

96942 
1350 
571 

61850 
73010 
10.9 
0.46 
0.19 

0.011 
799000 
31300 
250 

22000 
12 

1372 
0.040 



Table D.19: Descriptive statistics for the Plateville Limestone (OPVL) . 

Parameter No.of No. values Distribution 
samples cens9red 

Alkalinity 3 0 ins 1 

Aluminum (Al) 3 0 ins 
Antimony (Sb) 3 1 ins 
Arsenic (As) 3 0 ins 
Barium (Ba) 3 0 ins 
Beryllium (Be) 3 3 ins 
Bismuth (Bi) 2 1 ins 
Boron (B) 3 0 ins 
Bromide (Br) 3 3 ins 
Cadmium (Cd) 3 1 ins 
Calcium (Ca) 3 0 ins 
Cesium (Cs) 2 1 ins 
Chloride (Cl) 3 0 ins 
Chromium (Cr) 3 2 ins 
Cobalt (Co) 3 0 ins 
Copper (Cu) 3 1 ins 
Dissolved Oxygen 3 2 ins 
Eh 3 0 ins 
Fluoride (FY 3 0 ins 
Iron (Fe) 3 0 ins 
Lead (Pb) 3 0 ins 
Lithium (Li) 3 0 ins 
Magnesium (Mg) 3 0 ins 
Manganese (Mn) 3 0 ins 
Mercury (Hg) 1 1 ins 
Molybdenum (Mo) 3 1 ins 
Nickel (Ni) 3 2 ins 
Nitrate (NO3) 3 3 ins 
Ortho-phosphate 0 ns.: ns 
pH 3 0 ins 
Phosphoru5to1a1 3 0 ins 
Potassium (K) 3 0 ins 
Redox 3 0 ins 
Rubidium (Rb) 3 3 ins 
Selenium (Se) 3 1 ins 
Silcate (Si) 3 0 ins 
Silver (Ag) • 3 1 ins 
Sodium (Na) 3 0 ins 
Specific Conductivity 3 0 ins 
Strontium (Sr) 3 0 ins 
Sulfate (SO4) 3 0 ins 
Sulfur (S) 3 0 ins 
Temperature 3 0 ins 
Thallium (Tl) 3 1 ins 
Tin (Sn) 2 1 ins 
Titanium (Ti) 3 2 ins 
Total dissolved solids 3 0 ins 
Total organic carbon 3 0 ins 
Total phosphate 3 0 ins 
Total suspended solids 3 0 ins 
Vanadium (V) 3 2 ins 
Zinc (Zn) 3 0 ins 
Zirconium (Zr) 2 1 ins 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled 

.... 
Mean . UCLmean •• Median 95th 

. .. • . . • •· . .·. .. • percentile 
ug/L 

ins ins 329000 ins 
ins ins 1.3 ins 
ins ins 0.0400 ins 
ins ins 4.2 ins 
ins ins 173 ins 
ins ins < 0.010 ins 
ins ins 0.050 ins 
ins ins 30 ins 
ins ins <0.20 ins 
ins ins 0.020 ins 
ins ins 79425 ins 
ins ins 0.015 ins 
ins ins 12740 ins 
ins ins < 0.050 ins 
ins ins 0.46 ins 
ins ins 17 ins 
ins ins <300 ins 
ins ins 100 ins 
ins ins 230 ins 
ins ins 733 ins 
ins ins 0.44 ins 
ins ins 6.8 ins 
ins ins 43458 ins 
ins ins 186 ins 
ins ins < 0.10 ins 
ins ins 4.7 ins 
ins ins <6.0 ins 
ins ins < 500 ins 
ns ns ns ns 
ins ins 7.30 ins 
ins ins 61 ins 
ins ins 2156 ins 
ins ins -112 ins 
ins ins < 555 ins 
ins ins 1.0 ins 
ins ins 14233 ins 
ins ins 0.051 ins 
ins ins 6690 ins 
ins ins 631 ins 
ins ins 239 ins 
ins ins 5440 ins 
ins ins 6221 ins 
ins ins 10.4 ins 
ins ins 0.0170 ins 
ins ins 0.12 ins 
ins ins < 0.0035 ins 
ins ins 352000 ins 
ins ins 1900 ins 
ins ins 50 ins 
ins ins 2000 ins 
ins ins <4.7 ins 
ins ins 29 ins 
ins ins 0.060 ins 

• Minimum 
. 

283000 
0.32 

< 0.0080 
3.6 
138 

< 0.010 
< 0.040 

30 
<0.20 
< 0.020 
52628 

< 0.010 
4080 

< 0.050 
0.41 
< 5.5 
<300 

50 
210 
672 

0.070 
5.9 

27311 
27 

<0.10 
<4.2 
<6.0 
< 500 

ns 
7.15 
38 

1925 
-160 
< 555 
< 1.0 
12594 

< 0.0090 
5931 
568 
219 
1940 
2184 
10.0 

< 0.0050 
< 0.040 
< 0.0035 
325000 

1200 
30 

2000 
<4.7 

20 
< 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximtiin 
. 

354000 
5.3 

0.044 
14 

228 
< 0.010 
0.070 

85 
<0.20 
0.050 
93202 
0.020 
17510 
0.10 
1.2 

121.3 
130 
240 
270 
752 
0.96 

7 
52490 
305 

< 0.10 
5.7 
9.8 

< 500 
ns 

7.67 
76 

3063 
27 

< 555 
6.9 

14480 
0.15 
7010 
738 
394 
8460 
9637 
11.6 

0.059 
0.20 

0.0052 
442000 
3200 

50 
4000 

13 
43 

0.10 



Table D.20: Descriptive statistics for the St. Peter-Prairie du Chien Formation (OSPC) . 

. . 
· 'Para1,11etef No; ~f:.· ··•· No~values: Distribution Meari • UCL mean Median • /9~th .•• 'Minimum .. 

.•.. • ·. ~alllples censored .• :· ... • ," . . . • . . . percf!ntil~: . , .. 
ug/L 

Alkalinity 2 0 ins• ins ins ins ins 166000 
Aluminum (Al) 0 ns" ins ins ins ns ns ns 
Antimony (Sb) 0 ns ins ins ins ns ns ns 
Arsenic (As) 0 ns ins ins ins ns ns ns 
Barium (Ba) 2 0 ins ins ins ins ins 69 
Beryllium (Be) 0 ns ins ins ins ns ns ns 
Bismuth (Bi) 0 ns ins ins ins ns ns ns 
Boron (B) 2 1 ins ins ins ins ins < 13 
Bromide (Br) 2 2 ins ins ins ins ins <0.20 
Cadmium (Cd) 0 ns ins ins ins ns ns ns 
Calcium (Ca) 2 0 ins ins ins ins ins 52226 
Cesium (Cs) 0 ns ins ins ins ns ns ns 
Chloride (Cl) 2 0 ins ins ins ins ins 1720 
Chromium (Cr) 0 ns ins ins ins ns ns ns 
Cobalt (Co) 0 ns ins ins ins ns ns ns 
Copper (Cu) 2 1 . ins ins ins ins ins < 5.5 
Dissolved Oxygen 2 1 ins ins ins ins ins <300 
Eh 2 0 ins ins ins ins ins 75 
Fluoride (FY 1 1 ins ins ins ins ins 270 
Iron (Fe) 2 0 ins ins ins ins ins 171 
Lead (Pb) 0 ns ins ins ins ns ns ns 
Lithium (Li) 2 1 ins ins ins ins ins <4.5 
Magnesium (Mg) 2 0 ins ins ins ins ins 15933 
Manganese (Mn) 2 0 ins ins ins ins ins 365 
Mercury (Hg) 0 ns ins ins ins ns ns ns 
Molybdenum (Mo) 2 2 ins ins ins ins ins <4.2 
Nickel (Ni) 2 2 ins ins ins ins ins <6.0 
Nitrate (N03) 2 2 ins ins ins ins ins < 500 
Ortho-phosphate 0 ns ns ns ns ns ns ns 

·pH 2 0 ins ins ins ins ins 7.28 
Phosphoru5to1a1 2 0 ins ins ins ins ins 35 
Potassium (K) 2 0 ins ins ins ins ins 1663 
Redox 2 0 ins ins ins ins ins -136 
Rubidium (Rb) 2 2 ins ins ins ins ins < 555 
Selenium (Se) 0 ns ins ins ins ns ns ns 
Silcate (Si) 2 0 ins ins ins ins ins 6839 
Silver(Ag) 0 ns ins ins ins ns ns ns 
Sodium (Na) 2 0 ins ins ins ins ins 3478 
Specific Conductivity 2 0 ins ins ins ins ins 400 
Strontium (Sr) 2 0 ins ins ins ins ins 68 
Sulfate (S04) 2 0 ins ins ins ins ins 4000 
Sulfur (S) 2 0 ins ins ins ins ins 4310 
Temperature 2 0 ins ins ins ins ins 10.0 
Thallium (Tl) 0 ns ins ins ins ns ns ns 
Tin (Sn). 0 ns ins ins ins ns ns ns 
Titanium (Ti) 2 2 ins ins ins ins ins < 0.0035 
Total dissolved solids 2 0 ins ins ins ins ins 288000 
Total organic carbon 2 0 ins ins ins ins ins 1000 
Total phosphate 2 0 ins ins ins ins ins 40 
Total suspended solids 2 0 ins ins ins ins ins 2000 
Vanadium (V) 2 2 ins ins ins ins ins <4.7 
Zinc (Zn) 2 0 ins ins ins ins ins 11 
Zirconium (Zr) 0 ns ins ins ins ns ns ns 
1 ms = msuffic1ent number of detections to calculate statistics 
2 ns = not sampled 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum. 

348000 
ns 
ns 
ns 
76 
ns 
ns 
38 

<0.20 
ns 

91875 
ns 

14800 
ns 
ns 
6.8 
530 
251 
270 
732 
ns 
12 

36858 
398 
ns 

<4.2 
<6.0 
< 500 

ns 
7.52 
76 

2809 
38 

< 555 
ns 

11788 
ns 

5424 
662 
260 

11320 
11205 
11.0 
ns 
ns 

< 0.0035 
474000 

2400 
70 

3000 
<4.7 

73 
ns 



Table D.21: Descriptive statistics for the St. Peter Sandstone (OSTP). 

• Parameter . No.of No.values Distribution 
., ... ,. . samples· ... censored . .. 

Alkalinity 23 0 nonnal 
Aluminum (Al) 23 4 log-censored 
Antimony (Sb) 23 10 log-censored 
Arsenic (As) 23 1 log-censored 
Barium (Ba) 23 0 nonnal 
Beryllium (Be) 23 18 log-censored 
Bismuth (Bi) 9 9 ins' 
Boron (B) 23 3 log-censored 
Brnmide (Br) 23 23 ins 
Cadmium (Cd) 23 4 log-censored 
Calcium (Ca) 23 0 log-normal 
Cesium (Cs) 9 5 log-censored 
Chloride (Cl) 23 0 log-normal 
Chromium (Cr) 23 7 log-censored 
Cobalt (Co) 23 0 log-normal 
Copper (Cu) 23 10 • log-censored 
Dissolved Oxygen 23 11 log-censored 
Eh 23 0 nonnal 
Fluoride (F)" 14 0 normal 
Iron (Fe) 23 0 log-normal 
Lead (Pb) 23 0 log-normal 
Lithium (Li) 23 7 log-censored 
Magnesium (Mg) 23 0 log-normal 
Manganese (Mn) 23 2 log-censored 
Mercury (Hg) 14 14 ins 
Molybdenum (Mo) 23 3 log-censored 
Nickel (Ni) 23 12 log-censored 
Nitrate (NO3) 23 19 log-censored 
Ortho-phosphate 10 5 log-censored 
pH 23 0 

,. 

Phosphoru5wta1 23 0 log-normal 
Potassium (K) 23 0 log-normal 
Redox 23 0 normal 
Rubidium (Rb) 23 21 log-censored 
Selenium (Se) 17 .7 log-censored 
Silcate (Si) 23 0 log-normal 
Silver (Ag) 23 14 log-censored 
Sodium (Na) 23 0 

,. 

Specific Conductivity 23 0 log-normal 
Strontium (Sr) 23 0 log-normal 
Sulfate (SO4) 23 0 log-normal 
Sulfur (S) 23 0 log-normal 
Temperature 23 0 normal 
Thallium (Tl) 23 11 log-censored 
Tin (Sn) 9 7 ins 
Titanium (Ti) 23 15 log-censored 
Total dissolved solids 23 0 

,. 

Total organic carbon 23 0 log-normal 
Total phosphate 13 2 log-censored 
Total suspended solids 23 0 log-normal 
Vanadium (V) 23 9 log-censored 
Zinc (Zn) 23 0 log-normal 
Zirconium (Zr) 9 7 ins 

.. 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Mean UCLmean Median 
.. . 

ug/L 
263546 296027 242000 

1.0 11 2.1 
0.010 O.o71 0.0080 
0.52 3.8 0.53 
72 92 52 

0.0033 0.020 < 0.010 
ins ins < 0.040 
45 249 42 
ins ins <0.20 

0.11 5.3 0.080 
73097 80390 72852 
0.019 0.034 < 0.010 
1988 3589 1230 
0.15 1.2 0.15 
0.53 0.84 0.48 
10 -49 10 

533 10150 470 
196 249 249 
260 414 310 
269 652 384 
0.26 0.47 0.25 
7.9 24 7.9 

25264 28662 23382 
38 1219 31 
ins ins <0.10 
1.5 7.0 4.1 
8.2 12 <6.0 
146 3906 <500 
3.7 28 5.0 
- - 7.25 

38 186 40 
22 2730 1881 
37 69 36 
566 617 < 555 
0.87 4.4 1.0 
7150 8923 8458 

0.0065 0.064 < 0.0090 
- - 4207 

550 610 526 
147 188 143 

6822 9899 8130 
7802 11384 8558 
6.7 10.1 9.8 

0.0089 0.062 0.0080 
ins ins < 0.040 

0.0039 0.0060 < 0.0035 
- - 312000 

2714 15472 1900 
48 169 50 

2493 3295 3000 
5.4 15 4.9 
46 79. 47 
ins ins < 0.030 

95th Minimum 
perce11tile ,. ' 

398800 164000 
5.7 < 0.060 

0.078 < 0.0080 
4.2 < 0.060 
161 5.4 

0.028 < 0.010 
ins < 0.040 
265 < 13 
ins <0.20 
12 < 0.020 

122275 52866 
ins < 0.010 

41520 310 
1.7 < 0.050 
3.0 0.19 
69 < 5.5 

10302 <300 
316 -53 
ins 210 

3409 5.0 
1.2 0.040 
27 <4.5 

44442 18272 
992 <0.90 
ins <0.10 
8.7 <4.2 
12 <6.0 

6516 <500 
ins <5.0 

7.63 4.38 
222 16 
5154 1178 
102 -264 
624 < 555 
ins < 1.0 

13718 3121 
0.093 < 0.0090 
66058 2296 
930 380 
476 60 

51332 1230 
55349 1542 
11.9 6.6 

0.094 < 0.0050 
ins < 0.040 

0.0070 <0.0035 
648000 252000 
18460 600 

ins <20 
8000 1000 

15 <4.7 
399 7.8 
ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 

399000 
5.7 

0.083 
4.3 
165 

0.030 
<0.040 

266 
< 0.20 

13 
123474 
0.030 
48030 

1.8 
3.3 
71 

10830 
322 
630 

353_1 
1.2 
27 

44471 
1019 

< 0.10 
9.0 
12 

7320 
30 

7.64 
235 
5214 
107 
627 
5.4 

13970 
0.11 

73885 
939 
500 

53690 
58839 
12.1 
0.11 
0.17 

0.0068 
657000 
20000 

190 
8000 

16 
402 
0.21 



Table D.22: Descriptive statistics for undifferentiated Precambrian formations (PCCR). 

• • Pararriet¢r No.of···• No.values Distribution 
.. \ ..... ... . ... ·• sa1Dples. •· censored< . 

Alkalinity 26 0 nonnal 
Aluminum (Al) 26 1 log-censored 
Antimony (Sb) 26 7 log-censored 
Arsenic (As) 26 5 log-censored 
Barium (Ba) 26 0 ,/, 

Beryllium (Be) 26 11 log-censored 
Bismuth (Bi) 11 11 insT 

Boron (B) 26 1 log-censored 
Bromide (Br) 26 26 ins 
Cadmium (Cd) 26 13 log-censored 
Calcium (Ca) 26 0 log-nonnal 
Cesium (Cs) 11 4 log-censored 
Chloride (Cl) 26 0 log-nonnal 
Chromium (Cr) 26 5 log-censored 
Cobalt (Co) 26 0 log-nonnal 
Copper (Cu) 26 11 log-censored 
Dissolved Oxygen 26 12 log-censored 
Eh 26 0 nonnal 
Fluoride (F)"' 23 0 log-nonnal 
Iron (Fe) 26 0 log-normal 
Lead (Pb) 26 0 log-nonnal 
Lithium (Li) 26 8 log-censored 
Magnesium (Mg) 26 0 log-normal 
Manganese (Mn) 26 0 log-normal 
Mercury (Hg) 6 5 ins 
Molybdenum (Mo) 26 18 log-censored 
Nickel (Ni) 26 17 log-censored 
Nitrate (NO3) 26 24 log-censored 
Ortho-phosphate 0 ns" ns 
pH 26 0 normal 
PhosphoruStota1 26 0 log-normal 
Potassium (K) 26 0 log-normal 
Redox 26 0 normal 
Rubid.ium (Rb) 26 25 ins 
Selenium (Se) 26 6 log-censored 
Silcate (Si) 26 0 normal 

' Silver (Ag) 26 13 log-censored 
• Sodium (Na) 26 0 ---z: 

Specific Conductivity 26 0 nonnal 
Strontium (Sr) 26 0 log-normal 
Sulfate (SO4) 26 0 ,/, 

Sulfur (S) 26 0 ,/, 

Temperature 26 0 normal 
Thallium (Tl) 26 17 log-censored 
Tin (Sn) 11 2 log-censored 
Titanium (Ti) 26 10 log-censored 
Total dissolved solids 26 0 log-normal 
Total organic carbon 26 1 log-censored 
Total phosphate 26 15 log-censored 
Total suspended solids 26 0 ,: 

Vanadium (V) 26 12 log-censored 
Zinc (Zn) 26 1 log-censored 
Zirconium (Zr) 11 1 log-censored 
1 ms = msuffic1ent number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 

•Meari 
·• 

229154 
8.2 

0.017 
0.62 
-

0.016 
ins 
71 
ins 

0.032 
41390 
0.015 
3205 
0.61 
0.44 
7.4 
761 
208 
490 
433 
0.49 
5.6 

15635 
6.9 
ins 
38 
4.5 
3.4 
ns 
7.4 
32 

2043 
2 

ins 
1.7 

9278 
0.0076 

-
382 
228 
-
-

8.4 
0.0056 
0.075 
0.0019 
282618 
2409 

17 
-

4.6 
18 

0.21 

UCLritean >.l\1ediani• • • 95th . < .•• Mirii1111.im •• 

• .. / .. • .. • perc¢ntile 
1 

ug/L 
286006 211000 515450 33000 

428 9.4 1071 <0.060 
0.088 0.014 0.083 < 0.0080 

8.8 0.64 103 <0.060 
- 39 567 10 

0.14 0.020 0.37 < 0.010 
ins < 0.040 ins <0.040 
788 55 1574 < 13 
ins <0.20 ins <0.20 

0.31 0.020 0.41 < 0.020 
55259 38909 249881 11585 
0.64 0.010 ins < 0.010 
5391 2680 26615 360 
4.5 0.61 15 <0.050 
0.68 0.37 2.2 0.12 
38 7.J 36 ·< 5.5 

29296 735 52395 <300 
247 217 337 -24 
787 490 3674 220 
1024 205 30235 20 
1.1 0.50 8.2 0.090 
37 6.5 147 <4.5 

21667 13501 112569 4206 
224 102 1639 2.8 
ins < 0.10 ins < 0.10 
292 < 4.2 26 <4.2 
15 <6.0 19 <6.0 

1998 < 500 11030 < 500 
ns ns ns ns 
7.7 7.38 8.81 6.30 
239 31 298 15 
2792 2007 8620 360 

32 3 120 -237 
ins < 555 670 < 555 
25 2.0 2.3 < 1.0 

10320 8567 15458 5083 
0.13 0.0090 0.45 < 0.0090 
- 9821 155344 3338 

495 300 ll00 5 
313 197 1638 59 
- 3410 282984 130 
- 3721 303757 586 

8.8 8.5 10.6 6.2 
0.014 < 0.0050 0.020 < 0.0050 
0.51 0.070 ins < 0.040 

0.020 < 0.0035 0.037 < 0.0035 
381066 257000 1941600 64000 
10119 2100 12175 <500 
218 <20 242 <20 
- 4000 83500 1000 
19 5.1 29 <4.7 

258 15 658 <2.7 
3.1 0.29 ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
. 

541000 
1396.4 
0.090 
157 M 

780 
0.51 

< 0.040 
2013 

<0.20 
0.47 

·309399 
0.75 

28830 
20 
2.3 
37 

56000 
348 
4090 
39594 

11 
215 

147192 
2087 
0.10 
29 
23 

16700 
ns 

9.00 
326 
9766 
131 
732 
308 

16249 
0.66 

160995 
1111 
2077 

402460 
429506 

10.8 
0,025 
0.52 
0.049 

2594000 
14100 
270 

108000 
35 
734 
4.1 



Table D.23: Descriptive statistics for undifferentiated Precambrian crystalline formations (PCUU). 

···•· Parameter No.of No .. values Distribution Mean UCLmean • Median 95th Minimum Maximum 
.. .. samples censored .. . .. percentile . ·• 

ug/L 
Alkalinity 3 0 ins' ins ins 333000 ins 72000 390000 
Aluminum (Al) 3 2 ins ins ins < 0.060 ins < 0.060 1.5 
Antimony (Sb) 3 2 ins ins ins < 0.0080 ins < 0.0080 O.Q15 
Arsenic (As) 3 0 ins ins ins 1.4 ins 0.19 2.8 
Barium (Ba) 3 0 ins ins ins 12 ins 1.7 59 
Beryllium (Be) 3 2 ins ins ins < 0.010 ins < 0.010 0.080 
Bismuth (Bi) 1 1 ins ins ins < 0.040 ins ins ins 
Boron (B) 3 1 ins ins ins 271 ins < 13 806 
Bromide (Br) 3 3 ins ins ins <0.20 ins <0.20 <0.20 
Cadmium (Cd) 3 2 ins ins ins < 0.020 ins < 0.020 0.060 
Calcium (Ca) 3 0 ins ins ins 102262 ins 22568 160720 
Cesium (Cs) 1 1 ins ins ins < 0.010 ins ins ins 
Chloride (Cl) 3 0 ins ins ins 2120 ins 420 9680 
Chromium (Cr) 3 1 ins ins ins 1.1 ins < 0.050 1.5 
Cobalt (Co) 3 0 ins ins ins 0.54 ins 0.14 1.0 
Copper(Cu) 3 0 ins ins ins 5.9 ins ·5.5 52 
Dissolved Oxygen 3 1 ins ins ins 1640 ins <300 9110 
Eh 3 0 ins ins ins 159 ins 22 219 
Fluoride (F)" 3 0 ins ins ins 410 ins 200 800 
Iron (Fe) 3 0 ins ins ins 1650 ins 16 1941 
Lead (Pb) 3 0 ins ins ins 0.11 ins 0.050 0.25 
Lithium (Li) 3 0 ins ins ins 20 ins 4.7 41 
Magnesium (Mg) 3 0 ins ins ins 46382 ins 5178 55448 
Manganese (Mn) 3 1 ins ins ins 241 ins <0.90 390 
Mercury (Hg) 2 2 ins ins ins ins ins < 0.10 < 0.10 
Molybdenum (Mo) 3 2 ins ins ins <4.2 ins <4.2 16 
Nickel (Ni) 3 2 ins ins ins <6.0 ins <6.0 16 
Nitrate (N03) 3 3 ins ins ins < 500 ins <500 < 500 
Ortho-phosphate 1 0 ns ns ns 20 ins ins ins 
pH 3 0 ins ins ins 7.20 ins 7.11 7.22 
Phosphoru5u,ta1 3 0 ins ins ins 70 ins 15 71 
Potassium (K) 3 0 ins ins ins 5629 ins 400 6551 
Redox 3 0 ins ins ins -53 ins -191 2 
Rubidium (Rb) 3 2 ins ins ins < 555 ins <555 885 
Selenium (Se) 3 1 ins ins ins 2.0 ins <1.0 8.1 
Silcate (Si) 3 0 ins ins ins 8621 ins 6227 8975 
Silver (Ag) 3 3 ins ins ins < 0.0090 ins < 0.0090 < 0.0090 
Sodium (Na) 3 0 ins ins ins 63903 ins 2961 125967 
Specific Conductivity 3 0 ins ins ins 162 ins 14 1018 
Strontium (Sr) 3 0 ins ins ins 743 ins 30 1682 
Sulfate (S04) 3 0 ins ins ins 58010 ins 1970 182410 
Sulfur (S) 3 0 ins ins ins 60092 ins 2200 182680 
Temperature 3 0 ins ins ins 9.6 ins 6.8 10.1 
Thallium (Tl) 3 2 ins ins ins <0.0050 ins < 0.0050 0.014 
Tin (Sn) 1 0 ins ins ins 0.070 ins ins ins 
Titanium (Ti) 3 2 ins ins ins < 0.0035 ins < 0.0035 0.011 
Total dissolved solids 3 0 ins ins ins 666000 ins 136000 1230000 
Total organic carbon 3 0 ins ins ins 3000 ins 700 3400 
Total phosphate 2 1 ins ins ins ins ins <20 40 
Total suspended solids 3 0 ins ins ins 4000 ins 2000 6000 
Vanadium (V) 3 0 ins ins ins 5.5 ins 4.8 19 
Zinc (Zn) 3 0 ins ins ins 8.0 ins 5.1 48 
Zirconium (Zr) 1 1 ins ins ins < 0.030 ins ins ins 
1 Insufficient number of detections to calculate parametric stat1st1cs 
2 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Table D.24: Descriptive statistics for the Biwabik Iron Formation (PEBI). 

,:· '· <Parameter .. No.of :No~ values' · l)istributio11 Mean' UCLmean Median· 95tM' 'Minimum•.• 
. : .... 

' ' 
sargples · censored • . ., .... , .. , . percentile 

ug/L 
Alkalinity I 0 ins' ins ins 78000 ins ins 
Aluminum (Al) I 0 ins ins ins 0.89 ins ins 
Antimony (Sb) 1 0 ins ins ins 0.14 ins ins 
Arsenic (As) 1 0 ins ins ins 5.0 ins ins 
Barium (Ba) 1 0 ins ins ins 34 ins ins 
Beryllium (Be) 1 0 ins ins ins 0.010 ins ins 
Bismuth (Bi) 1 1 ins ins ins < 0.040 ins ins 
Boron (B) 1 0 ins ins ins 46 ins ins 
Bromide (Br) 1 1 ins ins ins <0.20 ins ins 
Cadmium (Cd) 1 1 ins ins ins < 0.020 ins ins 
Calcium (Ca) 1 0 ins ins ins 30801 ins ins 
Cesium (Cs) . 1 0 ins ins ins 0.11 ins ins 
Chloride (Cl) 1 0 ins ins ins 1270 ins ins 
Chromium (Cr) 1 1 ins ins ins < 0.050 ins ins 
Cobalt (Co) 1 0 ins ins ins 0.17 ins ins 
Copper (Cu) 1 1 ins ins ins < 5.5 ins ins 
Dissolved Oxygen I 1 ins ins ins <300 ins ins 
Eh 1 0 ins ins ins 178 ins ins 
Fluoride (FY 1 0 ins ins ins 300 ins ins 
Iron (Fe) 1 0 ins ins ins 155 ins ins 
Lead (Pb) 1 0 ins ins ins 0.17 ins ins 
Lithium (Li) 1 0 ins ins ins 7.0 ins ins 
Magnesium (Mg) 1 0 ins ins ins 13310 ins ins 
Manganese (Mn) 1 0 ins ins ins 290 ins ins 
Mercury (Hg) 0 ns"' ins ins ins ns ns ns 
Molybdenum (Mo) 1 1 ins ins ins <4.2 ins ins 
Nickel (Ni) 1 1 ins ins ins <6.0 ins ins 
Nitrate (N03) 1 1 ins ins ins <500 ins ins 
Ortho-phosphate 0 ns ns ns ns ns ns ns 
pH 1 0 ins ins ins 7.80 ins ins 
Phosphort1Siota1 1 0 ins ins ins 17 ins. ins 
Potassium (K) 1 0 ins ins ins 1727 ins ins 
Redox 1 0 ins ins ins -36 ins ins 
Rubidium (Rb) 1 1 ins ins ins < 555 ins ins 
Selenium (Se) 1 0 ins ins ins 4.5 ins ins 
Silcate (Si) 1 0 ins ins ins 7921 ins ins 
Silver (Ag) 1 1 ins ins ins < 0.0090 ins ins 
Sodium (Na) 1 0 ins ins ins 4671 ins ins 
Specific Conductivity 1 0 ins ins ins 285 ins ins 
Strontium (Sr) 1 0 ins ins ins 96 ins ins 
Sulfate (S04) 1 0 ins ins ins 21980 ins ins 
Sulfur (S) 1 0 ins ins ins 21499 ins ins 
Temperature 1 0 ins ins ins 9.0 ins ins 
Thallium (Tl) 1 1 ins ins ins < 0.0050 ins ins 
Tin (Sn) 1 0 ins ins ins 0.27 ins ins 
Titanium (Ti) 1 1 ins ins ins < 0.0035 ins ins 
Total dissolved solids 1 0 ins ins ins 202000 ins ins 
Total organic carbon 1 1 ins ins ins <500 ins ins 
Total phosphate 1 1 ins ins ins <20 ins ins 
Total suspended solids 1 0 ins ins ins 2000 ins ins 
Vanadium (V) 1 1 ins ins ins <4.7 ins ins 
Zinc (Zn) 1 0 ins ins ins 151 ins ins 
Zirconium (Zr) 1 1 ins ins ins < 0.030 ins ins 
1 ms = msuffic1ent number of detect10ns to calculate statistics 
2 ns=not sampled 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 

D-30 

Maximinij 
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ins 
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ins 
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Table D.25: Descriptive statistics for Duluth Complex (PMDC) . 

Parameter . No.of • No; values Distribution 
: .. .. samples censored .. 

Alkalinity 1 0 ins' 
Aluminum (Al) 1 0 ins 
Antimony (Sb) 1 0 ins 
Arsenic (As) 1 0 ins 
Barium (Ba) 1 0 ins 
Beryllium (Be) 1 0 ins 
Bismuth (Bi) 1 0 ins 
Boron (B) 1 0 ins 
Bromide (Br) 1 1 ins 
Cadmium (Cd) 1 1 ins 
Calcium (Ca) 1 0 ins 
Cesium (Cs) 1 0 ins 
Chloride (Cl) 1 0 ins 
Chromium (Cr) 1 0 ins 
Cobalt (Co) 1 0 ins 
Copper (Cu) 1 0 ins 
Dissolved Oxygen 1 0 ins 
Eh 1 0 ins 
Fluoride (F)" 1 0 ins 
Iron (Fe) 1 0 ins 
Lead (Pb) 1 0 ins 
Lithium (Li) 1 1 ins 
Magnesium (Mg) 1 0 ins 
Manganese (Mn) 1 0 ins 
Mercury (Hg) 0 ns" ins 
Molybdenum (Mo) 1 0 ins 
Nickel (Ni) 1 1 ins 
Nitrate (N03) 1 1 ins 
Ortho-phosphate 0 ns ns 
pH 1 0 ins 
Phosphoru5iota1 1 0 ins 
Potassium (K) 1 0 ins 
Redox 1 0 ins 
Rubidium (Rb) 1 1 ins 
Selenium (Se) 1 0 ins 
Silcate (Si) 1 0 ins 
Silver (Ag) 1 0 ins 
Sodium (Na) 1 0 ins 
Specific Conductivity 1 0 ins 
Strontium (Sr) 1 0 ins 
Sulfate (S04) 1 0 ins 
Sulfur (S) 1 0 ins 
Temperature 1 0 ins 
Thallium (Tl) 1 1 ins 
Tin (Sn) 1 0 ins 
Titanium (Ti) 1 0 ins 
Total dissolved solids 1 0 ins 
Total organic carbon 1 0 ins 
Total phosphate 1 0 ins 
Total suspended solids 1 0 ins 
Vanadium (V) 1 1 ins 
Zinc (Zn) 1 0 ins 
Zirconium (Zr) 1 0 ins 
1 ms = msuffictent number of detecttons to calculate stat1st1cs 
3 ns=not sampled 

. 

Mean UCL mean 
. . 

ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 

Median : .... 95th Minimum 
.• . perceµtile 

ug/L 
177000 ins ins 

771 ins ins 
0.11 ins ins 
1.2 ins ins 
2.0 ins ins 

0.39 ins ins 
0.060 ins ins 
748 ins ins 

<0.20 ins ins 
< 0.020 ins ins 

4781 ins ins 
0.10 ins ins 
5900 ins ins 
2.1 ins ins 

0.83 ins ins 
79 ins ins 

9100 ins ins 
169 ins ins 

1210 ins ins 
1953 ins ins 
26 ins ins 

<4.5 ins ins 
1807 ins ins 
120 ins ins 
ns ns ns 
8.1 ins ins 

<6.0 ins ins 
<500 ins ins 

ns ns ns 
9.00 ins ins 
66 ins ins 
749 ins ins 
-46 ins ins 

< 555 ins ins 
14 ins ins 

8442 ins ins 
0.050 ins ins 
74622 ins ins 
322 ins ins 
20 ins ins 

3240 ins ins 
3468 ins ins 
8.1 ins ins 

< 0.0050 ins ins 
2.6 ins ins 

0.064 ins ins 
186000 ins ins 

900 ins ins 
60 ins ins 

86000 ins ins 
<4.7 ins ins 
168 ins ins 
1.4 ins ins 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Table D.26: Descriptive statistics for the Mount Simon-Fon du Lac Formation (PMFL). 

• •• Parameter . No.of ' No; values Distribution • ,· Mean UCL mean ·•:Median 95th Minimum •M~ximum ' .. 
., . 

·•· ,· ... .. : sampl~s censored ... ' :' percentile . :_ ,. ... ,: ., 

ug/L 
Alkalinity 2 0 ins' ins ins ins ins 133000 223000 
Aluminum (Al) 2 0 ins ins ins ins ins 6.8 174 
Antimony (Sb) 2 0 ins ins ins ins ins 0.019 0.050 
Arsenic (As) 2 0 ins ins ins ins ins 0.26 1.1 
Barium (Ba) 2 0 ins ins ins ins ins 29 104 
Beryllium (Be) 2 1 ins ins ins ins ins < 0.010 0.020 
Bismuth (Bi) 1 1 ins ins ins < 0.040 ins ins ins 
Boron (B) 2 0 ins ins ins ins ins 14 30 
Bromide (Br) 2 2 ins ins ins ins ins <0.20 <0.20 
Cadmium (Cd) 2 1 ins ins ins ins ins < 0.020 0.41 
Calcium (Ca) 2 0 ins ins ins ins ins 37244 58420 
Cesium (Cs) 1 1 ins ins ins < 0.010 ins ins ins 
Chloride (Cl) 2 0 ins ins ins iris ins 850 1020 
Chromium (Cr) 2 0 ins ins ins ins ins 0.87 5.0 
Cobalt (Co) 2 0 ins ins ins ins ins 0.31 0.68 
Copper (Cu) 2 1 ins ins ins· ins ins <'5.5 48 
Dissolved Oxygen 2 1 ins ins ins ins ins <300 800 
Eh 2 0 ins ins ins ins ins . 216 288 
Fluoride (F)" 1 0 ins ins ins 300 ins ins ins 
Iron (Fe) 2 0 ins ins ins ins ins 219 631 
Lead (Pb) 2 0 ins ins ins ins ins 0.40 15 
Lithium (Li) 2 1 ins ins ins ins ins <4.5 6.0 
Magnesium (Mg) 2 0 ins ins ins ins ins 11902 19695 
Manganese (Mn) 2 0 ins ins ins ins ins 4.5 243 
Mercury (Hg) 0 ns" ins ins ins ns ns ns ns 
Molybdenum (Mo) 2 2 ins ins ins ins ins <4.2 <4.2 
Nickel (Ni) 2 2 ins ins ins ins ins <6.0 <6.0 
Nitrate (N03) 2 2 ins ins ins ins ins < 500 < 500 
Ortho-phosphate 0 ns ns ns ns ns ns ns ns 
pH 2 0 ins ins ins ins ins 7.38 7.50 
Phosphoru5i0 ta1 2 1 ins ins ins ins ins < 14.9 16 
Potassium (K) 2 0 ins ins ins ins ins 723 1390 
Redox 2 0 ins ins ins ins ins 0 72 
Rubidium (Rb) 2 2 ins ins ins ins ins < S-55 < 555 
Selenium (Se) 2 1 ins ins ins ins ins < 1.0 5.9 
Silcate (Si) 2 0 ins ins ins ins ins 11069 11938 
Silver (Ag) 2 0 ins ins ins ins ins 0.0090 0.12 
Sodium (Na) 2 0 ins ins ins ins ins 3250 5884 
Specific Conductivity 2 0 ins ins ins ins ins 282.0000 427 
Strontium (Sr) 2 0 ins ins ins ins ins 41 60 
Sulfate (S04) 2 0 ins ins ins ins ins 2550 4900 
Sulfur (S) 2 0 ins ins ins ins ins 2803 5232 
Temperature 2 0 ins ins ins ins ins 7.5 7.6 
Thallium (Tl) 2 0 ins ins ins ins ins 0.0070 0.010 
Tin (Sn) 1 0 ins ins ins 0.13 ins ins ins 
Titanium (Ti) 2 1 ins ins ins ins ins < 0.0035 0.014 
Total dissolved solids 2 0 ins ins ins ins ins 186000 254000 
Total organic carbon 2 0 ins ins ins ins ins 900 1600 
Total phosphate 2 1 ins ins ins ins ins <20 30 
Total suspended solids 2 0 ins ins ins ins ins 2000 12000 
Vanadium (V) 2 0 ins ins ins ins ins 5.1 6.2 
Zinc (Zn) 2 0 ins ins ins ins ins 3.3 196 
Zirconium (Zr) 1 0 ins ins ins 0.060 ins ins ins 
1 ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled . 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Table D.27: Descriptive statistics for the Mount Simon-Hinckley Formation (Pl\flIN). 

Parameter No.of No.values Distribution ·. 

samples censored .. •••.• 

Alkalinity 3 0 ins' 
Aluminum (Al) 3 0 ins 
Antimony (Sb) 3 1 ins 
Arsenic (As) 3 0 ins 
Barium (Ba) 3 0 ins 
Beryllium (Be) 3 2 ins 
Bismuth (Bi) 3 3 ins 
Boron (B) 3 2 ins 
Bromide (Br) 3 3 ins 
Cadmium (Cd) 3 3 ins 
Calcium (Ca) 3 0 ins 
Cesium (Cs) 3 2 ins 
Chloride (CI) 3 0 ins 
Chromium (Cr) 3 1 ins 
Cobalt (Co) 3 0 ins 
Copper (Cu) 3 2 ins 
Dissolved Oxygen 3 -3 ins 
Eh 3 0 ins 
Fluoride (F)" 3 1 ins 
Iron (Fe) 3 0 ins 
Lead (Pb) 3 0 ins 
Lithium (Li) 3 2 ins 
Magnesium (Mg) 3 0 ins 
Manganese (Mn) 3 0 ins 
Mercury (Hg) 0 ns"' ins 
Molybdenum (Mo) 3 2 ins 
Nickel (Ni) 3 2 ins 
Nitrate (NO3) 3 3 ins 
Ortho-phosphate 0 ns ns 
pH 3 0 ins 
PhosphorustotaI 3 0 ins 
Potassium (K) 3 0 ins 
Redox 3 0 ins 
Rubidium (Rb) 3 2 ins 
Selenium (Se) 3 2 ins 
Silcate (Si) 3 0 ins 
Silver (Ag) 3 2 ins 
Sodium (Na) 3 0 ins 
Specific Conductivity 3 0 ins 
Strontium (Sr) 3 0 ins 
Sulfate (SO4) 3 0 ins 
Sulfur (S) 3 0 ins 
Temperature 3 0 ins 
Thallium (Tl) 3 2 ins 
Tin (Sn) 3 1 ins 
Titanium (Ti) 3 2 ins 
Total dissolved solids 3 0 ins 
Total organic carbon 3 0 ins 
Total phosphate 3 1 ins 
Total suspended solids 3 0 ins 
Vanadium (V) 3 1 ins 
Zinc (Zn) 3 0 ins 
Zirconium (Zr) 3 2 ins 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled 

•• .. •· Mea.n UCLmean Median 95th 
·. •: .. ..... percentile 

ug/L 
ins ins 110000 ins 
ins ins 3.2 ins 
ins ins 0.030 ins 
ins ins 2.7 ins 
ins ins 33 ins 
ins ins < 0.010 ins 
ins ins < 0.040 ins 
ins ins < 13 ins 
ins ins < 0.20 ins 
ins ins < 0.020 ins 
ins ins 26173 ins 
ins ins < 0.010 ins 
ins ins 1660 ins 
ins ins 0.15 ins 
ins ins 0.99 ins 
ins ins· <5.5 ins 
ins ins <300 ins 
ins ins 160 ins 
ins ins 200 ins 
ins ins 1634 ins 
ins ins 0.45 ins 
ins ins <4.5 ins 
ins ins 8925 ins 
ins ins 139 ins 
ins ins ns ns 
ins ins <4.2 ins 
ins ins <6.0 ins 
ins ins < 500 ins 
ns ns ns ns 
ins ins 6.80 ins 
ins ins 43 ins 
ins ins 677 ins 
ins ins -55 ins 
ins ins < 555 ins 
ins ins < 1.0 ins 
ins ins 11996 ins 
ins ins < 0.0090 ins 
ins ins 4096 ins 
ins ins 248.000 ins 
ins ins 45 ins 
ins ins 2040 ins 
ins ins 2200 ins 
ins ins 7.8 ins 
ins ins < 0.0050 ins 
ins ins 0.040 ins 
ins ins < 0.0035 ins 
ins ins 150000 ins 
ins ins 2700 ins. 
ins ins 20 ins 
ins ins 4000 ins 
ins ins 6.1 ins 
ins ins 16 ins 
ins ins < 0.030 ins 

Minimum 

91000 
0.74 

< 0.0080 
1.1 
32 

< 0.010 
< 0.040 

< 13 
<0.20 
< 0.020 
21864 

< 0.010 
490 

<0.050 
0.41 
< 5.5 
<300 

158 
200 
121 

0.060 
<4.5 
8202 
42 
ns 

<4.2 
<6.0 
<500 

ns 
6.20 
19 

525. 
-57 

<555 
< 1.0 
5742 

< 0.0090 
3718 
228 
35 
310 
390 
7.8 

< 0.0050 
< 0.040 
< 0.0035 
142000 

1500 
<20 
3000 
<4.7 
2.8 

< 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum• 

127000 
7.0 
0.13 
3.3 
111 

0.030 
< 0.040 

51 
<0.20 
<0.020 
32651 
0.020 
2690 
2.3 
3.8 
13 

<300 
242 
200 

15511 
1.3 
12 

9220 
505 
ns 
4.4 
9.2 

<500 
ns 

8.19 
160 
1436 
28 
713 
6.5 

15026 
0.020 
9340 
250 
186 

2510 
2695 
8.5 

0.040 
0.18 

0.0054 
152000 
7200 
120 

8000 
12 
23 

0.52 



Table D.28: Descriptive statistics for the North Shore Volcanics group (PMNS). 

•••••• ·Parameter: . .·•.No.of . ·No;y~~ues Distribution 
.. sam.ples censortd 

Alkalinity 16 0 nonnal 
Aluminum (Al) 17 0 log-nonnal 
Antimony (Sb) 17 2 log-censored 
Arsenic (As) 17 1 log-censored 
Barium (Ba) 17 3 log-censored 
Beryllium (Be) 17 6 log-censored 
Bismuth (Bi) 13 13 ins 
Boron (B) 17 1 log-censored 
Bromide (Br) 17 IS log-censored 
Cadmium (Cd) 17 8 log-censored 
Calcium (Ca) 17 0 nonnal 
Cesium (Cs) 13 3 log-censored 
Chloride (Cl) 17 0 log-nonnal 
Chromium (Cr) 17 3 log-censored 
Cobalt (Co) 17 1 log-censored 
Copper (Cu) 17 5 log-censored 
Dissolved Oxygen 17 9 log-censored 
Eh 17 0 nonnal 
Fluoride (Ff 17 2 nonnal 
Iron (Fe) 17 0 log-nonnal 
Lead (Pb) 17 0 .t. 

Lithium (Li) 17 5 log-censored 
Magnesium (Mg) 17 0 nonnal 
Manganese (Mn) 17 0 log-nonnal 
Mercury (Hg) 0 ns"' ns 
Molybdenum (Mo) 17 9 log-censored 
Nickel (Ni) 17 9 log-censored 
Nitrate (N03) 17 15 logacensored 
Ortho-phosphate 0 ns ns 
pH 17 0 nonnal 
PhosphoruSiota1 17 5 log-censored 
Potassium (K) 17 1 log-censored 
Redox 17 0 nonnal 
Rubidium (Rb) 17 15 log-censored 
Selenium (Se) 17 7 log-censored 
Silcate (Si) 17 0 nonnal 
Silver (Ag) 17 5 log..:censored 
Sodium (Na) 17 0 log-nonnal 
Specific Conductivity 17 0 log-nonnal 
Strontium (Sr) 17 0 log-nonnal 
Sulfate (S04) 17 0 log-nonnal 
Sulfur (S) 17 0 log-nonnal 
Temperature 17 0 nonnal 
Thallium (Tl) 17 11 log-censored 
Tin (Sn) 13 2 log-censored 
Titanium (Ti) 17 5 log-censored 
Total dissolved solids 17 0 log-nonnal 
Total organic carbon 17 0 log-nonnal 
Total phosphate 17 9 log-censored 
Total suspended solids 17 0 

,. 

Vanadium (V) 17 5 log-censored 
Zinc (Zn) 17 2 log-censored 
Zirconium (Zr) 13 2 log-censored 

• ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a nonnal or log-nonnal distribution 
3 ns=not sampled 

.M~an 

139500 
48 

0.031 
0.9 
8.3 

0.017 
ins 
204 

0.074 
0.036 
26867 
0.032 
3222 
0.60 
0.38 
10 

1146 
162 
669 
391 

-
8.0 

11626 
27 
ns 
6.0 
3.9 
1.8 
ns 

8.20 
24 
908 
-51 
532 
1.4 

8956 
0.014 
22454 
325 
113 

3578 
396S 
7.8 

0.0011 
0.087 

0.0054 
217020 

1631 
8.2 

-
6.7 
14 

0.14 

UCL mean ; . .Me~iaiI 95th • 
.• percentile 

ug/L 
16827S 125500 ins• 

163 37 ins 
0.20 0.040 ins 
7.9 0.98 ins 
103 7.0 ins 
0.92 0.020 ins 
ins < 0.040 ins 

3156 129 ins 
1.1 <0.20 ins 

0.45 0.030 ins 
35145 26763 ins 

1.5 0.030 ins 
8995 1880 ins 
20 0.66 ins 
5.2 0.29 ins 
165 12 ins 

14919 <300 ins 
205 173 ins 
951 430 ins 
1514 238 ins 

- 0.38 ins 
43 11 ins 

1S990 11528 ins 
62 28 ins 
ns ns ns 
15 <4.2 ins 
73 <6.0 ins 

1686 < 500 ins 
ns ns ns 

8.60 8.00 ins 
564 23 ins 

4218 776 ins 
-4 -42 ins 

582 < 5S5 ins 
9.4 1.7 ins 

11194 9039 ins 
0.13 0.013 ins 

39747 17890 ins 
431 339.000 ins 
189 121 ins 

6677 2930. ins 
7213 3390 ins 
8.7 7.8 ins 

0.11 < 0.0050 ins 
0.28 0.080 ins 
0.069 0.0050 ins 

283204 238000 ins 
2271 1300 ins 
792 <20 ins 

- 4000 ins 
43 6.5 ins 

371 13 ins 
2.9 0.10 ins 

• Minimum 

66000 
1.1 

< 0.0080 
< 0.060 

< 1.4 
< 0.010 
<0.040 

< 13 
<0.20 

< 0.020 
1298 

< 0.010 
280 

< 0.050 
<0.09 
< 5.S 
<300 

7.3 
230 
9.6 

0.060 
<4.5 
409 
1.5 
ns 

<4.2 
<6.0 
< 500 

ns 
6.90 
< 15 

< 119 
-209 

< 555 
< 1.0 
4637 

< 0.0090 
4187 
163 
11 

S80 
698 
6.0 

< 0.0050 
<0.040 
< 0.003S 
108000 

900 
<20 
2000 
<4.7 
<2.7 

< 0.030 

4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximfrin. 

217000 
2179 
0.26 
14.8 
153 
2.S 

0.030 
3524 
1.50 
1.0 

5S204 
1.6 

231230 
92 
49 

450 
10690 
263 
1600 

123730 
16 
75 

76379 
1116 
ns 
15 

234 
3900 

ns 
9.43 
1566 
6408 

46 
589 
11 

53216 
0.24 

177736 
1029 
611 

82430 
882S2· 
11.6 
0.42 
0.37 
0.23 

614000 
S700 
1660 

1732000 
112 

1078 
S.8 



Table D.29: Descriptive statistics for the Sioux Quartzite (PMSX) . 

Parameter 
.. 

No.of No. values Distribution 
. "•· sa111ples .. censored .• 

Alkalinity 4 0 ins 1 

Aluminum (Al) 4 1 ins 
Antimony (Sb). 4 0 ins 
Arsenic (As) 4 0 ins 
Barium (Ba) 4 0 ins 
Beryllium (Be) 4 3 ins 
Bismuth (Bi) 0 ns"' ins 
Boron (B) 4 0 ins 
Bromide (Br) 4 4 ins 
Cadmium (Cd) 4 1 ins 
Calcium (Ca) 4 0 ins 
Cesium (Cs) 0 ns ins 
Chloride (Cl) 4 0 ins 
Chromium (Cr) 4 1 ins 
Cobalt (Co) 4 0 ins 
Copper(Cu) 4 0 ins 
Dissolved Oxygen 4 1 ins 
Eh 4 0 ins 
Fluoride (FY 4 3 ins 
Iron (Fe) 4 1 ins 
Lead (Pb) 4 0 ins 
Lithium (Li) 4 1 ins 
Magnesium (Mg) 4 0 ins 
Manganese (Mn) 4 1 ins 
Mercury (Hg) 4 4 ins 
Molybdenum (Mo) 4 1 ins 
Nickel (Ni) 4 1 ins 
Nitrate (N03) 4 1 ins 
Ortho-phosphate • 1 0 ns 
pH 4 0 ins 
Phosphoru5iota1 4 0 ins 
Potassium (K) 4 0 ins 
Redox 4 0 ins 
Rubidium (Rb) 4 2 ins 
Selenium (Se) 4 2 ins 
Silcate (Si) 4 0 ins 
Silver (Ag) 4 4 ins 
Sodium (Na) 4 0 ins 
Specific Conductivity 4 0 ins 
Strontium (Sr) 4 0 ins 
Sulfate (S04) 4 0 ins 
Sulfur (S) 4 0 ins 
Temperature 4 0 ins 
Thallium (Tl) 4 1 ins 
Tin (Sn). 0 ns ins 
Titanium (Ti) 4 1 ins 
Total dissolved solids 4 0 ins 
Total organic carbon 4 0 ins 
Total phosphate 3 0 ins 
Total suspended solids 4 0 ins 
Vanadium (V) 4 1 ins 
Zinc (Zn) 4 0 ins 
Zirconium (Zr) 0 ns ins 
• ms = msuffic1ent number of detections to calculate stat1st1cs 
2 ns=not sampled 

Mean UCLmean 

ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ns ns 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 
ins ins 

Median 95th Minimum 
. percentile . 

ug/L 
244000 ins 161000 

0.11 ins < 0.060 
0.054 ins 0.025 

3.2 ins 1.1 
40 ins 9.9 

< 0.010 ins < 0.010 
ns ns ns 

315 ins 14 
<0.20 ins <0.20 
0.040 ins <0.020 

215512 ins 61694 
ns ns ns 

3780 ins 2010 
0.15 ins < 0.050 
1.1 ins 0.24 
28 ins 5.4-

3305 ins <300 
401 ins 223 
200 ins 200 
67 ins <3.2 

0.62 ins 0.31 
71 ins <4.5 

68360 ins 18758 
1062 ins <0.90 

< 0.10 ins < 0.10 
6.2 ins <4.2 
16 ins <6.0 

1030 ins < 500 
20 ins ins 

6.63 ins 6.10 
124 ins 45 

3846 ins 758 
188 ins 13 
663 ins < 555 
1.0 ins <LO 

12707 ins 7706 
< 0.0090 ins < 0.0090 

73459 ins 13522 
1414.000 ins 552 

741 ins 234 
197480 ins 8650 
235986 ins 8695 

9.9 ins 9.1 
0.014 ins <0.0050 

ns ns ns 
0.0055 ins <0.0035 

1368500 ins 364000 
2050 ins 700 
40 ins 30 

1500 ins 1000 
19 ins <4.7 
8.0 ins 3.3 
ns ns ns 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
· .. ,.· . 

427000 
3.1 
0.20 
4.3 
470 

0.080 
ns 

763 
<0.20 
0.35 

420429 
ns 

42070 
0.17 
3.4 
39 

11330 
531 
200 
782 
0.71 
125 

150542 
2364 

<0.10 
11 
25 

12220 
ins 

6.91 
247 
9560 
318 
1009 
2.6 

14527 
< 0.0090 
134398 

2550.000 
2214 

433230 
522112 

11.8 
0.37 
ns 

0.0099 
2577000 

3300 
50 

2000 
29 
29 
ns 



Table D.30: Descriptive statistics for undifferentiated Proterozoic Metasedimentary units 
(PMUD). 

; •• Parameter 
.. No~of ,No~values Distribt1tion 

',. : .... : samples censor~() 

Alkalinity 22 0 nonnal 
Aluminum (Al) 23 2 log-censored 
Antimony (Sb) 23 9 log-censored 
Arsenic (As) 23 9 log-censored 
Barium (Ba) 23 2 log-censored 
Beryllium (Be) 23 13 log-censored 
Bismuth (Bi) 15 15 ins 
Boron (B) 23 3 log-censored 
Bromide (Br) 23 23 ins 
Cadmium (Cd) 23 14 log-censored 
Calcium (Ca) 23 0 nonnal 
Cesium (Cs) 15 7 log-censored 
Chloride (Cl) 23 0 

,. 

Chromium (Cr) 23 9 log-censored 
Cobalt (Co) 23 1 log-censored 
Copper(Cu) 23 11 log-censored 
Dissolved Oxygen 23 17 log-censored 
Eh 22 0 nonnal 
Fluoride (Ff 20 0 nonnal 
Iron (Fe) 23 0 log-nonnal 
Lead (Pb) 23 0 log-nonnal 
Lithium (Li) 23 10 log-censored 
Magnesium (Mg) 23 0 log-nonnal 
Manganese (Mn) 23 1 log-censored 
Mercury (Hg) 2 1 ins 
Molybdenum (Mo) 23 7 log-censored 
Nickel (Ni) 23 16 log-censored 
Nitrate (NO3) 23 21 log-censored 
Ortho-phosphate 0 ns" ns 
pH 22 0 nonnal 
Phosphoru5rota1 23 0 log-nonnal 
Potassium (K) 23 0 nonnal 
Redox 22 0 nonnal 
Rubidium (Rb) 23 23 ins 
Selenium (Se) 23 4 log-censored 
Silcate (Si) 23 0 nonnal 
Silver(Ag) 23 12 log-censored 
Sodium (Na) 23 0 log-nonnal 
Specific Conductivity 22 0 nonnal 
Strontium (Sr) 23 0 log-nonnal 
Sulfate (SO4) 23 2 log-censored 
Sulfur (S) 23 1 log-censored 
Temperature 22 0 nonnal 
Thallium (Tl) 23 17 I og-censored 
Tin (Sn) 15 5 log-censored 
Titanium (Ti) 23 17 log-censored 
Total dissolved solids 23 0 log-nonnal 
Total organic carbon 23 3 log-censored 
Total phosphate 23 11 log-censored 
Total suspended solids 23 0 

,. 

Vanadium (V) 23 16 log-censored 
Zinc (Zn) 23 1 log-censored 
Zirconium (Zr) 15 4 I og-censored 

' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a nonnal or log-nonnal distribution 

. ; u,..A_ •· 1 :UC:~ m¢a, 
{ ,. ;;;:4· .·. ······· ...... ,., .. 

.... •.:.·/ .• ,::::, .. :•:,:j:•: 

170091 205509 
5.2 96 

0.016 0.097 
0.95 8.6 
35 244 

0.0045 0.082 
ins ins' 
39 357 
ins ins 

0.020 0.19 
38707 49886 
0.080 0.97 

- -
0.26 2.8 
0.32 2.3 
8.2 41 
99 8111 
187 236 
390 538 
225 504 
0.47 0.71 
4.8 34 

8268 15406 
39 1358 
ins ins 
4.0 8.9 
4.5 15 
30 3001 
ns ns 

7.64 7.95 
35 147 

1804 2411 
-3 10 
ins ins 
2.2 18 

8498 9623 
0.0085 0.083 
12601 19638 
357 441 
119 220 
1778 14458 
2088 20026 
7.8 8.2 

0.0049 0.031 
0.095 0.23 

0.00056 0.016 
221871 272082 

1835 5562 
19 152 

- -
3.4 15 
12 102 

0.049 0.19 

; ; Medi.an/. , •• 95th • Minimum;: 
percentile : 

ug/L 
159500 327600 47000 

3.9 1876 < 0.060 
0.010 0.090 < 0.0080 

1.1 8.1 < 0.060 
42 209 <1.4 

< 0.010 0.30 < 0.010 
< 0.040 ins < 0.040 

36 596 < 13 
<0.20 ins <0.20 

< 0.020 0.25 < 0.020 
31704 86057 539 
0.070 ins < 0.010 
1850 4049620 320 
0.28 4.6 < 0.050 
0.22 4.8 < 0.090 
6.8 38 < 5.5 

<300 27962 <300 
216 327 -63 
350 888 200 
209 10337 12 
0.47 7.7 0.050 
5.0 45 <4.5 

13317 31407 201 
65 2130 <0.90 
ins ins < 0.10 

<4.2 9.7 <4.2 
<6.0 16 <6.0 
< 500 6880 < 500 

ns ns ns 
7.60 9.00 6.10 
35 269 15 

1540 5371 146 
-1 113 -279 

< 555 ins < 555 
2.1 77 < 1.0 

8688 13592 2921 
< 0.0090 0.11 < 0.0090 

10241 103693 3305 
330 765 56 
125 786 1 

1950 16714 < 100 
2374 16766 <21.8 
7.7 9.7 6.7 

< 0.0050 0.034 < 0.0050 
0.10 ins < 0.040 

< 0.0035 0.055 < 0.0035 
222000 618800 90000 

1700 5420 < 500 
20 242 <20 

4000 120800 1000 
<4.7 18 <4.7 

11 249 <2.7 
0.050 ins < 0.030 

3 ns=not sampled 
4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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M:axirnum 

330000 
2330 
0.090 

8.3 
209 
0.37 

< 0.040 
635 

<0.20 
0.25 

86947 
0.83 

5029000 
5.4 
5.1 
39 

34100 
327 
890 

11763 
8.7 
50 

31558 
2508 
0.17 
10 
16 

8100 
ns 

9.10 
292 
5761 
113 

< 555 
93 

13669 
0.12 

108875 
778 
872 

16740 
16781 

9.8 
0.035 
0.23 

0.067 
664000 

5500 
270 

148000 
20 

278 
0.18 



Table D.31: Descriptive statistics for buried Quaternary artesian aquifers (QBAA). 

" Parameter No;of • • No. values Distribution 
... . ·. samples censored ... 

Alkalinity 385 0 I. 

Aluminum (Al) 385 87 log-censored 
Antimony (Sb) 385 159 log-censored 
Arsenic (As) 385 26 log-censored 
Barium (Ba) 387 2 log-censored 
Beryllium (Be) 385 272 log-censored 
Bismuth (Bi) 117 ins' ins 
Boron (B) 387 25 log-censored 
Bromide (Br) 386 375 log-censored 
Cadmium (Cd) 385 202 log-censored 
Calcium (Ca) 387 0 4 

Cesium (Cs) 117 99 log-censored 
Chloride (Cl) 387 2 log-censored 
Chromium (Cr) 385 88 log-censored 
Cobalt (Co) 385 0 I. 

Copper (Cu) 387 215 log-censored 
Dissolved Oxygen 387 254 log-censored 
Eh 386 0 normal 
Fluoride (F)" 387 95 I. 

Iron (Fe) 387 3 log-censored 
Lead (Pb) 385 47 log-censored 
Lithium (Li) 387 91 log-censored 
Magnesium (Mg) 387 0 .I. 

Manganese (Mn) 387 16 log-censored 
Mercury (Hg) 173 152 log-censored 
Molybdenum (Mo) 387 233 log-censored 
Nickel (Ni) 387 176 log-censored 
Nitrate (N03) 386 342 log-censored 
Ortho-phosphate 29 4 log-censored 
pH 386 0 I. 

Phosphoru5iota1 387 19 log-censored 
Potassium (K) 387 1 log-censored 
Redox 386 0 normal 
Rubidium (Rb) 387 340 log-censored 
Selenium (Se) 386 77 log-censored 
Silcate (Si) 387 0 I. 

Silver (Ag) 385 274 log-censored 
Sodium (Na) 387 0 I. 

Specific Conductivity 386 0 .I. 

Strontium (Sr) 387 2 I. 

Sulfate (S04) 387 34 I. 

Sulfur (S) 387 1 .I. 

Temperature 386 0 I. 

Thallium (Tl) 385 269 log-censored 
Tin (Sn) 117 46 log-censored 
Titanium (Ti) 387 303 log-censored 
Total dissolved solids 387 0 I. 

Total organic carbon 385 4 log-censored 
Total phosphate 358 6 log-censored 
Total suspended solids 387 0 I. 

Vanadium (V) 387 194 log-censored 
Zinc (Zn) 387 52 log-censored 
Zirconium (Zr) 117 59 log-censored 

.. 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution. 

Mean • 
·• 

-
0.78 
3.3 
5.7 
59 

0.0049 
ins 
90 

0.0024 
0.021 

-
0.00090 

2788 
0.41 
-

4.6 
198 
165 
-

767 
0.19 
14 
-

119 
0.050 
4.0 
4.2 
9.0 
48 
-

98 
2981 
-48 
275 
2.3 
-

0.0037 
-
-
-
-
-
-

0.0031 
0.058 
0.0016 

-
2633 
48 
-

5.1 
13 

0.029 

UCLmean Median 95th 
• .... ·. percentile 

ug/L 

- 328000 466900 
26 0.88 48 
22 0.011 0.070 
90 2.6 35 
345 61 332 

0.029 < 0.010 0.030 
ins < 0.040 < 0.040 

1022 98 924 
0.10 <0.20 ins 
0.37 < 0.020 0.51 
- 79537 279572 

0.041 < 0.010 0.071 
30049 2320 39284 

3.1 0.49 2.6 
- 0.46 1.7 

33 < 5.5 ' 31 
4410 <300 5374 
175 158 298 
- 380 964 

11612 1179 6706 
2.0 0.18 2.1 
121 14 117 
- 30515 87088 

1042 131 993 
0.13 < 0.10 0.15 
12 <4.2 13 
16 <6.0 17 

1465 < 500 1800 
313 50 335 
- 7.29 8.10 

399 102 427 
10252 3068 10106 

-38 -56 86 
743 < 555 789 
12 2.4 11 
- 11914 15091 

0.10 < 0.0090 0.11 
- 18812 174140 
- 619 2126 
- 304 1630 
- 7300 307468 
- 8110 339908 
- 8.9 10.6 

0.036 < 0.0050 0.044 
0.45 0.060 0.48 

0.0090 < 0.0035 0.010 
- 430000 1875600 

7705 2600 7300 
313 60 411 
- 5000 22000 
18 <4.7 20 

124 13 152 
0.57 < 0.030 0.65 

Minimum 

49000 
< 0.060 
< 0.0080 
< 0.060 
< 1.4 

< 0.010 
< 0.040 

< 13 
<0.20 
< 0.020 

30 
< 0.010 
< 100 

< 0.050 
0.090 
< 5.5 
<300 
-82 
200 
<3.2 

< 0.030 
<4.5 

59 
<0.90 
<0.10 
<4.2 
<6.0 
<500 
<5.0 
6.20 
< 15 
< 119 
-295 
< 555 
< 1.0 
3490 

< 0.0090 
1597 

2 
<0.60 
< 100 
<22 
6.4 

< 0.0050 
< 0.040 
< 0.0035 
96000 
<500 
<20 
1000 
<4.7 
<2.7 

< 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
... 

565000 
870 
6.8 
91 

1391 
0.19 
0.50 
4763 
2.5 
2.4 

476013 
0.36 

860510 
8.3 
5.1 
530 

28300 
576 
3960 
20207 
210 
447 

206048 
2939 
0.24 
21 
40 

33240 
410 
8.50 
1514 

128473 
365 
1581 
31 

17430 
0.97 

1095280 
6860 
3255 

630080 
1451700 

13.0 
0.15 
1.5 

0.046 
3394000 
25600 
1440 

516000 
36 

1911 
3.6 



Table D.32: Descriptive statistics for unconfined buried Quaternary aquifers (QBUA) . 

Parametfr • No.of 
.. 

•No.values Distribution Mean • UCL. m«!a~ , Median· ;':i95th • Minimum ••• 

•· .. .. ,sa111pler·· ,ce~sored ,, .· •• pe.-c.e11tl1¢ : 
ug/L 

Alkalinity 104 0 normal 272524 292779 281000 441750 30000 
Aluminum (Al) 103 24 log-censored 0.72 12 0.91 20 < 0.060 
Antimony (Sb) 103 43 log-censored 0.015 0.10 0.016 0.11 < 0.0080 
Arsenic (As) 103 5 log-censored 1.7 16 1.9 17 < 0.060 
Barium (Ba) 104 0 

,. - - 71 413 1.6 
Beryllium (Be) 103 85 log-censored 0.0010 0.032 < 0.010 0.030 < 0.010 
Bismuth (Bi) 30 30 ins ins' ins < 0.040 ins <0.040 
Boron (B) 104 17 log-censored 26 178 23 364 < 13 
Bromide (Br) 102 102 ins ins ins <0.20 <0.20 <0.20 
Cadmium (Cd) 103 64 log-censored 0.017 0.15 < 0.020 0.13 < 0.020 
Calcium (Ca) 104 0 

,. - - 78821 174622 42 
Cesium (Cs) 30 27 log-censored 0.0021 0.012 < 0.010 0.014 < 0.010 
Chloride (Cl) 104 0 log-normal 4404 6087 3625 57295 280 
Chromium (Cr) 103 13 log-censored 0.47 3.9 0.69 2.8 < 0.050 
Cobalt (Co) 103 3 log-censored 0.43 1.3 0.46 1.3 < 0.090 
Copper (Cu) 104 54 log-censored 5.7 32 ·< 5.5 36 < 5.5 
Dissolved Oxygen 104 67 log-censored 725 12308 < 500 12910 < 500 
Eh 104 0 normal 210 226 220 351 -16 
Fluoride (F)" 104 36 

,. - - 305 813 200 
Iron (Fe) 104 3 log-censored 250 9744 367 6307 <3.2 
Lead (Pb) 103 6 log-censored 0.22 2.1 0.19 3.1 < 0.030 
Lithium (Li) 104 36 log-censored 6.6 56 7.1 84 <4.5 
Magnesium (Mg) 104 0 

,. - - 26539 71524 70 
Manganese (Mn) 104 9 log-censored 87 1322 152 661 <0.90 
Mercury (Hg) 40 37 log-censored 0.034 0.11 < 0.10 0.13 < 0.10 
Molybdenum (Mo) 104 82 log-censored 1.7 9.3 <4.2 11 <4.2 
Nickel (Ni) 104 82 log-censored 3.9 14 <6.0 13 <6.0 
Nitrate (NO3) 104 76 log-censored 76 10949 < 500 13650 <500 
Ortho-phosphate 3 1 ins ins ins 10 ins <5.0 
pH 104 0 

,. - - 7.20 7.99 6.00 
PhosphorustotaJ 104 15 log-censored 54 247 57 269 < 14.9 
Potassium (K) 104 0 

,. - - 1796 7188 313 
Redox 104 0 normal -4.3 12 5 139 -230 
Rubidium (Rb) 104 94 log-censored 305 702 < 555 764 < 555 
Selenium (Se) 103 11 log-censored 3.2 20 3.2 17 <1.0 
Silcate (Si) 104 0 

,. - - 10867 14427 3331 
Silver (Ag) 103 64 log-censored 0.0050 0.14 < 0.0090 0.22 < 0.0090 
Sodium (Na) 104 0 log-normal 7259 9030 5906 102219 1438 
Specific Conductivity 104 0 

,. - - 533 1475 38 
Strontium (Sr) 104 0 ;. - - 112 967 0.70 
Sulfate (SO4) 104 7 log-censored 5156 7394 5280 133763 < 100 
Sulfur (S) 104 0 log-normal 5843 8188 5406 133952 40 
Temperature 104 0 normal 8.9 9.0 8.8 11 7.0 
Thallium (Tl) 103 64 log-censored 0.0029 0.027 < 0.0050 0.031 < 0.0050 
Tin (Sn). 30 13 log-censored 0.060 0.65 0.060 0.92 < 0.040 
Titanium (Ti) 104 87 log-censored 0.0024 0.0070 < 0.0035 0.0070 < 0.0035 
Total dissolved solids 104 0 

;. - - 350000 1176500 28000 
Total organic carbon • 104 3 log-censored 2004 6591 1900 8575 < 500 
Total phosphate 101 23 log-censored 39 244 40 240 <20 
Total suspended solids 104 0 

,. - - 2000 16750 1000 
Vanadium (V) 104 53 log-censored 4.8 15 <4.7 14 <4.7 
Zinc (Zn) 104 10 log-censored 13 97 12 144 <2.7 
Zirconium (Zr) 30 18 log-censored 0.011 0.29 < 0.030 0.78 < 0.030 
' ms = insufficient number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 

515000 
65 

0.20 
40 
657 
0.41 

< 0.040 
993 

<0.20 
1.4 

436238 
0.020 

296800 
4.7 
2.4 
65 

23000 
448 
1500 

22451 
18 

115 
139936 

1311 
0.18 
21 
28 

98020 
60 

8.40 
508 

94813 
234 
1140 
613 

20396 
0.80 

239924 
3160 
2543 

328130 
366990 

12 
0.15 
1.2 

0.011 
2737000 

21700 
470 

44000 
29 

420 
1.4 



Table D.33: Descriptive statistics for buried undifferentiated Quaternary aquifers (QBUU). 

Parameter : No.of ·. No~values Distribution 
• samples censored . ·,· 

Alkalinity 22 0 nonnal 
Aluminum (Al) 22 3 log-censored 
Antimony (Sb) 22 1 log-censored 
Arsenic (As) 22 1 log-censored 
Barium (Ba) 22 1 log-censored 
Beryllium (Be) 22 12 log-censored 
Bismuth (Bi) 0 ns" ns 
Boron (B) 22 0 log-censored 
Bromide (Br) 22 22 ins' 
Cadmium (Cd) 22 3 log-censored 
Calcium (Ca) 22 0 " 

Cesium (Cs) 0 ns log-censored 
Chloride (Cl) 22 0 log-nonnal 
Chromium (Cr) 22 11 log-censored 
Cobalt (Co) 22 0 log-nonnal 
Copper (Cu) 22 12 log-censored 
Dissolved Oxygen 22 15 log-censored 
Eh 22 0 :, 

Fluoride (Ff 22 17 log-censored 
Iron (Fe) 22 0 log-nonnal 
Lead (Pb) 22 1 log-censored 
Lithium (Li) 22 2 log-censored 
Magnesium (Mg) 22 0 :, 

Manganese (Mn) 22 0 log-nonnal 
Mercury (Hg) 22 22 ins 
Molybdenum (Mo) 22 16 log-censored 
Nickel (Ni) 22 21 ins 
Nitrate (N03) 22 20 log-censored 
Ortho-phosphate 0 ns ins 
pH 22 0 nonnal 
Phosphoru5iota1 22 0 log-nonnal 
Potassium (K) 22 0 nonnal 
Redox 22 0 :, 

Rubidium (Rb) 22 19 log-censored 
Selenium (Se) 22 6 log-censored 
Silcate (Si) 22 0 log-nonnal 
Silver (Ag) 22 20 log-censored 
Sodium (Na) 22 0 nonnal 
Specific Conductivity 22 0 " 

Strontium (Sr) 22 1 log-censored 
Sulfate (S04) 22 0 nonnal 
Sulfur (S) 22 0 log-nonnal 
Temperature 22 0 nonnal 
Thallium (Tl) 22 8 log-censored 
Tin (Sn) 0 ns ns 
Titanium (Ti) 22 20 ins 
Total dissolved solids 22 0 log-nonnal 
rotal organic carbon 21 0 log-nonnal 
Total phosphate 22 3 log-censored 
Total suspended solids 22 0 log-nonnal 
Vanadium (V) 22 11 log-censored 
Zinc (Zn) 22 1 log-censored 
Zirconium (Zr) 0 ns ns 

.. 1 ms = msuffic1ent number of detections to conduct statistical analysis 
2 ns=not sampled 
3 Data did not fit a nonnal or log-nonnal distribution 

Mean 
.. . 

381143 
0.50 
0.052 
3.6 
51 

0.0068 
ns 

293 
ins 

0.12 
-

0.0021 
2119 
0.066 
0.72 
4.4 
79 
-

330 
250 
0.30 
33 
-

160 
ins 
4.6 
ins 

0.18 
ins 
7.0 
74 

5116 
-

465 
1.5 

12788 
0.015 
63364 

-
507 

75797 
47282 
10.2 

0.012 
ns 
ins 

713674 
3463 

41 
5894 
5.5 
36 
ns 

UCL mean Median 95th Minimum 
. : percentile 

ug/L 
406062 385000 476250 275000 

29 0.36 983 < 0.060 
0.14 0.056 0.13 < 0.0080 
67 2.8 49 < 0.060 
199 52 195 <1.4 

0.090 <0.010 0.15 < 0.010 
ns ns ns ns 

392 279 802 23 
ins <0.20 ins <0.20 

0.80 0.13 0.95 < 0.020 
- 114917 322669 371 

0.012 ns ns ns 
4310 2185 92968 200 
2.1 0.060 7.1 < 0.050 
1.4 0.99 4.5 0.31 
50 <5.5 93 <5.5 

7135 < 500 16197 <500 
- 261 494 86 

371 330 ins 200 
9744 2080 9440 6.6 
3.8 0.27 8.4 < 0.030 
156 36 171 <4.5 
- 42087 106915 160 

349 205 12 1.8 
ins < 0.10 ins <0.10 
12 <4.2 13 <4.2 
ins <6.0 7.5 <6.0 

1815 <500 9357 < 500 
ins ns ns ns 

7.01 7.10 7.28 6.59 
320 80 615 15 
6438 4960 13420 467 
- 49 280 -126 

639 < 555 672 < 555 
6.5 1.8 10 < 1.0 

14171 13548 15600 5859 
0.082 < 0.0090 0.11 <0.0090 
91530 47568 217771 3267 

- 955.000 1950 1.0000 
1482 561 1903 <0.60 

112129 42390 273149 5100 
80427 43256 336056 5494 
10.5 10.l 11.8 8.7 

0.089 0.011 0.11 < 0.0050 
ns ns ns ns 
ins < 0.0035 0.049 < 0.0035 

885523 608000 1856100 322000 
4527 3400 10900 1000 
239 50 539 <20 

11814 7000 771400 1000 
16 5.1 18 <4.7 

348 25 460 <2.7 
ns ns ns ns 

4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maximum 
• 

477000 
1151 
0.13 
49 
200 
0.16 
ns 

807 
0.10 
1.0 

330219 
ns 

105610 
8.0 
4.7 
98 

18400 
526 
520 

9966 
9.5 
182 

107828 
1239 

< 0.10 
13 
7.8 

10870 
ns 

7.29 
677 

14311 
312 
681 
11 

15622 
0.11 

218891 
1980 
2052 

283800 
352oi6 

11.8 
0.12 
ns 

0.057 
1920000 
11200 
600 

904000 
18 

485 
ns 



Table D.34: Descriptive statistics for unconfined, undifferentiated Quaternary aquifers (QUUU). 

:,,, Parameter ', No.9r···.·· :No. :values >Disfr.ibuµon 1.· 

.. ' saDJples censored, ' :< 

Alkalinity 4 0 ins' 
Aluminum (Al) 4 1 ins 
Antimony (Sb) 4 0 ins 
Arsenic (As) 4 0 ins 
Barium (Ba) 4 0 ins 
Beryllium (Be) 4 4 ins 
Bismuth (Bi) 0 ns" ns 
Boron (B) 4 1 ins 
Bromide (Br) 4 4 ins 
Cadmium (Cd) 4 1 ins 
Calcium (Ca) 4 0 ins 
Cesium (Cs) 0 ns ns 
Chloride (Cl) 4 0 ins 
Chromium (Cr) 4 I ins 
Cobalt (Co) 4 0 ins 
Copper (Cu) 4 1 ins 
Dissolved Oxygen 4 0 ins 
Eh 4 0 ins 
Fluoride (Ft 4 2 ins 
Iron (Fe) 4 1 ins 
Lead (Pb) 4 0 ins 
Lithium (Li) 4 1 ins 
Magnesium (Mg) 4 0 ins 
Manganese (Mn) 4 0 ins 
Mercury (Hg) 4 3 ins 
Molybdenum (Mo) 4 1 ins 
Nickel (Ni) 4 1 ins 
Nitrate (NO3) 4 1 ins 
Ortho-phosphate 3 1 ins 
pH 4 0 ins 
Phosphorustotal 4 1 ins 
Potassium (K) 4 1 ins 
Redox 4 0 ins 
Rubidium (Rb) 4 2 ins 
Selenium (Se) 4 1 ins 
Silcate (Si) 4 0 ins 
Silver (Ag) 4 4 ins 
Sodium (Na) 4 0 ins 
Specific Conductivity 4 0 ins 
Strontium (Sr) 4 0 ins 
Sulfate (SO4) 4 0 ins 
Sulfur (S) 4 0 ins 
Temperature 4 0 ins 
Thallium (Tl) 4 2 ins 
Tin (Sn) 0 ns ns 
Titanium (Ti) 4 1 ins 
Total dissolved solids 4 0 ins 
Total organic carbon 4 0 ins 
Total phosphate 1 1 ins 
Total suspended solids 4 0 ins 
Vanadium (V) 4 1 ins 
Zinc (Zn) 4 0 ins 
Zirconium (Zr) 0 ns ns 

' ins = insufficient number of detections to conduct statistics 
2 ns = not sampled 

Mean 
,' 

ins 
ins 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ns 
ins 
ins 
ins 
ins 
ins 
ins 
ins 
ns 

UCVmeari Median • 95th. MirijmuJll· 
.. ' 

percentile 1, 

ug/L 
ins 326000 ins ,297000 
ins 0.74 ins < 0.060 
ins 0.049 ins 0.030 
ins 1.2 ins 0.35 
ins 15 ins 11 
ins < 0.010 ins < 0.010 
ns ns ns ns 
ins 165 ins < 13 
ins <0.20 ins <0.20 
ins 0.050 ins < 0.020 
ins 265785 ins 88108 
ns ns ns ns 
ins 15715.0 ins 3840 
ins 0.17 ins < 0.050 
ins 0.84 ins 0.18 
ins 27 ins < 5.5 
ins 11305 ins 1000 
ins 463 ins 294 
ins 1375 ins 510 
ins 50 ins <3.2 
ins 0.40 ins 0.13 
ins 86 ins <4.5 
ins 73278 ins 28445 
ins 143 ins 3.8 
ins <0.10 ins < 0.10 
ins 8.5 ins <4.2 
ins 19 ins <6.0 
ins 5080 ins < 500 
ins 5.0 ins <5.0 
ins 6.83 ins 6.60 
ins 55 ins < 15 
ins 6757 ins < 118.5 
ins 249 ins 80 
ins 779 ins < 555 
ins 2.2 ins < 1.0 
ins 12463 ins 11894 
ins < 0.0090 ins < 0.0090 
ins 29180 ins 4185 
ins 1817.000 ins 666 
ins 1005 ins 135 
ins 227065 ins 6070 
ins 232842 ins 6051 
ins 9.3 ins 8.9 
ins 0.0065 ins < 0.0050 
ns ns ns ns 
ins 0.0090 ins < 0.0035 
ins 1466000 ins 383000 
ins 3200 ins 2100 
ins <20 ins ins 
ins 4000 ins 1000 
ins 20 ins <4.7 
ins 30 ins 21 
ns ns ns ns 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
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Maxinium 
:,:::,, ,,, 

342000 
43 

0.16 
2.8 
48 

< 0.010 
ns 

682 
<0.20 
0.15 

404766 
ns 

44620 
0.56 
1.4 
41 

17300 
519 

2240 
3943 
0.76 
133 

86159 
1039 
0.11 
14 
27 

10550 
10 

7.14 
157 

10582 
306 
1459 
6.0 

15930 
< 0.0090 

75062 
2230 
1415 

307770 
334352 

9.4 
0.026 

ns 
0.016 

1971000 
6500 
ins 

10000 
33 

329 
ns 



Table D.35: Descriptive statistics for Quaternary water table aquifers (QWTA). 

,· Parameter No;of•· .... No .. values Distribution Meari UCLmeari •• Median 95th Minimum· 
. samples censored 

' : . percentile 
ug/L 

Alkalinity 118 0 normal 246155 264411 237500 415900 31000 
Aluminum (Al) 118 25 log-censored 0.99 46 1.2 83 < 0.060 
Antimony (Sb) 118 44 log-censored 0.014 0.11 0.017 0.11 < 0.0080 
Arsenic (As) 118 11 log-censored 1.0 10 1.3 10 < 0.060 
Barium (Ba) 119 0 log-normal 78 94 85 349 2.9 
Beryllium (Be) 118 71 log-censored 0.0057 0.048 < 0.010 0.060 < 0.010 
Bismuth (Bi) 43 43 ins 1 ins ins < 0.040 ins < 0.040 
Boron (B) 119 19 log-censored 25 95 24 83 < 13 
Bromide (Br) 117 117 ins ins ins <0.20 ins <0.20 
Cadmium (Cd) 118 65 log-censored 0.029 0.15 < 0.020 0.16 < 0.020 
Calcium (Ca) 119 0 

,. - - 74237 148883 99 
Cesium (Cs) 43 33 log-censored 0.0018 0.07 < 0.010 0.084 < 0.010 
Chloride (Cl) 119 0 log-normal 5102 6917 5810 97250 260 
Chromium (Cr) 118 16 log-censored 0.44 3.4 0.55 3.0 < 0.050 
Cobalt (Co) 118 0 

,. - - 0.48 1.5 0.020 
Copper(Cu) 119 57 log-censored 5.9 28 6.3 25 < 5.5 
Dissolved Oxygen 119 71 log-censored 497 9834 <500 10140 <500 
Eh 119 0 normal 188 203 187 311 -62 
Fluoride (F)"' 72 47 log-normal 324 355 300 676 200 
Iron (Fe) 119 1 log-censored 492 16899 811 9884 <3.2 
Lead (Pb) 117 10 log-censored 0.19 2.4 0.18 3.6 < 0.030 
Lithium (Li) 119 45 log-censored 5.6 30 5.7 35 <4.5 
Magnesium (Mg) 119 0 

,. - - 22224 59156 121 
Manganese (Mn) 119 10 log-censored 109 1417 176 1011 <0.90 
Mercury (Hg) 37 29 log-censored 0.082 0.14 <0.10 0.15 <0.10 
Molybdenum (Mo) 119 101 log-censored 2.0 6.6 <4.2 6.6 <4.2 
Nickel (Ni) 119 82 log-censored 4.9 13 <6.0 14 <6.0 
Nitrate (N03) 119 87 log-censored 310 8348 <500 10400 <500 
Ortho-phosphate 3 0 ins ins ins 20.0 ins 10 
pH 119 0 

,. - - 7.21 8.08 5.70 
Phosphoru5iota1 119 11 log-censored 57 253 56 310 < 15 
Potassium (K) 119 1 log-censored 1783 5267 1766 5321 < 119 
Redox 119 0 normal -24 2.9 -24 96 -274 
Rubidium (Rb) 119 109 log-censored 343 644 < 555 667 <555 
Selenium (Se) 118 28 log-censored 2.2 15 2.1 10 < 1.0 
Silcate (Si) 119 0 normal 1.0964 11515 10819 15847 5480 
Silver (Ag) 118 68 log-censored 0.0067 0.12 < 0.0090 0.15 < 0.0090 
Sodium (Na) 119 0 

,. - - 4986 83019 1746 
Specific Conductivity 119 0 log-normal 415 480 465 1200 2 
Strontium (Sr) 119 0 

,. - - 105 484 1.3 
Sulfate (S04) 119 19 log-censored 3707 47877 4250 54680 < 100 
Sulfur (S) 119 0 

,. - - 4603 51980 100 
Temperature 119 0 

,. - - 8.8 11.1 5.8 
Thallium (Tl) 118 70 log-censored 0.0042 0.030 < 0.0050 0.040 <0.0050 
Tin (Sn) 43 15 log-censored 0.059 0.20 0.060 0.19 < 0.040 
Titanium (Ti) 119 87 log-censored 0.0015 0.010 < 0.0035 0.010 < 0.0035 
Total dissolved solids 119 0 

,. - - 340000 964000 68000 
Total organic carbon 119 1 log-censored 2446 8895 2400 10700 <500 
Total phosphate 116 24 log-censored 44 343 40 376 <20 
Total suspended solids 119 0 

,. - - 4000 25000 1000 
Vanadium (V) 119 54 log-censored 5.8 14 5.4 14 <4.7 
Zinc (Zn) 119 10 log-censored 13 108 12 109 <2.7 
Zirconium (Zr) 43 21 log-censored 0.054 1.0 0.030 1.4 < 0.030 .. 1 ms = msuffic1ent number of detections to conduct stat1st1cs 
2 Data did not fit a normal or log-normal distribution 
3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 

D-41 

Maximum 

528000 
756 
0.41 
22 

2392 
0.14 

<0.040 
747 

<0.20 
0.29 

278470 
0.27 

357830 
5.7 
2.5 
140 

17000 
479 
1020 
15824 
162 
72 

104892 
2474 
0.16 
12 
26 

22300 
40 

8.40 
488 

10434 
264 
868 
214 

23012 
0.65 

190579 
2160 
1157 

297300 
320531 

13.2 
0.076 
0.31 
0.047 

1978000 
17600 
1020 

42000 
18 

1250 
2.1 



Table D.36: Descriptive statistics for Cambrian aquifer group. 

,,·:·':.: •Parameter"; .. No~ of• No~ values Distribution ' 
', . ,. •samples •• ·censored 

Alkalinity 102 0 " 
Aluminum (Al) 100 17 log-censored 
Antimony (Sb) 100 38 log-censored 
Arsenic (As) 100 9 log-censored 
Barium (Ba) 102 0 log-normal 
Beryllium (Be) 100 73 log-censored 
Bismuth (Bi) 44 42 ins' 
Boron (B) 102 24 log-censored 
Bromide (Br) 102 101 ins 
Cadmium (Cd) 100 38 log-censored 
Calcium (Ca) 102 0 " 
Cesium (Cs) 45 22 log-censored 
Chromium (Cr) 100 17 log-censored 
Chloride (Cl) 102 2 log-censored 
Cobalt (Co) 100 0 log-normal 
Copper (Cu) 102 54 log-censored 
Dissolved Oxygen 102 49 log-censored 
Eh 102 0 nonnal 
Fluoride (F)" 95 26 

,. 

Iron (Fe) 102 5 log-censored 
Lead (Pb) 100 6 

.. 
Lithium (Li) 102 43 log-censored 
Magnesium (Mg) 102 0 " 
Manganese (Mn) 102 16 .. 
Mercury (Hg) 53 50 log-censored 
Molybdenum (Mo) 102 86 log-censored 
Nickel (Ni) 102 78 log-censored 
Nitrate (NO3) 102 78 log-censored 
Ortho-phosphate 27 18 log-censored 
pH 102 0 

,. 

Phosphorus10ta1 102 18 .. 
Potassium (K) 102 0 .. 
Redox 102 0 normal 
Rubidium (Rb) 102 95 log-censored 
Selenium (Se) 86 28 log-censored 
Silcate (Si) 102 0 log-normal 
Silver(Ag) 100 58 log-censored 
Sodium (Na) 102 0 .. 
Specific Conductivity 102 0 normal 
Strontium (Sr) 102 0 

.. 
Sulfate (SO4) 102 5 log-censored 
Sulfur (S) 102 0 log-normal 
Temperature 102 0 .. 
Thallium (Tl) 100 47 'I 

Tin (Sn) 44 16 log-censored 
Titanium (Ti) 102 83 log-censored 
Total dissolved solids 100 0 " 
Total organic carbon 102 8 log-censored 
Total phosphate 75 26 log-censored 
Total suspended solids 100 0 log-normal 
Vanadium (V) 102 57 log-censored 
Zinc (Zn) 102 2 .. 
Zirconium (Zr) 44 30 log-censored 

' ms = msufficient number of detections to calculate statistics 
2 Data did not fit a normal or log-nonnal distribution 

•Mean·• UCL.mean 
' ' ·,.: . 

- -
1.1 16 

0.015 0.082 
0.71 9.0 
45 197 

0.0072 0.027 
ins ins 
31 260 
ins ins 

0.039 0.55 

- -
0.012 0.043 
0.32 4.2 
1389 10309 
0.51 0.61 
5.4 38 
454 20471 
184 207 

- -
440 12594 
- -

0.0057 0.029 
- -
- -

0.020 0.087 
2.4 6.6 
4.1 10 
205 2776 
2.9 31 

- -
- -
- -

-17 9 
324 613 
1.2 5.9 

7375 9169 
0.0061 0.19 

- -
579 654 

- -
4923 51070 
6153 9320 

- -
- -

0.067 0.50 
0.0028 0.0060 

- -
1895 9149 
27 398 

4147 5298 
5.6 12 
- -

0.0088 0.18 

•'Median 95th >Minimum 
• p¢rc¢ntile •. · 

ug/L 

- - -
1.4 23 < 0.060 

0.013 0.090 < 0.0080 
0.70 11 < 0.060 
42 212 2.0 

< 0.010 0.040 < 0.010 
<0.040 ins < 0.040 

26 278 < 13 
<0.20 ins <0.20 
0.050 0.46 < 0.020 

- - -
< 0.010 0.040 < 0.010 

0.31 2.9 < 0.,050 
1090 34074 <200 
0.53 1.5 0.090 
< 5.5 38 < 5.5 
<300 17496 <300 
202 418 -201 
280 553 150 
830 5746 <3.2 
- - -

6.0 32 <4.5 

- - -
- - -

< 0.10 0.10 < 0.10 
<4.2 7.4 <4.2 
<6.0 10 <6.0 
<500 2686 < 500 
<5.0 36 < 5.0 
7.32 7.93 1.50 
- - -
- - -

-11 206 -412 
< 555 637 < 555 
< 1.0 6.4 < 1.0 
8275 14797 3601 

< 0.0090 0.26 < 0.0090 

- - -
498 1100 3 

- - -
5785 63234 < 100 
6175 67981 51 

- - -
- - -

0.070 0.87 < 0.040 
< 0.0035 0.0060 <0.0035 

- - -
2000 13835 <500 

20 648 <20 
4000 16000 1000 
<4.7 12 <4.7 

- - -
< 0.030 0.14 < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 

D-42 

'Maxi.mum 

-
105 
0.13 
18 

664 
0.040 
0.080 
353 
0.49 
4.6 

-
0.040 

28 
127 
4.9 
118 

105300 
457 

2510 
62577 

-
55 

-
-

0.17 
10 
14 

9200 
40 

8.69 

-
-

244 
893 
8.1 

29313 
0.78 

-
1217 

-
108920 
112855 

-
-

0.97 
0.0090 

-
18500 
720 

206000 
20 

-
1.8 



Table D.37: Descriptive statistics for Ordovician aquifer group. 

• Parameter No.of No;values Distribution 
.. s~mples censored .. . 

Alkalinity 87 0 normal 
Aluminum (Al) 83 15 log-censored 
Antimony (Sb) 83 26 .. 
Arsenic (As) 83 3 .. 
Barium (Ba) 87 0 .. 
Beryllium (Be) 83 66 log-censored 
Bismuth (Bi) 20 19 .. 
Boron (B) 87 11 log-censored 
Bromide (Br) 86 86 ins' 
Cadmium (Cd) 83 14 .. 
Calcium (Ca) 87 0 log-normal 
Cesium (Cs) 20 6 log-censored 
Chromium (Cr) 83 26 .. 
Chloride (Cl) 87 0 

,. 

Cobalt (Co) 83 0 
,. 

Copper (Cu) 87 33 log-censored 
Dissolved Oxygen 87 37 log-censored 
Eh 87 0 .. 
Fluoride (FY 63 1 log-normal 
Iron (Fe) 87 0 .. 
Lead (Pb) 83 2 log-censored 
Lithium (Li) 87 20 log-censored 
Magnesium (Mg) 87 0 

,. 

Manganese (Mn) 87 11 log-censored 
Mercury (Hg) 62 60 .. 
Molybdenum (Mo) 87 57 log-censored 
Nickel (Ni) 87 53 log-censored 
Nitrate (N03) 87 64 log-censored 
Ortho-phosphate 49 14 .. 
pH 87 0 .t. 

Phosphoru5to1a1 87 0 .. 
Potassium (K) 87 0 log-normal 
Redox 87 0 .. 
Rubidium (Rb) 87 61 log-censored 
Selenium (Se) 64 14 log-censored 
Silcate (Si) 87 0 .. 
Silver (Ag) 83 59 .. 
Sodium (Na) 87 0 .. 
Specific Conductivity 87 0 .. 
Strontium (Sr) 87 0 log-normal 
Sulfate (S04) 87 2 log-censored 
Sulfur (S) 87 0 .t. 

Temperature 87 0 .. 
Thallium (Tl) 83 34 log-censored 
Tin (Sn) 20 12 log-censored 
Titanium (Ti) 87 62 log-censored 
Total dissolved solids 87 0 .t. 

Total organic carbon 87 1 .. 
Total phosphate 38 7 log-censored 
Total suspended solids 87 0 

,. 

Vanadium (V) 87 37 log-censored 
Zinc (Zn) 87 1 log-censored 
Zirconium (Zr) 20 16 ins 

• ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Mean •• UCLmeari 
.. ·•·.• 

319145 338045 
0.081 11 

- -
- -
- -

0.0027 0.056 
- -

43 333 
ins ins 

- -
80223 85585 
0.019 0.039 
- -
- -
- -

8.2 42 
680 8900 
- -

304 328 
- -

0.31 2.7 
0.0090 0.034 

- -
32 610 
- -

2.8 6.3 
5.8 13 
29 6700 
- -
- -
- -

1636 1908 
- -

420 647 
0.87 3.8 
- -
- -
- -
- -

167 439 
7700 44380 
- -
- -

0.0076 0.13 
0.045 0.22 

0.0028 0.0068 
- -
- -

38 159 
- -

5.7 12 
47 400 
ins ins 

·Median ·• .. :95th Minimum 
per~entile 

ug/L 
284000 414200 111000 

1.1 6.5 < 0.060 
- - -
- - -
- - -

< 0.010 0.020 < 0.010 
- - -

37 374 < 13 
<0.20 ins <0.20 

- - -
78558 122024 34318 
0.020 0.039 < 0.010 

- - -
2170 46854 220 
0.41 3.1 0.15 
9.0 53 <5.5 
520 9138 <300 
- - -

290 586 200 
- - -

0.29 3.8 < 0.030 
9.0 44 <4.5 

25408 46619 15357 
36 430 <0.90 
- - -

<4.2 6.7 <4.2 
<6.0 12 <6.0 
< 500 7668 <500 

- - -
7.20 7.60 4.38 
- - -

1814 5314 551 
- - -

< 555 658 <555 
1.0 3.9 < 1.0 
- - -
- - -
- - -
- - -

162 497 47 
8130 58586 < 100 
8935 65712 50 
- - -

0.0080 0.17 < 0.0050 
< 0.040 0.20 < 0.040 
< 0.0035 0.0070 < 0.0035 
352000 774400 238000 

- - -
55 193 <20 

3000 11200 1000 
5.0 13 <4.7 
52 418 <2.7 

< 0.030 0.20 < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 

D-43 

Maximum 
··• 

469000 
18 
-
-
-

0.37 
-

567 
0.67 
-

144905 
0.040 
-

242480 
4.9 
121 

17140 
-

630 
-

6.1 
62 

60246 
1019 
-

9.0 
31 

30460 
-

7.68 
-

18309 
-

852 
6.9 
-
-
-
-

571 
142430 
148668 

-
0.46 
0.20 
0.011 

1234000 
-

250 
22000 

16 
1372 
0.21 



Table D.38: Descriptive statistics for Precambrian aquifer group. 

.... 
• Parameter No;of • No; values Distribution 

.... .. sa01ples•••· ,censored . 

Alkalinity 78 0 log-normal 
Aluminum (Al) 80 6 .. 
Antimony (Sb) 80 21 log-censored 
Arsenic (As) 80 15 I og-censored 
Barium (Ba) 80 5 .. 
Beryllium (Be) 80 38 log-censored 
Bismuth (Bi) 46 45 .. 
Boron (B) 80 8 .. 
Bromide (Br) 80 78 ins' 
Cadmium (Cd) 80 44 log-censored 
Calcium (Ca) 80 0 .. 
Cesium (Cs) 46 18 I og-censored 
Chromium (Cr) 80 21 log-censored 
Chloride (Cl) 80- 0 .. 
Cobalt (Co) 80 2 log-censored 
Copper (Cu) '80 31 log-censored 
Dissolved Oxygen 80 43 log-censored 
Eh 79 0 normal 
Fluoride (Ff 73 6 log-normal 
Iron (Fe) 80 1 log-censored 
Lead (Pb) 80 0 log-normal 
Lithium (Li) 80 28 log-censored 
Magnesium (Mg) 80 0 

,. 

Manganese (Mn) 80 3 log-censored 
Mercury (Hg) 14 12 ins 
Molybdenum (Mo) 80 42 log-censored 
Nickel (Ni) 80 51 log-censored 
Nitrate (N03) 80 71 log-censored 
Ortho-phosphate 2 0 ins 
pH 79 0 .. 
Phosphoru5i0 ta1 80 6 log-censored 
Potassium (K) 80 1 log-censored 
Redox 79 0 normal 
Rubidium (Rb) 80 73 .. 
Selenium (Se) 80 23 log-censored 
Silcate (Si) 80 0 

,. 

Silver (Ag) 80 40 log-censored 
Sodium (Na) 80 0 log-normal 
Specific Conductivity 79 0 

,. 

Strontium (Sr) 80 0 .. 
Sulfate (S04) 80 2 .. 
Sulfur (S) • 80 1 .. 
Temperature 79 0 normal 
Thallium (Tl) 80 52 log-censored 
Tin (Sn) 46 10 log-censored 
Titanium (Ti) 80 ·39 .. 
Total dissolved solids 80 0 

,. 

Total organic carbon 80 5 log-censored 
Total phosphate 78 39 log-censored 
Total suspended solids 80 0 

,. 

Vanadium (V) 80 37 log-censored 
Zinc (Zn) 80 4 log-censored 
Zirconium (Zr) 46 11 log-censored 
1 ms = msuffic1ent number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 

Mean:•• :UCLmean· 
·•. . .·· 

158489 181217 
- -

0.021 0.14 
0.88 8.7 
- -

0.0016 0.086 
- -
- -

ins ins 
0.025 0.29 

- -
0.024 0.86 
0.41 6.0 
- -

0.40 2.8 
8.0 68 
613 16013 
198 
462 545 
330 11336 
0.54 5.3 

0.0059 0.050 
- -

52 1458 
ins ins 
3.8 14 
3.8 25 
17 2211 
ins ins 

- -
33 250 

1464 6577 
-26 -1 
- -

1.6 18 
- -

0.0080 0.10 
17555 23475 

- -
- -
- -
- -

8.4 8.4 
0.0024 0.045 
0.083 0.45 

- -
- -

1882 6823 
16 220 
- -

4.5 25 
16 160 

0.082 1.6 

• ; 1\1: ediaij • ··•.9stb·•·.•···• Mini0111111 
.. per,centile 

ug/L 
159500 427350 33000 

- - -
0.021 0.14 < 0.0080 

1.0 7.5 < 0.060 
- - -

0.010 0.37 < 0.010 
- - -
- - -

<0.20 < 0.20 <0.20 
< 0.020 0.35 < 0.020 

- - -
0.020 0.83 < 0.010 
0.54 5.4 < 0.050 
2255 94577 280 
0.31 3.8 < 0.0020 
8.0 59 < 5.5 

<300 11298 <300 
215 348 -63 
410 1584 200 
228 15378 <3.2 
0.46 14 0.050 
6.0 74 <4.5 

13313 75333 201 
64 2038 <0.90 

< 0.10 ins < 0.10 
<4.2 15 <4.2 
<6.0 23 <6.0 
< 500 3805 < 500 

20 ins 20 
- - -

35 290 < 15 
1515 6489 < 119 

0 131 -279 
- - -

1.9 12 < 1.0 
8757 15018 2921 

0.0090 0.12 < 0.0090 
12775 144326 2961 
308 1000 5.0 
- - -
- - -
- - -

7.9 10.2 6.0 
< 0.0050 0.035 < 0.0050 

90 0.47 < 0.040 
- - -

231000 1205000 64000 
1750 7135 < 500 
35 270 <20 

4000 146000 1000 
5.3 25 <4.7 
13 368 <2.7 

0.075 · 3.1 < 0.030 

3 ns=not sampled 
4 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
5 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 

D-44 

Maximum 

541000 
-

0.26 
157 
-

2.5 
-
-

2510 
1.0 
-

1.6 
92 

5029000 
49 

450-
56000 

531 
4090 

123730 
26 

215 
150542 
2508 
0.17 
29 

234 
16700 

20 
-

1566 
9766 
318 
-

93 
53216 
0.66 

177736 
2550 
-
-
-

12 
0.42 
2.6 
-

2594000 
14100 
1660 

1732000 
112 

1078 
5.8 



Table D.39: Descriptive statistics for buried Quaternary aquifer group . 

. 

Parameter No~of No.>values Distribution 
. samples censored 

Alkalinity 511 0 .. 
Aluminum (Al) 510 114 log-censored 
Antimony (Sb) 510 203 .. 
Arsenic (As) 510 32 .. 
Barium (Ba) 513 3 log-censored 
Beryllium (Be) 510 369 .. 
Bismuth (Bi) 147 117 ins' 
Boron (B) 513 42 .. 
Bromide (Br) 510 499 ins 
Cadmium (Cd) 510 269 .. 
Calcium (Ca) 513 0 .. 
Cesium (Cs) 147 126 log-censored 
Chromium (Cr) 510 112 .. 
Chloride (Cl) 513 0 .. 
Cobalt (Co) 510 3 .. 
Copper (Cu) 513 281 log-censored 
Dissolved Oxygen 513 336 .. 
Eh 512 0 .. 
Fluoride (F)" 513 148 .. 
Iron (Fe) 513 6 .. 
Lead (Pb) 510 54 log-censored 
Lithium (Li) 513 129 .. 
Magnesium (Mg) 513 0 .. 
Manganese (Mn) 513 25 log-censored 
Mercury (Hg) 235 211 log-censored 
Molybdenum (Mo) 513 331 .. 
Nickel (Ni) 513 279 .. 
Nitrate (NO3) 512 438 .. 
Ortho-phosphate 32 5 log-censored 
pH 512 0 .. 
Phosphoru5uita1 513 34 .. 
Potassium (K) 513 1 .. 
Redox 512 0 .. 
Rubidium (Rb) 513 453 log-censored 
Selenium (Se) 511 94 .. 
Silcate (Si) 513 0 .. 
Silver (Ag) 510 358 .. 
Sodium(Na) 513 0 .. 
Specific Conductivity 512 0 .. 
Strontium (Sr) 513 3 .. 
Sulfate (SO4) 513 41 .. 
Sulfur (S) 513 1 .. 
Temperature 512 0 .. 
Thallium (Tl) 510 341 .. 
Tin (Sn) 147 59 log-censored 
Titanium (Ti) 513 410 log-censored 
Total dissolved solids 513 0 .. 
Total organic carbon 510 7 .. 
Total phosphate 481 32 .. 
Total suspended solids 513 0 .. 
Vanadium (V) 513 258 log-censored 
Zinc (Zn) 513 63 .. 
Zirconium (Zr) 147 77 log-censored 
' ms = msuffic1ent number of detections to calculate stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Mean UCL:mean Median 
•. 

ug/L 
- - -

0.74 23 0.86 
- - -
- - -

62 323 61 
- - -

ins ins < 0.040 

- - -
ins ins <0.20 
- - -
- - -

0.00071 0.032 < 0.010 

- - -
- - -
- - -

4.8 33 < 5.5 

- - -
- - -
- - -
- - -

0.20 2.4 0.19 
- - -
- - -

117 1075 136 
0.048 0.13 < 0.10 

- - -
- - -
- - -

50 256 50 

- - -
- - -
- - -
- - -

281 727 < 555 

- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - -

0.058 0.48 60 
0.0015 0.0088 < 0.0035 

- - -
- - -
- - -
- - -

5.9 17 <4.7 

- - -
0.024 0.51 < 0.030 

95th Minimum 
percentile .. 

- -
30 < 0.060 

- -
- -

339 <1.4 

- -
ins < 0.040 

- -
0.10 <0.20 

- -
- -

0.030 < 0.010 

- -
- -
- -

34 < 5.5 

- -
- -
- -
- -

2.2 < 0.030 

- -
- -

974 <0.90 
0.13 < 0.10 

- -
- -
- -

313 <5.0 

- -
- -
- -
- -

764 <555 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

0.51 < 0.040 
0.0090 < 0.0035 

- -
- -
- -
- -

18 <4.7 

- -
0.57 < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 

D-45 

Maximum 
.. 

-
1151 

-
-

1391 

-
0.50 
-

1.5 
-
-

0.36 
-
-
-

530 

-
-
-
-

210 

-
-

2939 
0.24 

-
-
-

410 

-
-
-
-

1581 

-
-
-
-
-
-
-
-
-
-

1.5 
0.057 

-
-
-
-

36 
-

3.6 



Table D.40: Descriptive statistics for surficial Quaternary aquifer group . 

Parameter·. 
.. 

·N<>>of No.,values :mstribrition 
. ,, ·~~mple~ c.ensored 

Alkalinity 122 0 .. 
Aluminum (Al) 122 26 log-censored 
Antimony (Sb) 122 44 .. 
Arsenic (As) 122 11 log-censored 
Barium (Ba) 123 0 " 
Beryllium (Be) 122 75 log-censored 
Bismuth (Bi) 43 43 ins' 
Boron (B) 123 20 log-censored 
Bromide (Br) 121 121 ins 
Cadmium (Cd) 122 66 " 
Calcium (Ca) 123 0 .. 
Cesium (Cs) 43 33 log-censored 
Chromium (Cr) 122 17 log-censored 
Chloride (Cl) 123 0 log-normal 
Cobalt (Co) 122 0 L, 

Copper (Cu) 123 58 log-censored 
Dissolved Oxygen 123 71 .. 
Eh 123 0 .. 
Fluoride (F)" 76 49 " 
Iron (Fe) 123 2 log-censored 
Lead (Pb) 121 10 log-censored 
Lithium (Li) 123 46 " 
Magnesium (Mg) 123 0 .. 
Manganese (Mn) 123 10 log-censored 
Mercury (Hg) 41 32 log-censored 
Molybdenum (Mo) 123 102 " 
Nickel (Ni) 123 83 .. 
Nitrate (N03) 123 88 .. 
Ortho-phosphate 6 1 log-censored 
pH 123 0 .. 
PhosphoruSiota1 123 12 log-censored 
Potassium (K) 123 2 log-censored 
Redox 123 0 .. 
Rubidium (Rb) 123 111 .. 
Selenium (Se) 122 29 log-censored 
Silcate (Si) 123 0 normal 
Silver (Ag) 122 72 log-censored 
Sodium (Na) 123 0 " 
Specific Conductivity 123 0 .. 
Strontium (Sr) 123 0 .. 
Sulfate {S04) 123 19 " 
Sulfur (S) 123 0 .. 

Temperature 123 0 normal 
Thallium (Tl) 122 72 log-censored 
Tin (Sn) 43 15 log-censored 
Titanium (Ti) 123 88 " 
Total dissolved solids 123 0 .. 
Total organic carbon 123 1 log-censored 
Total phosphate 117 25 log-censored 
Total suspended solids 123 0 L, 

Vanadium (V) 123 55 .. 

Zinc (Zn) 123 10 log-censored 
Zirconium (Zr) 43 21 log-censored 
1 ins = insufficient number of detections to calculate statistics 
2 Data did not fit a normal or log-normal distribution 

·'.Mean·· .. ,UCLrilean •Median· 
.F .. 

ug/L 

- - -
0.96 48 1.2 
- - -

1.0 9.9 1.3 

- - -
0.0062 0.037 < 0.010 

ins ins <0.040 
26 114 25 
ins ins <0.20 
- - -
- - -

0.0018 0.070 < 0.010 
0.43 3.3 0.50 
5291 6397 5900 
- - 0.48 

6.0 30 < 5.5 
- - -
- - -
- - -

462 16912 797 
0.20 2.4 0.18 
- - -
- - -

109 1418 176 
0.082 0.13 < 0.10 

- - -
- - -
- - -

40 330 10 
- - -

57 250 56 
1824 5792 1768 

- - -
- - -

2.2 14 2.1 
11021 11554 10896 
0.0063 0.11 < 0.0090 

- - -
- - -
- - -
- - -
- - -

9.0 9.2 8.8 
0.0043 0.030 < 0.0050 
0.059 0.20 60 

- - -
- - -

2473 8879 2400 
43 342 40 
- - 4000 
- - -

14 117 12 
0.054 1.0 < 0.030 

195th Minimum··• 
p~rc¢ntile 

- -
81 < 0.060 
- -

10 < 0.060 
- -

0.058 < 0.010 
< 0.040 < 0.040 

110 < 13 
<0.20 <0.20 

- -
- -

0.084 < 0.010 
2.9 < 0.050 

95328 220 
1.5 0.168 
32 < 5.5 
- -
- -
- -

9770 <3.2 
3.3 < 0.030 
- -
- -

1034 <0.90 
0.15 < 0.10 
- -
- -
- -

<5.0 
- -

309 < 14.9 
6399 < 118.5 
- -
- -

10 <1.0 
15914 5480 
0.14 < 0.0090 
- -
- -
- -
- -
- -

11.1 5.8 
0.040 < 0.0050 
0.19 < 0.040 
- -
- -

10500 < 500 
374 <20 

24800 1000 
- -

134 <2.7 
1.4 < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 

D-46 

,~aximum 
.. 

-
756 
-

22 
-

0.080 
< 0.040 

747 
2.0 
-
-

0.27 
5.7 

357830 
2.5 
140 
-
-
-

15824 
11 
-
-

2474 
0.16 
-
-
-

40 
-

488 
10582 
-
-

214 
23012 
0.65 
-
-
-
-
-

13.2 
0.076 
0.31 
-
-

17600 
1020 

42000 
-

1250 
2.1 



Table D.41: Descriptive statistics for CFIG-CFRN-CIGL aquifers . 

Parameter No.of • No.values • Distribution 
. . samples.·• censored 

Alkalinity 40 0 normal 
Aluminum (Al) 39 5 log-censored 
Antimony (Sb) 39 13 log-censored 
Arsenic (As) 39 4 log-censored 
Barium (Ba) 40 0 log-normal 
Beryllium (Be) 39 27 log-censored 
Bismuth (Bi) 17 16 ins 1 

Boron (B) 40 7 log-censored 
Bromide (Br) 40 40 ins 
Cadmium (Cd) 39 13 log-censored 
Calcium (Ca) 40 0 normal 
Cesium (Cs) 17 7 log-censored 
Chloride (Cl) 40 0 log-normal 
Chromium (Cr) 39 5 log-censored 
Cobalt (Co) 39 0 log-normal 
Copper (Cu) 40 24 log-censored 
Dissolved Oxygen 40 25 log-censored 
Eh 40 0 normal 
Fluoride (F)" 40 11 log-censored 
Iron (Fe) 40 0 log-normal 
Lead (Pb) 39 4 log-censored 
Lithium (Li) 40 14 log-censored 
Magnesium (Mg) 40 0 normal 
Manganese (Mn) 40 3 log-censored 
Mercury (Hg) 22 20 ins 
Molybdenum (Mo) 40 34 log-censored 
Nickel (Ni) 40 32 log-censored 
Nitrate (N03) 40 33 log-censored 
Ortho-phosphate . 11 10 ins 
pH 40 0 normal 
Phosphoru5to1a1 40 7 log-censored 
Potassium (K) 40 0 log-normal 
Redox 40 0 normal 
Rubidium (Rb) 40 37 log-censored 
Selenium (Se) 35 12 log-censored 
Silcate (Si) 40 0 log-normal 
Silver (Ag) 39 20 log-censored 
Sodium (Na) 40 0 log-normal 
Specific Conductivity 40 0 normal 
Strontium (Sr) 40 0 log-normal 
Sulfate (S04) 40 1 log-censored 
Sulfur (S) 40 0 log-normal 
Temperature 40 0 normal 
Thallium (Tl) 39 22 log-censored 
Tin (Sn) 17 7 log-censored 
Titanium (Ti) 40 32 log-censored 
Total dissolved solids 39 0 log-normal 
Total organic carbon 40 3 log-censored 
Total phosphate 29 11 log-censored 
Total suspended solids 39 0 

,. 

Vanadium (V) 40 21 log-censored 
Zinc (Zn) 40 0 log-normal 
Zirconium (Zr) 17 10 log-censored 

.. 1 ins = msuffic1ent number of detections to conduct stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

. • Mean UCLmean 
. : 

311079 342751 
1.2 20 

0.016 0.083 
0.68 8.6 
45 64 

0.0051 0.034 
ins ins 
40 300 
ins ins 

0.052 0.63 
80893 90148 
0.Q15 0.051 
1107 1595 
0.32 5.4 
0.63 0.77 
4.:0 34 
346 27108 
188 221 
289 320 
577 1010 
0.29 3.5 
6.1 30 

32041 35392 
41 759 
ins ins 
1.8 6.2 
3.7 10 
1.8 1686 
ins ins 

7.30 7.39 
37 219 

2038 2650 
-31 3 
254 632 
1.0 5.9 

7147 9192 
0.011 0.29 
8222 12106 
619 704 
172 236 

6674 51907 
7026 11355 
10.1 10.4 

0.0030 0.25 
0.077 0.27 

0.0024 0.0059 
379228 433810 
2154 11032 

23 355 

-
5.1 12 
67 108 

0.024 0.072 

Median•• • 95th Minimum 
. •:• percentile 

ug/L 
292500 466250 136000 

1.7 29 < 0.060 
0.Q15 0.090 < 0.008 
0.72 11 < 0.060 
46 209 2.1 

< 0.010 0.030 < 0.010 
< 0.040 ins < 0.040 

35 271 < 13 
<0.20 ins <0.20 
0.070 1.3 <0.02 
79439 130252 28627 
0.010 ins < 0.010 
1225 35471 200 
0.27 5.3 < 0.050 
0.60 1.8 0.21 
< 5.5 35 <5.5 
<300 62555 <300 

198 342 • -36 
280 585 200 
882 4413 13 
0.23 2.2 < 0.030 
6.2 41 <4.5 

31171 509111 11370 
52 709 <0.90 

< 0.10 0.10 <0.10 
<4.2 6.5 <4.2 
<6.0 12 <6.0 
< 500 6670 <500 
<5.0 ins <5.0 
7.3 7.94 6.9 
33 288 < 15 

2007 7259 153 
-15 130 -249 

< 555 637 < 555 
1.0 7.8 <1.0 

7464 14839 3601 
<0.0090 0.30 < 0.0090 

6965 50957 1627 
630 982 3 
129 861 37 

6380 53923 < 100 
6973 56778 51 
9.9 11.8 8.9 

< 0.0050 0.18 < 0.0050 
0.070 ins < 0.040 

< 0.0035 0.0060 < 0.0035 
360000 732000 150000 

2050 15440 <500 
20 635 <20 

4000 16000 1000 
<4.7 12 <4.7 

79 1112 4.9 
< 0.030 ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 

D-47 

Maximum 

538000 
105 
0.13 
16 

263 
0.080 
0.040 
299 

<0.20 
2.2 

154746 
0.040 

127350 
28 
4.9 
118 

105300 
451 
770 

4669 
28 
55 

52959 
1022 
0.10 
9.6 
14 

7850 
10 
8.0 
696 

9321 
239 
893 
8.1 

15184 
0.78 

68775 
1217 
1412 

108920 
112855 

13 
2.4 
0.25 

0.0087 
1012000 

16700 
640 

16000 
12 

1760 
0.090 



Table D.42: Descriptive statistics for OSTP-OPDC-CJDN aquifers. 

·.• Parameter NO;Of No. values Dis.tri.bu.tion , .. 

''., 
,, ... • sa111p.es censored ·.; .. . .. 

Alkalinity 90 0 normal 
Aluminum (Al) 87 17 log-censored 
Antimony (Sb) 87 29 .. 
Arsenic (As) 87 3 log-censored 
Barium (Ba) 90 0 

.. 
Beryllium (Be) 87 71 log-censored 
Bismuth (Bi) 26 25 ins 
Boron (B) 90 21 .. 
Bromide (Br) 90 90 ins 
Cadmium (Cd) 87 21 log-censored 
Calcium (Ca) 90 0 .. 
Cesium (Cs) 26 8 .. 
Chloride (Cl) 90 0 .. 
Chromium (Cr) 87 18 .. 
Cobalt (Co) 87 0 

,. 

Copper (Cu) 90 41 log-censored 
Dissolved Oxygen 90 36 log-censored 
Eh 90 0 normal 
Fluoride (F)" 69 12 

,. 

Iron (Fe) 90 4 log-censored 
Lead (Pb) 87 4 log-censored 
Lithium (Li) 90 33 log-censored 
Magnesium (Mg) 90 0 

,. 

Manganese (Mn) 90 22 log-censored 
Mercury (Hg) 60· 58 log-censored 
Molybdenum (Mo) 90 62 log-censored 
Nickel (Ni) 90 59 log-censored 
Nitrate (NO3) 90 60 log-censored 
Ortho-phosphate 45 20 log-censored 
pH 90 0 .. 
Phosphorus1ota1 90 11 .l, 

Potassium (K) 90 0 .. 
Redox 90 0 normal 
Rubidium (Rb) 90 83 log-censored 
Selenium (Se) 63 19 log-censored 
Silcate (Si) 90 0 normal 
Silver (Ag) 87 55 log-censored 
Sodium (Na) 90 0 

.. 
Specific Conductivity 90 0 .. 
Strontium (Sr) 90 0 .. 
Sulfate (SO4) 90 0 .. 
Sulfur (S) 90 0 .. 
Temperature 90 0 normal 
Thallium (Tl) 87 34 log-censored 
Tin (Sn) 26 15 log-censored 
Titanium (Ti) 90 70 log-censored 
Total dissolved solids 89 0 .. 
Total organic carbon 90 4 log-censored 
Total phosphate 45 13 log-censored 
Total suspended solids 89 0 

,. 

Vanadium (V) 90 42 log-censored 
Zinc (Zn) 90 2 log-censored 
Zirconium (Zr) 26 21 log-censored 
1 ms = msuffic1ent number of detections to conduct stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Mean UCLmean 
,, , .. , ... ··, . 

294518 316767 
0.91 11 

- -
0.55 4.4 
- -

0.0025 0.020 
ins ins 
- -

ins ins 
0.068 1.8 

- -
- -
- -
- -
- -

7.2 37 
798 17004 
227 255 
- -

195 6767 
0.37 3.5 
6.6 27 
- -

20 658 
0.097 0.15 

1.6 5.8 
5.0 12 
418 5474 
6.2 47 

- -
- -
- -

23 50 
344 621 
1.1 3.6 

7995 8793 
0.0046 0.11 

- -
- -
- -
- -
- -

9.54 9.75 
0.011 0.18 
0.043 0.18 

0.0025 0.0063 

- -
2147 12108 
32 189 

- -
5.0 12 
55 502 

0.0081 0.10 

M¢dia11 95th : .. • Minimum' 
•.·· pi!rc¢µtile ' 

ug/L 
263000 413900 111000 

0.99 8.4 < 0.060 

- - -
0.49 5.1 < 0.060 

- - -
< 0.010 0.020 < 0.010 
< 0.040 0.062 < 0.040 

- - -
<0.20 ins <0.20 
0.070 4.0 < 0.020 

- - -
- - -
- - -
- - -
- - -

7.6 48 < 5.5 
550 12748 <300 
246 436 -53 

- - -
3645 3565 <3.2 
0.36 3.8 < 0.030 
6.6 29 <4.5 
- - -

28 433 <0.90 
< 0.10 0.090 < 0.10 
<4.2 7.2 <4.2 
<6.0 11 <6.0 
< 500 7581 < 500 

5.0 47 < 5.0 
7.28 7.66 1.5 

- - -
- - -

33 223 -264 
< 555 636 < 555 

1.0 3.9 < 1.0 
8223 13277 3121 

< 0.0090 0.12 < 0.0090 

- - -
- - -
- - -
- - -
- - -

9.7 10.8 6.4 
0.011 0.24 < 0.0050 

< 0.040 0.19 < 0.040 
< 0.0035 0.0070 < 0.0035 

- - -
2150 17345 < 500 

30 204 <20 

- - -
4.7 12 <4.7 
57.4 475 <2.7 

< 0.030 0.16 < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 
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Ma~i11J11nf 

469000 
18 

-
18 

-
0.060 
0.080 

-
<0.20 

13 

-
-
-
-
-

71 
94500 

696 

-
6672 

11 
49.7 

-
1019 
0.19 
10 
31 

15700 
60 

8.69 
-
-

483 
852 
5.7 

15782 
0.48 

-
-
-
-
-

12.1 
0.46 
0.19 

0.011 

-
31300 

250 

-
16 

1858 
0.21 



Table D.43: Descriptive statistics for CMSH-CMTS-PMHN aquifers. 

Parameter •· •• ·•No.of No. values Distribution 
.. .. 

samples •• . censor.~<I ' 

Alkalinity 26 0 .. 
Aluminum (Al) 26 4 log-censored 
Antimony (Sb) 26 9 log-censored 
Arsenic (As) 26 4 log-censored 
Barium (Ba) 26 0 log-normal 
Beryllium (Be) 26 17 log-censored 
Bismuth (Bi) 17 17 ins 
Boron (B) 26 5 log-censored 
Bromide (Br) 26 25 ins 
Cadmium (Cd) 26 18 log-censored 
Calcium (Ca) 26 0 .. 
Cesium (Cs) 17 11 log-censored 
Chloride (Cl) 26 0 log-normal 
Chromium (Cr) 26 7 log-censored 
Cobalt (Co) 26 0 log-normal 
Copper (Cu) 26 16 log-censored 
Dissolved Oxygen 26 7 log-censored 
Eh 26 0 

,. 

Fluoride (F}' 22 1 
,. 

Iron (Fe) 26 1 log-censored 
Lead (Pb) 26 0 log-normal 
Lithium (Li) 26 14 log-censored 
Magnesium (Mg) 26 0 .. 
Manganese (Mn) 26 2 log-censored 
Mercury (Hg) 8 8 ins 
Molybdenum (Mo) 26 22 log-censored 
Nickel (Ni) 26 21 log-censored 
Nitrate (N03) 26 21 log-censored 
Ortho-phosphate 0 0 ns 
pH 26 0 .. 
Phosphorus10ta1 26 0 

,. 

Potassium (K) 26 0 log-normal 
Redox 26 0 

,. 

Rubidium (Rb) 26 23 log-censored 
Selenium (Se) 26 9 log-censored 
Silcate (Si) 26 0 log-normal 
Silver (Ag) 26 18 log-censored 
Sodium (Na) 26 0 

,. 

Specific Conductivity 26 0 .. 
Strontium (Sr) 26 0 log-normal 
Sulfate (S04) 26 4 log-censored 
Sulfur (S) 26 0 log-normal 
Temperature 26 0 .. 
Thallium (Tl) 26 16 log-censored 
Tin (Sn) 17 5 log-censored 
Titanium (Ti) 26 20 log-censored 
Total dissolved solids 26 0 .. 
Total organic carbon 26 1 log-censored 
Total phosphate 26 8 log-censored 
Total suspended solids 26 0 log-normal 
Vanadium (V) 26 16 log-censored 
Zinc (Zn) 26 1 log-censored 
Zirconium (Zr) 17 12 log-censored 

.. 1 ins = insufficient number of detections to conduct stat1st1cs 
2 Data did not fit a normal or log-normal distribution 

Mean UCL mean•• Median ' 
. ·. .:. , . 

ug/L 
- - -

0.98 22 1.2 
0.017 0.11 0.015 
0.75 8.1 1.1 
50 77 54 

0.0053 0.049 < 0.010 
ins ins <0,040 
29 197 26 
ins ins <0.20 

0.016 0.17 < 0.020 
- - -

0.014 0.039 <0.010 
2073 4014 1190 
0.29 5.1 0.31 
0.48 0.74 0.54 
3.9 24 < 5.5 
219 8385 290 
- - 190 
- - 230 

770 23737 1254 
0.24 0.19 
4.6 26 <4.5 

- - -
76 1306 95 
ins ins <0.10 
2.5 6.3 <4.2 
3.3 11 <6.0 
127 2010 < 500 
ns ns ns 
- - 7.30 
- - 48 

1589 2183 1543 

- - -25 
583 692 < 555 
1.7 7.2 1.6 

9358 11374 9314 
0.0023 0.17 <0.0090 

- - 5029 
- - -

123 201 120 
1744 42787 2245 
2567 5920 2437 

- - -
0.0028 0.036 < 0.0050 
0.088 0.82 0.10 
0.0030 0.0072 < 0.0035 

- - -
1824 6499 2000 
30 585 25 

5573 9249 4500 
3.7 15 <4.7 
14 183 14 

0.0052 1.1 < 0.030 

95th Minimum 
percentile . 

- -
37 < 0.060 

0.12 < 0.0080 
6.4 < 0.060 
250 7.6 

0.063 < 0.010 
ins < 0.040 
247 < 13 
0.39 <0.20 
0.21 < 0.020 

- -
ins "<0.010 

83800 310 
3.7 <0.05 
3.0 0.090 
29 < 5.5 

10385 <300 
266 -4.1 
559 200 

46104 <3.2 
3.1 0.050 
42 <4.5 

- -
1413 <0.90 
ins <0.10 
7.2 <4.2 
13 <6.0 

3125 <500 
ns ns 

8.16 5.30 
664 15 
5520 525 

54 -217 
712 < 555 
6.3 <1.0 

24313 4313 
0.38 < 0.0090 

86764 1870 

- -
698 20 

60917 < 100 
63949 176. 

- -
0.046 < 0.0050 

ins < 0.050 
0.0080 < 0.0035 

- -
14545 <500 
717 <20 

141600 2000 
18 <4.7 

257 <2.7 
ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis.for this parameter 
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Maximum 

-
44 

0.13 
7.4 
276 

0.070 
< 0.040 

300 
0.55 
0.22 

-
0.040 
98370 

4.2 
3.8 
30 

10910 
269 
580 

62577 
3.4 
48 
-

1856 
< 0.10 

7.5 
14 

4000 
ns 

8.19 
721 
5960 

59 
713 
6.5 

29313 
0.41 

97890 
-

800 
72260 
76310 

-
0.046 
0.97 

0.0082 

-
18500 
720 

206000 
20 
266 
1.8 



Table D.44: Descriptive statistics for Upper Carbonate aquifers. 

Parameter No.of ···• No .. values Distribution ·. 
··.•• 

.: . 
. . ··.samples .... censored••· .. ... 

Alkalinity 36 0 normal 
Aluminum (Al) 36 6 log-censored 
Antimony (Sb) 36 14 log-censored 
Arsenic (As) 36 1 log-censored 
Barium (Ba) 36 0 normal 
Beryllium (Be) 36 25 .. 
Bismuth (Bi) 2 1 ins 
Boron (B) 36 2 log-censored 
Bromide (Br) 34 34 ins 
Cadmium (Cd) 36 2 .. 
Calcium (Ca) 36 0 ;. 

Cesium (Cs) 2 1 ins 
Chloride (Cl) 36 0 .. 
Chromium (Cr) 35 20 log-censored 
Cobalt (Co) 36 0 .. 
Copper (Cu) 36 6 log-censored 
Dissolved Oxygen 36 20 log-censored 
Eh 36 0 ;. 

Fluoride (FY 33 0 .. 
Iron (Fe) 36 0 .. 
Lead (Pb) 36 0 log-normal 
Lithium (Li) 36 3 .. 
Magnesium (Mg) 36 0 .. 
Manganese (Mn) 36 0 .. 
Mercury (Hg) 33 27 .. 
Molybdenum (Mo) 36 28 log-censored 
Nickel (Ni) 36 19 log-censored 
Nitrate (N03) 36 32 .. 
Ortho-phosphate 30 5 log-censored 
pH 36 0 .. 
Phosphoru5i0 ta1 36 0 .. 
Potassium (K) 36 0 log-normal 
Redox 36 0 .. 
Rubidium (Rb) 36 15 .. 
Selenium (Se) 29 1 log-censored 
Silcate (Si) 36 0 .. 
Silver (Ag) 36 31 .. 
Sodium (Na) 36 0 ;. 

Specific Conductivity 36 0 .. 
Strontium (Sr) 36 0 normal 
Sulfate (S04) 35 2 log-censored 
Sulfur (S) 36 0 ;. 

Temperature 36 0 'I 

Thallium (Tl) 36 15 log-censored 
Tin (Sn) 2 1 ins 
Titanium (Ti) 36 24 log-censored 
Total dissolved solids 35 0 ;. 

Total organic carbon 36 0 'I 

Total phosphate 6 0 log-normal 
Total suspended solids 35 0 .. 
Vanadium (V) 36 16 log-censored 
Zinc (Zn) 36 1 log-censored 
Zirconium (Zr) 2 1 ins 
1 ms = msuffic1ent number of detections to conduct statistics 
2 Data did not fit a normal or log-normal distribution 

Mean•• IJCLmean•• 

324853 340585 
1.0 7.2 

0.011 0.044 
2.3 20 
146 380 
- -

ins' ins 
56 451 
ins ins 

- -
- -

ins ins 

- -
0.042 0.60 

- -
0.011 0.041 
402 6056 
- -
- -
- -

0.27 1.9 
- -
- -
- -
- -

3.8 6.4 
6.3 12 
- -

25 195 
- -
- -

2025 2452 
- -
- -

0.57 4.1 
.- -
- -
- -
- -

202 497 
4595 71222 
- -
- -

0.0071 0.050 
ins ins 

0.0031 0.0067 
- -
- -

28 183 
- -

5.6 12 
23 161 
ins ins 

: ,Median 95th ••Mini01~m: 
.. . perc~ntil(! . 

ug/L 
314000 423100 212000 

1.3 7.2 < 0.060 
0.010 0.042 < 0.0080 
2.7 15 < 0.060 
161 369 8.3 
- - -

ins ins < 0.040 
41 509 < 13 

< 0.20 ins <0.20 
- - -

79500 138299 52628 
ins ins < 0.010 
- - -

< 0.050 0.76 < 0.050 
- - -

11 • 55 < 5.5 
<300 8470 <300 

100 327 37 
- - -
- - -

0.27 2.4 0.030 
- - -
- - -
- - -
- - -

<4.2 6.7 <4.2 
<6.0 13 <6.0 

- - -
20 195 <5.0 
- - -
- - -

1828 7845 734 
-113 114 -177 
- - -

1.0 5.5 < 1.0 
- - -
- - -

7133 143645 2177 
- - -

221 524 47 
5300 87398 < 100 
5853 83292 50 
- - -

0.0070 0.061 < 0.0050 
ins ins < 0.040 

< 0.0035 0.0070 < 0.0035 
369 947600 238000 
- - -

45 95 20 
- - -

5.5 13 <4.7 
16 375 <2.7 
ins ins < 0.030 

3 Fluoride was censored at several detection limits. All non-detections were treated as missing data and removed from the data set. 
4 Significant differences in concentrations between aquifer precluded statistical analysis for this parameter 
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Ma:x;i,111i.nri 

435000 
12 

0.041 
19 

397 
-

0.070 
567 

.<0.20 
-

140000 
0.020 

-
1.22 
-

121 
17140 
426 
-
-

6.1 
-
-
-
-

7.0 
14 
-

200 
-
-

18309 
213 
-

6.9 
-
-

145608 
-

554 
142430 
148668 

-
0.062 
0.20 

0.0080 
1234000 

-
150 
-

14 
429 
0.10 



Table D.45: Standard deviations and sample size for parameters which had a normal or log
normal distribution. 

; P;lr,ametef ..... } CFIG ... ·CFRN ··•······· ........ ....... CIGL ••·•••· .. •.•.• CJDN . · .. 

Std .. Dev. n··. • S.td~ J>ev. •• Std.Dev.· Std;Dev. ··•.: . . . •.. •. ··• ...• ..: .. . . n . .. n .. .. .. .... 
Alkalinity 93350 5 97282 27 93903 8 78266 31 
Aluminum (Al) -· - - - 9.84 8 - -
Antimony (Sb) - - - - - - - -
Arsenic (As) 0.76 5 - - 0.33 8 - -
Barium (Ba) - - 0.50 27 64.0 8 0.49 31 
Beryllium (Be) - - - - - - - -
Bismuth (Bi) - - - - - - - -
Boron (B) 99 5 - - - - - -
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - - - - - - -
Calcium (Ca) 25394 5 24650 27 37186 8 25020 31 
Cesium (Cs) - - - - - - - -
Chloride (Cl) 614 5 - - 773 8 0.39 31 
Chromium (Cr) - - - - - - - -
Cobalt (Co) - - 0.23 26 0.38 8 0.24 30 
Copper (Cu) - - - - - - - -
Dissolved Oxygen - - - - - - - -
Fluoride (Ff 0.22 4 0.08 19 - - - -
Iron (Fe) 890 5 0.80 27 1547 8 - -
Lead (Pb) - - - - 0.78 8 - -
Lithium (Li) - - - - - - - -
Magnesium (Mg) 10954 5 9733 27 11171 8 0.19 31 
Manganese (Mn) 0.88 5 - - 263 8 - -
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - - - - - - -
Nickel (Ni) - - - - - - - -
Nitrate (NO3) - - - - - - - -
Ortho-phosphate - - - - - - - -
pH 0.18 5 0.27 27 0.34 8 0.13 31 
Phosphoru5to1a1 2550 5 0.35 27 1730 8 - -
Potassium (K) 39.2 5 - - 47.4 8 - -
Redox 81.7 5 112 27 105 8 142 31 
Rubidium (Rb) - - - - - - - -
Selenium (Se) - - - - - - - -
Silcate (Si) 3816 5 0.17 27 3014 8 0.11 31 
Silver (Ag) - - - - - - - -
Sodium (Na) 15899 5 - - 24700 8 0.48 31 
Specific Conductivity 0.21 5 0.25 27 0.30 8 0.58 31 
Strontium (Sr) 311 5 0.43 27 237 8 0.37 31 
Sulfate (SO4) 21475 5 - - 37642 8 0.51 31 
Sulfur (S) 22126 5 0.58 27 39268 8 0.49 31 
Temperature 1.14 5 0.71 27 1.24 8 0.64 31 
Thallium (Tl) - - - - - - - -
Tin (Sn) - - - - - - - -
Titanium (Ti) - - - - - - - -
Total dissolved solids 174903 5 142487 26 273774 8 0.17 30 
Total organic carbon - - - - 1450 8 - -
Total phosphate - - - - - - - -
Total suspended solids 3162 5 0.41 26 3882 8 0.39 30 
Vanadium (V) - - - - - - - -
Zinc (Zn) 51.1 5 0.71 27 0.59 8 - -
Zirconium (Zr) - - - - - - - -
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Table D.45 continued 

I•·:-:•: , ••• , ·••· .::, ·, ·c:Msff·· -... ,.•·••·.····cMTs· . . 'J)CVA··· >KRET ·•.· ....... 
•••• 1•· /\;:'."'.,,,, .. ::•·•···'''"'• ...... 

Std/Dev. ., • (n •. •• StcJLDev. ' ··11•,;·•···· ; ·:st~/J:>e-v/• :·· ... ····: __ ._jj' (Sid!Dty) 1; .. '';" .. ::;, ;'::';'<• • ··u 

Alkalinity 106022 10 112821 13 67949 20 77369 39 
Aluminum (Al) - - - - - - - -
Antimony (Sb) - - - - - - - -
Arsenic (As) - - - - 0.49 20 - -
Barium (Ba) 56.4 10 - - 78.3 20 0.51 39 
Beryllium (Be) - - - - - - - -
Bismuth (Bi) - - - - - - - -
Boron (B) - - - - - - - -
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - - - 0.74 20 - -
Calcium (Ca) 0.41 10 22179 13 9483 20 107532 39 
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0.60 10 - - - - 0.76 39 
Chromium (Cr) - - - - - - - -
Cobalt (Co) 0.37 10 0.36 13 - - - -
Copper (Cu) - - - - - - - -
Dissolved Oxygen - - - - - - - -
Fluoride (F) 0.15 10 63.1 9 29.2 18 - -
Iron (Fe) 0.97 10 - - 976 20 - -
Lead (Pb) 0.49 10 - ... 0.47 20 - -
Lithium (Li) - - - - - - - -
Magnesium (Mg) 0.38 10 10635 13 4393 20 33203 39 
Manganese (Mn) - - - - 46.5 20 - -
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - - - - - - -
Nickel (Ni) - - - - - - - -
Nitrate (NO3) - - - - - - - -
Ortho-phosphate - - - - - - 31.3 9 
pH 0.81 10 0.15 13 0.10 20 - -
Phosphoru5to1a1 979 10 1521 13 - - 0.23 39 
Potassium (K) 0.50 10 - - 0.52 20 0.36 39 
Redox 62.5 10 105 13 - - - -
Rubidium (Rb) - - - - - - - -
Selenium (Se) - - - - - - - -
Silicate (Si) 0.22 10 2309 13 1659 20 - -
Silver (Ag) - - - - - - - -
Sodium (Na) 0.43 10 - - - - 0.52 3\9 
Specific Conductivity 0.31 10 0.25 13 0.09 20 0.76 39 
Strontium (Sr) 0.44 10 224 13 - - 0.34 39 
Sulfate (S04) - - - - 0.61 18 - -
Sulfur (S) 0.84 10 - - 0.44 20 - -
Temperature 0.53 10 0.97 13 O.ot 20 1.01 39 
Thllium (Tl) - - - - - - - -
Tin (Sn) - - - - - - - -
Titanium (Ti) - - - - - - - -
Total dissolved solids 0.32 10 164155 13 86221 18 650420 39 
Total organic carbon - - 903 13 0.31 20 - -
Total phosphate - - - - - - - -
Ttotal suspended solids 0.62 10 4811 13 0.19 18 0.49 39 
Vanadium (V) - - - - - - - -
Zinc (Zn) - - 90.5 13 - - - -
Zirconium (Zr) - - - - - - - -
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Table D.45 continued 

' Parameter •• , •••• .. CMSH ·• CMTs•·.·· ,' DCVA·• ........ .. . ' KRET ' , .... , 

••• 

Std.J>ev~ n Std.Dev~··•· :i Std.Dev~ ·11 .. • .. • Std.•·Dev~< D .... ,' . , '' ,, ', .. .. 
Alkalinity 58987 44 85187 36 76720 23 140755 26 
Aluminum (Al) - - - - - - - -
Antimony (Sb) - - - - - - - -
Arsenic (As) - - - - - - - -
Barium (Ba) 101 44 0.34 36 43.0 23 - -
Beryllium (Be) - - - - - - - -
Bismuth (Bi) - - - - - - - -
Boron (B) - - - - - - - -
Bromide (Br) - - - - - - - -
Cadmium (Cd) 1.01 44 - - - - - -
Calcium (Ca) - - 21114 36 0.10 23 0.31 26 
Cesium (Cs) - - 0.01 9 - - - -
Chloride (Cl) 0.70 44 0.74 36 0.57 23 0.56 26 
Chromium (Cr) - - - - - - - -
Cobalt (Co) 0.17 44 0.40 34 0.32 23 0.38 26 
Copper(Cu) - - - - - - - -
Dissolved Oxygen - - - - - - - -
Fluoride (F) 85.8 42 0.14 24 134 14 0.31 23 
Iron (Fe) 917 44 0.91 36 0.84 23 0.92 26 
Lead (Pb) 1.28 44 - - 0.42 23 0.45 26 
Lithium (Li) - - - - - - - -
Magnesium (Mg) 0.13 44 0.12 36 0.12 23 0.35 26 
Manganese (Mn) - - - - - - 0.76 26 
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - - - - - - -
Nickel (Ni) - - - - - - - -
Nitrate (NO3) - - - - - - - -
Ortho-phosphate - - - - - - -
pH - - 0.24 36 - - 0.70 26 
Phosphoru5iota1 - - 0.28 36 0.20 23 0.34 26 
Potassium (K) - - 0.37 36 0.34 23 0.42 26 
Redox - - 122 36 121 23 96.4 26 
Rubidium (Rb) - - - - - - - -
Selenium (Se) 0.59 44 - - - - - -
Silicate (Si) 0.11 44 0.16 36 0.21 23 2479 26 
Silver(Ag) - - - - - - - -
Sodium(Na) 0.56 44 - - - - - -
Specific Conductivity 0.13 44 0.23 36 0.10 22 0.28 26 
Strontium (Sr) 120 44 - - 0.24 23 0.34 26 
Sulfate (SO4) - - 0.31 36 0.40 23 - -
Sulfur(S) 0.91 44 0.31 36 0.41 23 - -
Temperature - - 0.04 36 1.05 23 1.19 26 
Thllium (Tl) - - - - - - - -
Tin (Sn) - - - - - - - -
Titanium (Ti) - - - - - - - -
Total dissolved solids 0.17 44 0.13 36 - - 0.32 26 
Total organic carbon 0.41 44 - - 0.40 23 - -
Total phosphate 0.40 44 - - - - - -
Ttotal suspended solids 0.30 44 - - 0.27 23 - -
Vanadium (V) - - - - - - - -
Zinc (Zn) 111 44 - - 0.53 23 - -
Zirconium (Zr) - - - - - - - -
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Table D.45 continued 

:"'· ·:•·:-..-· ••• ·•: . •···•· PMNs .. •·· ····rMu»•·•• ·--·;: .. QBM, 
.... 

, .... QBU;\ 
";,:,:;: .. : .. ">".,.: .. ,.,. • .. ;;, S(diriev. ., ..... 

·• <${&])ev. • ·'·,::n• .. :,st&tiev. ••• ·:·'i':·U·". • Stc:I(Dev/ ::.: .. :-.,:::, ·•. : .. . / D·.'::"" ·_' o:··· 

Alkalinity 50389 16 79883 22 - - 103171 104 
Aluminum (Al) 1.04 17 - - - - - -
Antimony (Sb) - - - - - - - -
Arsenic (As) - - - - - - - -
Barium (Ba) - - - - - - - -
Beryllium (Be) - - - - - - - -
Bismuth (Bi) - - - - - - - -
Boron (B) - - - - - - - -
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - - - - - - -
Calcium (Ca) 13892 24678 23 - - - -
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0.87 17 - - - - 0.72 104 
Chromium (Cr) - - - - - - - -
Cobalt (Co) - - - - - - - -
Copper(Cu) - - - - - - - -
Dissolved Oxygen - - - - - - - -
Fluoride (F) 477 15 230 20 - - - -
Iron (Fe) 1.14 17 0.79 23 - - - -
Lead (Pb) - - 0.60 23 - - - -
Lithium (Li) - - - - - - - -
Magnesium (Mg) 17371 17 0.60 23 - - - -
Manganese (Mn) 0.72 17 - - - - - -
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - - - - - - -
Nickel (Ni) - - - - - - - -
Nitrate (NO3) - - - - - - - -
Ortho-phosphate - - - - - - - -
pH 0.72 17 0.70 22 - - - -
Phosphoru5rota1 - - 1399 23 - - - -
Potassium (K) - - 0.34 23 - - - -
Redox 84.2 17 111 22 95.1 386 81.4 104 
Rubidium (Rb) - - - - - - - -
Selenium (Se) - - - - - - - -
Silicate (Si) 011269 17 2537 23 - - - -
Silver (Ag) - - - - - - - -
Sodium (Na) 0.48 17 0.43 23 - - 0.49 104 
Specific Conductivity 0.24 17 0.19 22 - - - -
Strontium (Sr) 0.44 17 0.59 23 - - - -
Sulfate (SO4) 0.53 17 - - - - - -
Sulfur (S) 0.51 17 - - - - 0.75 104 
Temperature 1.36 17 0.81 22 - - 0.91 104 
Thllium (Tl) - - - - - - - -
Tin (Sn) - - - - - - - -
Titanium (Ti) - - - - - - - -
Total dissolved solids 0.22 17 0.20 23 - - - -
Total organic carbon 0.28 17 - - - - - -
Total phosphate - - - - - - - -
Ttotal suspended solids - - - - - - - -
Vanadium (V) - - - - - - - -
Zinc (Zn) - - - - - - - -
Zirconium (Zr) - - - - - - - -
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Table D.45 continued 

Parameter . .•. QBUU . .. ·••···· ••• QWTA .·• ..... . 

Cambrian ··•· ··• •••.· Ordovician . 
. Std.Dev • II \ •·std.Dev~ n ••·· .Std/Dev~ n. ••··. Std.Dev~· D 

• ···•·• .. 

Alkalinity 55293 22 98749 118 - - 78875 87 
Aluminum (Al) - - - - - - - -
Antimony (Sb) - - - - - - - -
Arsenic (As) - - - - - - - -
Barium (Ba) - - 0.44 119 0.47 102 - -
Beryllium (Be) - - - - - - - -
Bismuth (Bi) - - - - - - - -
Boron (B) - - - - - - - -
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - - - - - - -
Calcium (Ca) - - - - - - 0.11 87 
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0.68 22 0.71 119 - - - -
Chromium (Cr) - - - - - - - -
Cobalt (Co) 0.35 22 - - 0.29 100 - -
Copper (Cu) - - - - - - - -
Dissolved Oxygen - - - - - - - -
Fluoride (F) - - 0.17 72 - - 0.13 63 
Iron (Fe) 0.73 22 - - - - - -
Lead (Pb) - - - - - - - -
Lithium (Li) - - - - - - - -
Magnesium (Mg) - - - - - - - -
Manganese (Mn) 0.73 22 - - - - - -
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - - - - - - -
Nickel (Ni) - - - - - - - -
Nitrate (NO3) - - - - - - - -
Ortho-phosphate - - - - - - - -
pH 0.17 22 - - - - - -
Phosphoru5to1a1 2834 22 - - - - - -
Potassium (K) 0.40 22 - - - - 0.28 87 
Redox - - 87.5 119 121.7 102 - -
Rubidium (Rb) - - - - - - - -
Selenium (Se) - - - - - - - -
Silicate (Si) 0.10 22 2970 119 0.15 102 - -
Silver (Ag) - - - - - - - -
Sodium (Na) 60700 22 - - - - - -
Specific Conductivity - - - - 0.27 102 - -
Strontium (Sr) - - - - - - 0.26 87 
Sulfate (SO4) 78342 22 - - - - - -
Sulfur (S) 0.50 22 - - 0.65 102 - -
Temperature 0.76 22 - - - - - -
Thllium (Tl) - - - - - - - -
Tin (Sn) - - - - - - - -
Titanium (Ti) - - - - - - - -
Total dissolved solids 0.20 22 - - - - - -
Total organic carbon 0.26 21 - - - - - -
Total phosphate - - - - - - - -
Ttotal suspended solids 0.65 22 - - 0.43 100 - -
Vanadium (V) - - - - - - - -
Zinc (Zn) - - - - - - - -
Zirconium (Zr) - - - - - - - -
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Table D.45 continued 

'· ,Jl~ried • Qua,ternary • 
>· St,VDev~ • ri(: 

~urficiaf:Q~ater~ary : 
S.tckD.ev... •• • • ni • 

••• CFIG~CFRN.;CJGL 
sic:b:oev;. .····• D 

Alkalinity 0.26 79 94531 40 
Aluminum (Al) - -
Antimony (Sb) - -
Arsenic (As) - -
Barium (Ba) - - 0.46 40 
Beryllium (Be) - -
Bismuth (Bi) - -
Boron (B) - -
Bromide (Br) - -
Cadmium (Cd) - -
Calcium (Ca) - - 28133 40 
Cesium (Cs) - -
Chloride (Cl) - - 0.71 123 0.57 40 
Chromium (Cr) - -
Cobalt (Co) - - 0.27 39 
Copper (Cu) - -
Dissolved Oxygen - -
Fluoride (F) 0.29 67 
Iron (Fe) - - 0.73 40 
Lead (Pb) 0.63 80 
Lithium (Li) - -
Magnesium (Mg) - - 10061 40 
Manganese (Mn) - -
Mercury (Hg) - -
Molybdenum (Mo) - -
Nickel (Ni) - -
Nitrate (NO3) - -
Ortho-phosphate - -
pH - - 0.28 40 
Phosphoru5tora1 - - 0.34 40 
Potassium (K) - -
Redox 106 79 106 40 
Rubidium (Rb) - -
Selenium (Se) - -
Silicate (Si) - - 2962 123 0.17 40 
Silver (Ag) - -
Sodium (Na) 0.52 80 0.51 40 
Specific Conductivity - - 0.26 40 
Strontium (Sr) - - 0.42 40 
Sulfate (SO4) - -
Sulfur (S) - - 0.62 40 
Temperature 1.21 79 1.23 123 0.88 40 
Thllium (Tl) 
Tin (Sn) 
Titanium (Ti) 
Total dissolved solids 0.18 39 
Total organic carbon 
Total phosphate 
Ttotal suspended solids 
Vanadium (V) 
Zinc (Zn) 0.65 40 
Zirconium (Zr) 
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Table D.45 continued 

. 'Parameter .. OSTP-OPDC"'.CJDN CMSH-CMTS"PMHN- •• • Upper Carbonate 
.·, .. . 

.· Std.dev~ . · n • .... Std;dev.: n Std.dey . . ·. •·•••· •.. n. 
Alkalinity 81464 90 - - 62458 36 
Aluminum (Al) - - - - - -
Antimony (Sb) - - - - - -
Arsenic (As) - - - - - -
Barium (Ba) - - 0.39 26 91.7 36 
Beryllium (Be) - - - - - -
Bismuth (Bi) - - - - - -
Boron (B) - - - - - -
Bromide (Br) - - - - - -
Cadmium (Cd) - - - - - -
Calcium (Ca) - - - - - -
Cesium (Cs) - - - - - -
Chloride (Cl) - - 0.68 26 - -
Chromium (Cr) - - - - - -
Cobalt (Co) - - 0.37 26 - -
Copper(Cu) - - - - - -
Dissolved Oxygen - - - - - -
Fluoride (F) - - - - - -
Iron (Fe) - - - - - -
Lead (Pb) - - 0.53 26 0.53 36 
Lithium (Li) - - - - - -
Magnesium (Mg) - - - - - -
Manganese (Mn) - - - - - -
Mercury (Hg) - - - - - -
Molybdenum (Mo) - - - - - -
Nickel (Ni) - - - - - -
Nitrate (NO3) - - - - - -
Ortho-phosphate - - - - - -
pH - - - - - -
PhosphoruSiota1 - - 0.27 26 0.32 36 
Potassium (K) - - - - - -
Redox 130 90 - - - -
Rubidium (Rb) - - - - - -
Selenium (Se) - - - - - -
Silicate (Si) 2859 90 0.17 26 - -
Silver (Ag) - - - - - -
Sodium (Na) - - - - - -
Specific Conductivity - - - - - -
Strontium (Sr) - - 0.43 26 123 36 
Sulfate (SO4) - - - - - -
Sulfur (S) - - 0.74 26 - -
Temperature 0.86 90 - - - -
Thllium (Tl) - - - - - -
Tin (Sn) - - - - - -
Titanium (Ti) - - - - - -
Total dissolved solids - - - - - -
Total organic carbon - - - - - -
Total phosphate - - - - 0.29 6 
Ttotal suspended solids - - 0.46 26 - -
Vanadium (V) - - - - - -
Zinc (Zn) - - - - - -
Zirconium (Zr) - - - - - -
1 Analysis could not be performed because d1stribut1on was not normal or log-normal or sample size was msufficient. 
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Table D.46: Slopes and intercepts from Helsel's robust method. All regression coefficients are 
applied to concentrations of ug/L. 

... :: •·:• 
.. 

t C.FIG :;; •·• CFRN·•i .>:: ·<JIG1··•••·•: :;;,:: > ·•<; +9!1):N::·,.: :·· 
:•·•,:,•,•·•· 

,, :, ... :,.:-:.•,•: .: .,.,. ·:·;:,,: i:nttt<!ept : .. • $lop¢ 'Iµtercept • '.,$lope:·· Inie#ep( ,Slop{ ••• ;Jnter-¢epi?: :s1ope .. 

Alkalinity • l - - - - - -
Aluminum (Al) - - 0.071 1.42 - - 0.091 1.362 
Antimony (Sb) - - -4.243 1.195 -3.869 0.866 -4.388 0.989 
Arsenic (As) - - -0.397 1.888 - - -0.44 1.355 
Barium (Ba) - - - - - - - -
Beryllium (Be) - - -5.974 1.625 -4.476 0.813 -6.792 1.86 
Bismuth (Bi) - - - - - - - -
Boron (B) - - 3.562 1.34 3.931 0.884 2.898 1.478 
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - -3.127 1.943 -2.355 0.766 -3.028 1.897 
Calcium (Ca) - - - - - - - -
Cesium (Cs) - - -4.648 1.036 -4.671 0.769 
Chloride (Cl) - - - - - - - -
Chromium (Cr) - - -1.12 1.684 -1.258 2.18 -0.766 1.093 
Cobalt (Co) - - - - - - - -
Copper (Cu) - - 1.653 0.867 2.179 1.661 1.973 1.002 
Dissolved Oxygen - - 6.285 2.685 - - 6.977 2.209 
Fluoride (F) - - - - - - - -
Iron (Fe) - - - - - - 4.888 2.634 
Lead (Pb) - - -1.201 1.602 - - -0.767 1.438 
Lithium (Li) - - 1.707 1.213 2.159 0.498 1.478 1.154 
Magnesium (Mg) - - - - - - -
Manganese (Mn) - - 3.32 1.767 - - 3.093 1.774 
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) - - 0.853 0.7 - - 0.457 0.929 
Nickel (Ni) - - 1.368 0.656 1.142 0.856 1.67 0.3 
Nitrate (NO3) - - 4.918 2.208 - - 6.115 1.304 
Ortho-phosphate - - - - - - 1.633 1.358 
pH - - - - - - - -
Phosphoru5tota1 - - - - - - - -
Potassium (K) - - 3.372 1.356 - - 3.234 1.227 
Redox - - - - - - - -
Rubidium (Rb) - - 5.264 0.766 - - 5.471 0.553 
Selenium (Se) - - 0.129 0.892 -0.315 1.073 0.111 0.835 
Silicate (Si) - - - - - - - -
Silver (Ag) - - -4.55 2.276 -4.053 1.741 -5.303 2 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) - - - - - - -
Sulfate (SO4) - - 8.627 1.006 - - 8.627 1.006 
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thllium (Tl) - - -6.495 3.117 -3.698 1.324 -4.047 1.499 
Tin (Sn) - - -2.845 0.914 -2.404 0.989 -2.966 0.653 
Titanium (Ti) - - -6.034 0.625 - - -5.791 0.37 
Total dissolved solids - - - - - - - . -
Total organic carbon - - 7.823 1.073 - - 7.459 1.165 
Total phosphate - - 3.286 1.862 3.4 1.254 3.9 0.882 
Ttotal suspended solids - - - - - - - -
Vanadium (V) - - 1.644 0.509 2.189 0.171 1.587 0.504 
Zinc (Zn) - - - - - - 3.9 1.413 
Zirconium (Zr) - - - - - - - -
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Table D.46continued 

•• > Parameter .::: . . CMSH .- .. CMTs· . ....... 
DCVA ·:1- •.• ·.·KRET 

... _.·· Intercept Slop~ Int~i-cept Slope Intercept Slope• I11tercept .•·· Sl9pe • 
Alkalinity - - - - - - - -
Aluminum (Al) 0.396 1.09 -0.929 3.069 0.582 0.699 0.425 2.625 
Antimony (Sb) -4.379 1.386 -4.047 1.101 -4.503 0.816 -3.809 1.126 
Arsenic (As) -0.626 1.398 -0.23 1.662 - - 0.161 1.38 
Barium (Ba) - - - - - - - -
Beryllium (Be) -8.168 3.561 -4.832 1.121 -4.684 1.083 -4.823 1.288 
Bismuth (Bi) - - - - - -
Boron (B) 3.175 1.473 - - 3.892 1.439 6.085 1.181 
Bromide (Br) - - - - - - -3.312 1.856 
Cadmium (Cd) -3.778 1.651 -4.005 1.254 - - -2.902 1.641 
Calcium (Ca) - - - - - -
Cesium (Cs) -3.684 0.457 - - - -
Chloride (Cl) - - - - - -
Chromium (Cr) -1.576 2.31 -0.963 1.551 -3.88 2.714 -1.69 2.051 
Cobalt (Co) - - - - - - -0.624 0.765 
Copper (Cu) 1.802 0.704 0.731 1.717 2.303 0.542 2.557 1.171 
Dissolved Oxygen 6.487 2.013 - - 6.157 1 • 6.376 1.871 
Fluoride (F) - - - - - - - -
Iron (Fe) - - 6.582 1.837 - - - -
Lead (Pb) - - - - - - -0.922 1.745 
Lithium (Li) 1.919 0.992 1.13 1.308 2.469 1.193 3.392 1.198 
Magnesium (Mg) - - - - - - - -
Manganese (Mn) 3.834 2.784 0.637 0.844 - - 4.501 1.871 
Mercury (Hg) - - - - -2.38 0.617 - -
Molybdenum (Mo) 1.448 0.378 - - - - 1.305 1.087 
Nickel (Ni) 1.621 0.7 1.882 0.222 1.952 0.99 
Nitrate (NO3) 4.837 2.283 3.969 3.151 - - 2.788 3.746 
Ortho-phosphate - - - - 2.782 1.564 - -
pH - - - - - - - -
Phosphoru5iota1 - - - - - - - -
Potassium (K) 3.75 1.39 - - - - 3.234 1.227 
Redox - - - - - - - -
Rubidium (Rb) 6.341 0.145 - - - - 5.82 1.018 
Selenium (Se) 0.491 0.926 - - - - 0.525 1.079 
Silicate (Si) - - - - - - - -
Silver (Ag) -4.785 1.11 -6.363 3.563 -4.831 0.408 -5.008 1.982 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - -
Strontium (Sr) - - - - - - - -
Sulfate (SO4) 7.145 2.219 7.864 1.985 - - 11.32 1.379 
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thllium (Tl) - - -5.225 1.351 -5.152 1.541 -6.006 2.966 
Tin (Sn) -2.191 0.904 -1.946 1.571 - - - -
Titanium (Ti) - - - - -5.356 0.037 -6.267 1.408 
Total dissolved solids - - - - - - - -
Total organic carbon 7.485 1.126 - - - - - -
Total phosphate 2.703 2.249 3.887 1.774 - - 3.711 1.253 
Ttotal suspended solids - - - - - - - -
Vanadium (V) 1.683 0.903 1.066 0.622 1.621 0.36 2.074 0.988 
Zinc (Zn) 2.449 1.292 - - 2.517 1.054 3.366 1.576 
Zirconium (Zr) -8.809 6.558 -3".492 1.294 - - - -

D-59 



Table D.46 continued 

• ·• 'Parameter · ·· ....... ,···•,.:oQ~JJ. OPDC 
. 

'J ,, •••.. :': .. OSTR, .... PCCR .: 

' :, : Intercept ; ; • ;iSl9pe< · Int~rcepf Sl9pf':. l11t~rcept . .. "S.,ope:: Intercept··· ~lop~ : 
Alkalinity - - - - - - - -
Aluminum (Al) -0.244 1.436 -0.265 1.787 -0.004 1.493 2.1 2.475 
Antimony (Sb) -4.562 0.857 -3.718 1.261 -4.604 1.223 -4.096 1.044 
Arsenic (As) 0.702 1.491 - - -0.663 1.244 -0.472 1.657 
Barium (Ba) - - - - - - - -
Beryllium (Be) -5.067 0.692 -5.997 1.357 -5.717 1.135 -4.132 1.34 
Bismuth (Bi) - - - - - - - -
Boron (B) - - 3.598 1.35 3.809 1.068 4.261 1.505 
Bromide (Br) - - - - - - - -
Cadmium (Cd) - - -2.598 1.851 - - -3.447 1.42 
Calcium (Ca) - - - - - - - -
Cesium (Cs) - - - - - - -4.224 2.357 
Chloride (Cl) - - - - - - 3.5058 3.7317 
Chromium (Cr) -2.896 1.398 -1.367 1.309 -1.871 1.289 -0.487 1.239 
Cobalt (Co) - - - - - - -
Copper (Cu) 2.384 0.708 1.778 1.039 2.334 0.974 2.001 1.021 
Dissolved Oxygen 6.13 1.755 6.839 1.545 6.278 1.842 6.634 2.282 
Fluoride (F) - - - - - - - -
Iron (Fe) - - - - - - - -
Lead (Pb) - - -0.829 1.497 - - - -
Lithium (Li) 2.699 0.824 2.027 0.855 2.064 0.689 1.726 1.183 
Magnesium (Mg) - - - - - - - -
Manganese (Mn) - - 2.737 2.359 3.632 2.171 1.936 2.171 
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) 1.361 0.328 0.494 0.658 0.375 0.985 3.632 1.279 
Nickel (Ni) 1.843 0.376 1.279 0.851 2.103 0.262 1.512 0.735 
Nitrate (NO3) 3.428 3.638 6.476 1.646 4.987 2.052 1.211 3.993 
Ortho-phosphate 3.122 1.555 2.217 1.211 1.31 1.263 - -
pH - - - - - - - -
Phosphoru5iota1 - - - - - - - -
Potassium (K) - - 3.634 0.996 3.634 0.996 3.452 1.265 
Redox - - - - - - - -
Rubidium (Rb) - - 5.853 0.423 6.338 0.054 - -
Selenium (Se) - - 0.13 0.608 -0.134 1.012 0.545 1.673 
Silicate (Si) - - - - - - - -
Silver(Ag) - - -5.75 2.439 -5.032 1.424 -4.879 1.774 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) - - - - - - - -
Sulfate (SO4) 8.747 1.937 - - - - - -
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thllium (Tl) -5.085 1.108 -4.588 2.153 -4.724 1.213 -5.19 0.594 
Tin (Sn) - - -2.902 0.98 - - -2~595 1.198 
Titanium (Ti) -5.861 0.553 -6.55 0.991 -5.558 0.273 -6.275 1.466 
Total dissolved solids - - - - - - - -
Total organic carbon - - 7.906 1.088 7.906 1.088 7.787 0.897 
Total phosphate - - 3.275 1.192 3.867 0.789 2.821 1.602 
Ttotal suspended solids - - - - - - - -
Vanadium (V) 1.727 0.463 1.635 0.487 1.685 0.645 1.529 0.872 
Zinc (Zn) - - 4.241 1.421 - - 2.912 1.65 
Zirconium (Zr) - - - - - - -1.54 1.667 
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Table D.46 continued 

··::: Parameter PMNS :. PMUD ., 
QBAA . '., ., '· QBUA ,. ,, , Intercept .. Sl.:)p~ Jntercept Slope lllltre!ept • • SJope Interc~pt Slope 

Alkalinity - - - - - - - -
Aluminum (Al) - - 1.651 1.821 - - -0.329 1.739 
Antimony (Sb) -3.482 1.159 -4.165 1.143 - - -4.175 1.168 
Arsenic (As) -0.141 1.381 -0.048 1.376 - - 0.52 1.419 
Barium (Ba) 2.118 1.575 - - 4.073 1.106 - -
Beryllium (Be) -4.084 2.501 -5.401 1.814 - - -6.89 2.152 
Bismuth (Bi) - - - - - - - -
Boron (B) 5.318 1.712 3.667 1.381 4.502 1.517 3.243 1.213 
Bromide (Br) -2.604 1.675 - - -6.014 2.31 - -
Cadmium (Cd) -3.318 1.577 -3.913 1.405 - -4.046 1.33 
Calcium (Ca) - - - - 4.8799 4.9197 - -
Cesium (Cs) -3.429 2.375 -2.527 1.558 - - -6.187 1.085 
Chloride (Cl) - - - - 7.933 1.486 - -
Chromium (Cr) -0.509 2.175 -1.332 1.475 - - -0.756 1.319 
Cobalt (Co) -0.981 1.639 -1.141 1.234 - - -0.842 0.6933 
Copper (Cu) 2.345 1.724 2.103 1.003 - - 1.737 1.09 
Dissolved Oxygen 7.044 1.604 4.593 2.755 5.286 1.941 6.586 1.77 
Fluoride (F) - - - - - - - -
Iron (Fe) - - - - - - 5.522 2.289 
Lead (Pb) - - - - - - -1.512 1.413 
Lithium (Li) 2.078 1.059 1.559 1.228 - - 1.892 1.332 
Magnesium (Mg) - - - - - - - -
Manganese (Mn) - - 3.652 2.226 - - 4.464 1.702 
Mercury (Hg) - - - - - - -3.374 0.768 
Molybdenum (Mo) 1.785 0.563 1.383 0.5 - - 0.526 1.062 
Nickel (Ni) 1.369 1.829 1.512 0.735 - - 1.359 0.78 
Nitrate (N03) 0.598 4.27 3.389 2.886 - - 4.325 3.11 
Ortho-phosphate - - - - 3.864 1.177 - -
pH - - - - - - - -
PhosphoruSu,ta1 6.811 0.96 - - - - - -
Potassium (K) 3.195 1.962 3.559 0.894 - - 3.991 0.95 
Redox - - - - - - - -
Rubidium (Rb) 6.276 0.057 - - - - 5.719 0.522 
Selenium (Se) 0.32 1.2 0.768 1.334 - - 1.164 1.13 
Silicate (Si) - - - - - - - -
Silver (Ag) -4.277 1.41 -4.768 1.424 - - -5.295 2.094 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) - - - - - - - -
Sulfate (S04) - - 7.483 1.31 - - - -
Sulfur (S) - - 7.644 1.413 - - - -
Temperature - - - - - - - -
Thllium (Tl) -6.808 2.871 -5.323 1.156 - - -5.861 1.408 
Tin (Sn) -2.438 0.722 -2.354 0.55 - - -2.813 1.492 
Titanium (Ti) -5.22 1.595 -7.485 2.109 - - -6.02 0.659 
Total dissolved solids - - - - - - - -
Total organic carbon - - 7.515 0.693 - - 7.603 0.744 
Total phosphate 2.098 2.86 2.948 1.297 - - 3.675 1.139 
Ttotal suspended solids - - - - - - - -
Vanadium (V) 1.907 1.158 1.22 0.909 - - 1.566 0.707 
Zinc (Zn) 2.635 2.051 2.512 1.32 - - 2.554 1.265 
Zirconium (Zr) -1.989 1.899 -3.012 0.851 -3.539 1.86 -4.499 2.046 
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Table D.46 continued 

... _ ·: < /• .. :··,_.·· • ··QBUU ·.• .• , :::: 1-:··· ·' QWTA '::• ·Cambrian>:: :: <. : Ordovician • ,,·.·. 
: .;iJ,,,:,_., ,/<,:. :: ]nterc~pt :SJ<>pe :•'· . • I~terc¢pt • • • •••• $1<>P~ Jnt¢r~epr:, • ,<Slope>· ' ]nt~rcept '. )$l9pe·:•:' 

Alkalinity - - - - - - - -
Aluminum (Al) -0.697 2.537 -0.01 2.397 0.067 1.695 -0.209 1.617 
Antimony (Sb) -2.965 0.616 -4.241 1.273 -4.205 1.066 -4.258 1.264 
Arsenic (As) 1.271 1.837 0.019 1.437 -0.337 1.582 -0.233 1.52 
Barium (Ba) 3.932 0.852 - - -3.101 0.924 -2.535 0.734 
Beryllium (Be) -4.997 1.62 -5.173 1.335 -4.932 0.826 -5.906 1.886 
Bismuth (Bi) - - - - - - - -
Boron (B) - - - - -3.473 1.329 -3.141 1.276 
Bromide (Br) - - - - - - - -
Cadmium (Cd) -2.092 1.165 -3.529 1.019 -3.232 1.65 -2.062 2.056 
Calcium (Ca) - - - - - - - -
Cesium (Cs) -6.187 1.085 -6.296 2.275 - - - -
Chloride (Cl) - - - - - - - -
Chromium (Cr) -2.713 2.161 -0.816 1.279 -1.154 1.622 -1.979 1.419 
Cobalt (Co) - - - - - - - -
Copper (Cu) 1.484 1.518 1.767 0.971 -5.217 1.209 -4.807 1.018 
Dissolved Oxygen 4.364 2.818 6.208 1.866 -0.789 2.38 -0.393 1.615 
Fluoride (F) - - - - - - - -
Iron (Fe) 5.522 2.289 6.199 2.21 -0.822 2.097 ·-1.029 1.846 
Lead (Pb) -1.218 1.588 -1.638 1.583 -1.069 1.555 -1.178 1.35 
Lithium (Li) 3.493 0.973 1.731 1.038 -5.161 1.002 -4.714 0.834 
Magnesium (Mg) - - - - - - - -
Manganese (Mn) - - 4.687 1.606 -3.351 2.02 -3.428 1.836 
Mercury (Hg) - - -2.505 0.315 -3.916 0.923 - -
Molybdenum (Mo) 1.524 0.62 0.715 0.73 -6.055 0.649 -5.863 0.496 
Nickel (Ni) - - 1.583 0.621 -5.486 0.531 -5.146 0.505 
Nitrate (NO3) -1.736 5.775 5.737 2.058 -1.587 1.63 -1.232 1.96 
Ortho-phosphate - - - - - - - -
pH - - - - - - -
Phosphoru5tora1 - - - - - - - -
Potassium (K) 4.3 0.918 4.038 0.935 -3.1 0.946 -2.883 0.996 
Redox - - - - - - - -
Rubidium (Rb) 6.142 0.199 5.837 0.394 - - - -
Selenium (Se) 0.436 0.899 0.773 1.194 0.162 1.009 -0.142 0.922 
Silicate (Si) - - - - - - - -
Silver (Ag) -4.213 1.069 -5.008 1.781 -5.095 2.131 -5.915 2.162 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) 6.229 0.67 - - -2.001 0.952 -1.79 0.604 
Sulfate (SO4) - - - - 1.594 1.462 2.044 1.093 
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thllium (Tl) -4.425 1.253 -5.464 1.23 -5.085 1.994 -4.876 1.773 
Tin (Sn) - - -2.838 0.76 - - - -
Titanium (Ti) - - -6.497 1.18 -5.886 0.479 -5.873 0.549 
Total dissolved solids - - - - - - - -
Total organic carbon - - 7.802 0.807 - - - -
Total phosphate 3.719 1.099 3.778 1.288 -3.601 1.675 -3.735 1.11 
Ttotal suspended solids - - - - - - - -
Vanadium (V) 1.708 0.667 1.762 0.541 -5.193 0.465 -5.163 0.48 
Zinc (Zn) 3.583 1.419 2.589 1.306 -3.106 1.54 -3.049 1.329 
Zirconium (Zr) - - -2.926 1.826 - - - -
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Table D.46 continued 

Parameter Precambrian Buried Quaternary Surficial Quaternary CFIG-CFRN-CIGL 
Intercept Slope Intercept Slope Intercept Slope Intercept Slope 

Alkalinity - - - - - - - -
Aluminum (Al) 1.975 2.714 -0.306 2.152 -0.038 2.438 0.193 1.748 
Antimony (Sb) -3.876 1.176 -4.284 1.189 -4.183 1.267 -4.113 1.013 
Arsenic (As) -0.127 1.432 0.842 1.69 0.022 1.417 -0.38 1.579 
Barium (Ba) -3.521 0.195 -2.788 1.037 -2.601 0.973 - -
Beryllium (Be) -6.429 2.484 -5.743 1.622 -5.083 1.111 -5.283 1.189 
Bismuth (Bi) - - - - - - - -
Boron (B) -2.66 1.737 -2.631 1.553 -3.644 0.922 3.686 1.261 
Bromide (Br) - - - - - - - -
Cadmium (Cd) -3.688 1.534 -3.833 1.731 -3.503 1.008 -2.965 1.568 
Calcium (Ca) - - - - - - - -
Cesium (Cs) - - - - - - -4.225 0.780 
Chloride (Cl) - - - - - - - -
Chromium (Cr) -0.903 1.683 -0.933 1.319 -0.852 1.288 -1.165 1.780 
Cobalt (Co) - - - - - - - -
Copper (Cu) -4.831 1.336 -5.333 1.203 -5.116 1.01 1.395 1.332 
Dissolved Oxygen -0.489 2.039 -1.255 1.894 -0.357 1.711 5.846 2.726 
Fluoride (F) - - - - - - - -
Iron (Fe) -1.108 2.21 -0.468 1.854 -0.772 2.25 - -
Lead (Pb) -0.617 1.432 -1.631 1.485 -1.617 1.558 -1.247 1.568 
Lithium (Li) -5.133 1.331 -4.389 1.371 -5.165 1.194 1.814 1.002 
Magnesium (Mg) - - - - - - - -
Manganese (Mn) -2.956 2.083 -2.144 1.385 -2.217 1.604 3.725 1.817 
Mercury (Hg) - - -3.045 0.615 -2.499 0.302 - -
Molybdenum (Mo) -5.586 0.824 -5.589 0.716 -6.145 0.775 0.602 0.766 
Nickel (Ni) -5.576 1.181 -5.538 0.834 -5.367 0.728 1.305 0.652 
Nitrate (NO3) -4.093 3.054 -4.242 3.257 -1.06 2.032 0.598 4.270 
Ortho-phosphate - - - - - - - -
pH - - - - - - - -
Phosphoru5tota1 - - - - - - - -
Potassium (K) -3.42 1.273 -2.459 0.925 -2.873 0.933 3.6 1.118 
Redox - - - - - - - -
Rubidium (Rb) - - - - - - 5.536 0.571 
Selenium (Se) 0.479 1.492 0.886 1.061 0.778 1.176 0.037 1.082 
Silicate (Si) - - - - - - - -
Silver(Ag) -4.824 1.594 -5.575 2.091 -5.07 1.801 -4.531 2.052 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) -1.843 1.099 -1.395 1.032 -2.075 0.765 - -
Sulfate (SO4) 1.27 1.642 2.073 2.209 1.362 1.78 8.806 1.282 
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thllium (Tl) -6.043 1.845 -5.785 1.544 -5.443 1.219 -5.813 2.757 
Tin (Sn) - - - - - - -2.562 0.790 
Titanium (Ti) -6.174 1.684 -6.492 1.097 -6.382 1.171 -6.045 0.572 
Total dissolved solids - - - - - - - -
Total organic carbon - - - - - - 7.675 1.021 
Total phosphate -4.152 1.645 -2.861 1.143 -3.217 1.321 3.129 1.714 
Ttotal suspended solids - - - - - - - -
Vanadium (V) -5.411 1.065 -5.239 0.727 -5.126 0.61 1.636 0.519 
Zinc (Zn) -4.105 1.428 -4.29 1.386 -4.287 1.34 - -
Zirconium (Zr) - - - - - - -3.75 0.698 

D-63 



Table D.46 continued 

.:•,:: •::: ·- ... ... :- OSTP;:OPDCiCJDN CMSH--CMTS,;.PMHN -Upp_er Carbonat~ •• ·•: .:c-· 
•··•· :• .... '··· .. •.: .. -.. ·· .. :.' ·. >:. :Jnterc~pf '~)9pi Inte.rc¢pt •• SJ9pe : •J11ter-=~Pt ·sfope':-:·· 
Alkalinity - - - - -4.508 0.866 
Aluminum (Al) -0.095 1.569 -0.021 1.947 0.04 1.207 
Antimony (Sb) - - -4.104 1.208 - -
Arsenic (As) -0.6 1.305 -0.29 1.488 0.825 1.343 
Barium (Ba) - - - - -5.462 1.272 
Beryllium (Be) -5.983 1.296 -5.239 1.385 - -
Bismuth (Bi) - - - . - -2.888 1.307 
Boron (B) - - 3.369 1.195 -1.926 0.598 
Bromide (Br) - - - - - -
Cadmium (Cd) -2.682 2.029 -4.118 1.482 - -
Calcium (Ca) - - - - -0.785 1.853 
Cesium (Cs) - - -4.252 0.637 - -
Chloride (Cl) - - - - - -
Chromium (Cr) - - -1.224 1.788 -3.168 1.66 
Cobalt (Co) - - - - - -
Copper (Cu) 1.97 1.022 1.364 1.121 -4.502 0.816 
Dissolved Oxygen 6.682 1.912 5.391 2.277 -0.911 1.6095 
Fluoride (F) - - - - - -
Iron (Fe) 5.271 2.218 6.646 2.143 -0.074 1.269 
Lead (Pb) -0.992 1.41 - - -2.129 0.994 
Lithium (Li) 1.891 0.877 1.53 1.082 - -
Magnesium (Mg) - - - - -3.071 1.148 
Manganese (Mn) 3.014 2.172 4.335 1.775 -2.486 0.475 
Mercury (Hg) -2.328 0.289 - - -1.326 1.237 
Molybdenum (Mo) 0.475 0.806 0.897 0.585 -5.587 0.336 
Nickel (Ni) 1.611 0.557 1.2 .0.763 -4.002 3.484 
Nitrate (NO3) 6.035 1.608 4.841 1.728 - -
Ortho-phosphate 1.818 1.262 - - - -
pH - - - - - -
Phosphoru5to1a1 - - - - -4.362 0.914 
Potassium (K) - - - - - -
Redox - - - - - -
Rubidium (Rb) 5.841 0.369 6.369 0.107 -0.556 1.231 
Selenium (Se) 0.068 0.758 0.553 0.888 -1.601 0.564 
Silicate (Si) - - - - 1.525 1.713 
Silver (Ag) -5.391 1.973 -6.067 2.677 - -
Sodium (Na) - - - - -5.068 0.377 
Specific Conductivity - - - - - -
Strontium (Sr) - - - - - -
Sulfate (SO4) - - 7.464 2 -4.953 1.218 
Sulfur (S) - - - - -7.856 2.787 
Temperature - - - - - -
Thllium (Tl) -4.482 1.743 -5.863 1.593 - -
Tin (Sn) -3.153 0.896 -2.436 1.395 - -
Titanium (Ti) -5.998 0.577 -5.808 0.547 - -
Total dissolved solids - - - - -5.767 0.474 
Total organic carbon 7.672 1.081 7.509 0.794 -3.573 1.171 
Total phosphate 3.48 1.101 3.388 1.865 - -
Ttotal suspended solids - - - - - -
Vanadium (V) 1.613 0.543 1.301 0.883 -5.184 0.462 
Zinc (Zn) 4.016 1.377 2.673 1.585 -3.77 1.215 
Zirconium (Zr) -4.812 1.575 -5.251 3.323 - -
• Analysis could not be performed because d1str1but1on was not log-censored or sample size was insufficient. 
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Table D.47: Mean ranks using Kruskal-Wallis test, by chemical and aquifer subgroup. The null 
hypothesis was concentrations of individual chemicals did not differ by aquifer group. The null 
hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter p--value ····LSD'··· CFIG" CFRN CIGL CJDN CMSH•• CMTS··· •. CSLF CSTL 
Alkalinity < 0.0001 166 593 503 598 384 183 479 452 749 
Aluminum (Al) < 0.0001 281 516 510 590 477 519 423 448 625 
Antimony (Sb) < 0.0001 307 514 489 556 432 481 526 381 676 
Arsenic (As) < 0.0001 205 316 378 328 329 299 395 657 504 
Barium (Ba) < 0.0001 190 319 453 419 315 443 482 587 399 
Beryllium (Be) < 0.0001 289 439 451 641 416 441 566 340 587 
Bismuth (Bi) 0.0039 82 149 149 178 168 149 149 149 149 
Boron (B) < 0.0001 170 508 403 437 294 341 418 337 581 
Bromide (Br) < 0.0001 335 481 481 481 481 481 518 481 481 
Cadmium (Cd) < 0.0001 169 456 535 672 566 421 354 523 688 
Calcium (Ca) < 0.0001 191 663 461 557 392 219 470 540 619 
Cesium (Cs) < 0.0001 105 214 179 190 181 120 206 148 186 
Chloride (Cl) < 0.0001 248 318 322 359 309 447 385 564 277 
Chromium (Cr) < 0.0001 221 543 515 449 537 459 536 461 351 
Cobalt (Co) < 0.0001 313 652 579 723 451 408 577 590 733 
Copper (Cu) < 0.0001 315 237 424 585 522 450 380 696 681 
Dissolved Oxygen 0.0001 341 617 542 410 563 599 485 335 394 
Fluoride (F) < 0.0001 193 377 257 169 299 170 240 442 297 
Iron (Fe) < 0.0001 269 514 485 526 349 496 531 688 611 
Lead (Pb) < 0.0001 328 367 526 602 608 428 506 527 906 
Lithium (Li) < 0.0001 202 353 385 441 331 410 272 453 580 
Magnesium (Mg) < 0.0001 195 664 558 571 440 208 460 496 644 
Manganese (Mn) < 0.0001 242 420 329 576 277 456 484 707 365 
Mercury (Hg) < 0.0001 150 217 243 217 229 217 217 217 217 
Molybdenum (Mo) < 0.0001 258 355 452 355 427 495 355 355 592 
Nickel (Ni) 0.001 341 347 451 458 476 537 347 347 534 
Nitrate (NO3) < 0.0001 275 405 531 405 576 546 476 405 524 
Ortho-phosphate < 0.0001 48 _., 28 24 53 - - - -
pH < 0.0001 275 354 546 545 563 528 593 694 428 
Phosphoru5tota1 < 0.0001 160 319 292 436 263 353 506 598 480 
Potassium (K) < 0.0001 162 599 416 481 252 300 427 408 536 
Redox/Eh < 0.0001 272 386 537 557 553 521 330 227 606 
Rubidium (Rb) 0.0007 339 442 479 501 473 539 442 442 442 
Selenium (Se) < 0.0001 222 466 335 243 327 414 432 371 216 
Silicate (Si) < 0.0001 188 273 345 261 277 450 313 600 536 
Silver (Ag) < 0.0001 306 517 573 648 507 468 488 517 668 
Sodium (Na) < 0.0001 160 457 335 467 228 274 480 405 553 
Specific Conductivity < 0.0001 183 598 464 552 387 242 490 526 625 
Strontium (Sr) < 0.0001 154 592 384 498 253 295 458 408 586 
Sulfate (SO4) < 0.0001 222 571 466 535 436 267 371 592 569 
Sulfur (S) < 0.0001 218 568 470 528 448 261 373 592 575 
Temperature < 0.0001 195 744 737 789 722 394 659 845 685 
Thallium (Tl) < 0.0001 280 429 503 678 691 336 559 747 680 
Tin (Sn) 0.569 213 176 128 180 119 193 168 163 178 
Titanium (Ti) < 0.0001 331 469 478 425 450 572 414 483 374 
Total dissolved solids < 0.0001 164 552 437 490 325 187 434 477 588 
Total organic carbon < 0.0001 199 258 496 377 391 372 321 383 452 
Total phosphate < 0.0001 209 240 342 316 325 290 417 451 372 
Total suspended 0.0001 298 575 426 515 362 574 507 563 496 
solids 
Vanadium (V) 0.049 399 407 448 526 431 516 323 458 584 
Zinc (Zn) < 0.0001 251 695 711 785 690 402 512 499 923 
Zirconium (Zr) 0.0005 117 153 108 127 112 118 129 79 135 
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Table D.47 continued 

··•Pafa111eter .. • p-value ...•• LSD 'DCVA CRET•••. O.GAI)•· ···OMAQ OPl,)c· OP,VL •OSJ>c.··· OSTP . 
Alkalinity < 0.0001 166 552 705 614 232 493 585 405 420 
Aluminum (Al) < 0.0001 281 565 541 445 374 463 540 - 501 
Antimony (Sb) < 0.0001 307 425 572 399 182 606 592 - 427 
Arsenic (As) < 0.0001 205 574 444 550 354 298 758 - 298 
Barium (Ba) < 0.0001 190 815 268 719 637 516 835 559 491 
Beryllium (Be) < 0.0001 289 624 460 461 340 433 340 - 437 
Bismuth (Bi) 0.0039 82 - - - - 149 224 - 149 
Boron (B) < 0.0001 170 470 827 529 55 413 466 254 453 
Bromide (Br) < 0.0001 335 481 556 481 481 481 481 481 481 
Cadmium (Cd) <0.0001 169 904 555 857 225 619 422 657 461 
Calcium (Ca) < 0.0001 191 488 693 558 281 543 488 458 477 
Cesium (Cs) < 0.0001 105 - - - - 247 170 - 167 
Chloride (Cl) < 0.0001 248 248 660 398 566 514 756 629 421 
Chromium (Cr) < 0.0001 221 254 434 241 287 452 175 - 360 
Cobalt (Co) < 0.0001 313 411 571 374 173 490 604 - 528 
Copper (Cu) < 0.0001 315 632 666 641 892 484 678 384 565 
Dissolved Oxygen 0.0001 341 507 487 482 906 610 270 549 524 
Fluoride (F) • < 0.0001 193 180 497 304 -. 277 132 221 304 
Iron (Fe) < 0.0001 269 605 587 586 159 369 439 351 370 
Lead (Pb) < 0.0001 328 530 575 486 584 599 550 - 494 
Lithium (Li) < 0.0001 202 543 686 602 497 431 396 366 423 
Magnesium (Mg) < 0.0001 195 371 698 474 447 514 723 455 465 
Manganese (Mn) < 0.0001 242 405 516 323 160 310 550 829 399 
Mercury (Hg) < 0.0001 150 338 224 217 462 227 217 - 217 
Molybdenum (Mo) < 0.0001 258 395 529 457 355 389 631 355 416 
Nickel (Ni) 0.001 341 518 572 568 910 477 511 347 587 
Nitrate (NO3) < 0.0001 275 405 495 478 901 615 405 405 492 
Ortho-phosphate < 0.0001 48 84 122 98 73 66 - - 47 
pH < 0.0001 275 367 353 389 626 463 598 653 485 
Phosphoru5rota1 < 0.0001 160 706 666 649 209 331 413 389 391 
Potassium (K) < 0.0001 162 348 809 445 71 410 501 465 474 
Redox/Eh < 0.0001 272 371 433 380 812 695 331 447 598 
Rubidium (Rb) 0.0007 339 442 577 486 919 483 442 442 482 
Selenium (Se) < 0.0001 222 317 417 320 487 317 393 - 289 
Silicate (Si) < 0.0001 188 519 463 412 189 306 838 370 307 
Silver (Ag) < 0.0001 306 403 493 344 327 499 717 - 505 
Sodium (Na) < 0.0001 160 470 815 574 33 381 389 243 289 
Specific Conductivity < 0.0001 183 479 805 606 340 540 582 418 434 
Strontium (Sr) < 0.0001 154 481 846 526 52 411 604 356 410 
Sulfate (SO4) < 0.0001 222 337 810 508 447 560 419 503 522 
Sulfur (S) < 0.0001 218 323 813 494 432 568 424 490 527 
Temperature < 0.0001 195 517 723 512 556 614 882 872 666 
Thallium (Tl) < 0.0001 280 545 520 562 886 632 677 - 570 
Tin (Sn) 0.569 213 - - - - 136 159 - 88 
Titanium (Ti) < 0.0001 331 465 526 539 904 466 532 374 553 
Total dissolved solids < 0.0001 164 403 831 537 282 492 472 462 395 
Total organic carbon < 0.0001 199 729 567 795 142 508 383 297 393 
Total phosphate < 0.0001 209 386 423 314 384 442 408 263 
Total suspended 0.0001 298 579 596 478 73 356 328 317 333 
solids 
Vanadium (V) 0.049 399 433 625 501 797 482 461 240 521 
Zinc (Zn) < 0.0001 251 419 577 601 373 743 647 604 686 
Zirconium (Zr) 0.0005 117 - - - - 89 156 109 

D-66 



Table D.47 continued 

Para.meter p-value '·- .. LSD PCCR PCUU ·. PEBI PMDC PMFL :PMHN PMNS •·PMSX 
Alkalinity < 0.0001 166 347 479 23 160 178 56 97 420 
Aluminum (Al) < 0.0001 281 725 281 434 972 902 655 863 ·309 
Antimony (Sb) < 0.0001 307 520 284 959 945 685 610 663 820 
Arsenic (As) < 0.0001 205 322 403 740 429 289 566 387 608 
Barium (Ba) < 0.0001 190 377 196 281 16 468 413 153 416 
Beryllium (Be) < 0.0001 289 660 547 734 977 587 527 703 495 
Bismuth (Bi) 0.0039 82 149 149 149 298 149 149 149 -
Boron (B) < 0.0001 170 530 598 497 943 258 209 702 637 
Bromide (Br) < 0.0001 335 481 481 481 481 481 481 539 481 
Cadmium (Cd) < 0.0001 169 357 225 225 558 225 487 544 394 
Calcium (Ca) < 0.0001 191 251 570 95 15 215 78 89 678 
Cesium (Cs) < 0.0001 105 204 104 288 285 104 148 229 -
Chloride (Cl) < 0.0001 248 527 434 349 675 273 352 486 640 
Chromium (Cr) < 0.0001 221 567 559 119 897 822 458 586 289 
Cobalt (Co) < 0.0001 313 440 497 74 792 497 745 338 571 
Copper (Cu) < 0.0001 315 526 642 237 975 597 402 627 748 
Dissolved Oxygen 0.0001 341 569 571 379 931 386 237 555 684 
Fluoride (F) < 0.0001 193 514 393 287 699 • 287 24 471 24 
Iron (Fe) < 0.0001 269 444 474 249 694 344 617 418 186 
Lead (Pb) < 0.0001 328 700 307 404 975 800 559 628 703 
Lithium (Li) < 0.0001 202 385 607 413 139 258 284 450 708 
Magnesium (Mg) < 0.0001 195 299 576 152 15 205 77 185 633 
Manganese (Mn) < 0.0001 242 499 525 758 520 412 579 302 522 
Mercury (Hg) < 0.0001 150 253 217 217 344 246 235 217 274 
Molybdenum (Mo) < 0.0001 258 518 561 355 873 355 477 610 718 
Nickel (Ni) 0.001 341 511 547 347 347 347 503 602 771 
Nitrate (NO3) < 0.0001 275 475 405 405 405 405 405 460 771 
Ortho-phosphate < 0.0001 48 - 91 - - - - - 91 
pH < 0.0001 275 540 433 883 978 698 345 813 57 
Phosphoru5i0 ta1 < 0.0001 160 313 342 102 469 67 401 298 603 
Potassium (K) < 0.0001 162 459 590 375 73 165 124 212 542 
Redox/Eh < 0.0001 272 592 359 473 442 730 509 441 885 
Rubidium (Rb) 0.0007 339 461 616 442 442 442 606 495 703 
Selenium (Se) < 0.0001 222 459 480 710 921 437 333 384 260 
Silicate (Si) < 0.0001 188 359 236 209 259 584 547 391 635 
Silver (Ag) < 0.0001 306 558 327 327 875 792 469 649 327 
Sodium (Na) < 0.0001 160 548 618 273 850 245 302 630 767 
Specific Conductivity < 0.0001 183 266 299 143 166 205 107 242 739 
Strontium (Sr) < 0.0001 154 531 621 250 12 59 185 351 765 
Sulfate (SO4) < 0.0001 222 377 654 734 337 358 202 371 813 
Sulfur (S) < 0.0001 218 377 653 717 323 351 188 365 810 
Temperature < 0.0001 195 321 507 453 196 81 181 190 752 
Thallium (Tl) < 0.0001 280 437 457 295 295 673 497 459 687 
Tin (Sn) 0.569 213 170 166 275 302 224 142 177-
Titanium (Ti) < 0.0001 331 566 567 374 988 670 534 745 757 
Total dissolved solids < 0.0001 164 335 574 112 89 142 46 205 728 
Total organic carbon < 0.0001 199 483 432 12 88 190 560 318 357 
Total phosphate < 0.0001 209 224 87 482 195 316 273 363 262 
Total suspended 0.0001 298 445 454 253 977· 543 529 567 163 
solids 
Vanadium (V) 0.049 399 492 663 240 240 558 566 605 767 
Zinc (Zn) < 0.0001 251 478 399 900 910 512 399 434 326 
Zirconium (Zr) 0.0005 117 238 79 79 296 202 146 220 -
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Table D.47 continued 

·.· : Parameter : ~value • LSD.•· ·pMlJD.• >QIJAA QBlJA ;, QBUU QUUU : .. QWTA 
Alkalinity < 0.0001 166 186 557 444 764 586 370 
Aluminum (Al) < 0.0001 281 710 459 434 389 444 499 
Antimony (Sb) < 0.0001 307 496 456 483 797 821 489 
Arsenic (As) <0.0001 205 391 572 509 619 410 424 
Barium (Ba) < 0.0001 190 386 497 544 452 182 568 
Beryllium (Be) < 0.0001 289 549 480 426 573 340 533 
Bismuth (Bi) 0.0039 82 149 150 149 - - 149 
Boron (B) < 0.0001 170 425 576 341 738 597 329 
Bromide (Br) < 0.0001 335 481 494 485 481 481 481 
Cadmium (Cd) < 0.0001 169 444 379 701 548 419 -
Calcium (Ca) < 0.0001 191 184 527 504 741 881 465 
Cesium (Cs) < 0.0001 105 204 126 115 - - 138 
Chloride (Cl) < 0.0001 248 499 488 564 423 790 592 
Chromium (Cr) < 0.0001 221 422 517 572 307 349 551 
Cobalt (Co) < 0.0001 313 317 490 470 725 638 496 
Copper (Cu) < 0.0001 315 521 451 473 463 745 476 
Dissolved Oxygen 0.0001 341 395 451 577 355 896 519 
Fluoride (F) < 0.0001 193 348 414 311 ,339 644 313 
Iron (Fe) < 0.0001 269 349 540 401 629 298 493 
Lead (Pb) < 0.0001 328 576 440 469 535 580 443 
Lithium (Li) <0.0001 202 358 564 428 740 743 378 
Magnesium (Mg) < 0.0001 195 207 551 477 725 841 400 
Manganese (Mn) < 0.0001 242 412 545 532 626 494 556 
Mercury (Hg) < 0.0001 150 268 - - - - -
Molybdenum (Mo) < 0.0001 258 502 554 455 503 764 424 
Nickel (Ni) 0.001 341 504 492 455 366 789 497 
Nitrate (NO3) < 0.0001 275 488 460 540 450 792 543 
Ortho-phosphate < 0.0001 48 115 77 50 93 
pH < 0.0001 275 678 517 480 252 181 471 
PhosphoruStota1 < 0.0001 160 297 589 422 506 399 434 
Potassium (K) < 0.0001 162 342 584 427 732 692 394 
Redox/Eh < 0.0001 272 531 441 579 661 958 516 
Rubidium (Rb) 0.0007 339 442 502 490 506 711 483 
Selenium (Se) < 0.0001 222 495 511 586 405 470 492 
Silicate (Si) < 0.0001 188 294 572 521 744 743 514 
Silver (Ag) < 0.0001 306 548 471 513 381 327 529 
Sodium (Na) < 0.0001 160 510 582 362 724 622 340 
Specific Conductivity < 0.0001 183 242 534 459 737 862 390 
Strontium (Sr) < 0.0001 154 392 586 364 745 789 330 
Sulfate (SO4) < 0.0001 222 278 518 465 766 830 399 
Sulfur (S) < 0.0001 218 291 522 460 778 821 399 
Temperature < 0.0001 195 170 446 429 784 522 452 
Thallium (Tl) < 0.0001 280 428 443 456 633 • 528 480 
Tin (Sn) 0.569 213 165 150 152 - - 141 
Titanium (Ti) < 0.0001 331 495 483 457 421 792 504 
Total dissolved solids < 0.0001 164 204 556 455 764 825 402 
Total organic carbon < 0.0001 199 378 515 406 624 626 478 
Total phosphate < 0.0001 209 480 382 392 87 404 -
Total suspended 0.0001 298 433 534 428 562 405 513 
solids 
Vanadium (V) 0.049 399 395 495 474 497 778 510 
Zinc (Zn) < 0.0001 251 408 437 429 630 705 436 
Zirconium (Zr) 0.0005 117 174 154 129 - - 166 .. 
' LSD = Least S1gmficant Difference. For an md1v1dual chemical, mean ranks between aqmfers which differ by more than the LSD have 
significantly different mean ranks at the 0.05 significance level. 
2 see Table 1 for minor aquifer group descriptions 
3 insufficient sample size or not sampled 
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Table D.48: Mean ranks using Kruskal-Wallis test, by chemical and aquifer age group. The null 
hypothesis was concentrations of individual chemicals did not differ by aquifer group. The null 
hypothesis is generally rejected if the p-value is less than 0.05. 

•• Parameter p-value •• ·• LSI)'·. < Ca,. ··•: D •• ... Cr .. 0 .. p BQ . SQ'. ... 
Alkalinity < 0.0001 40 452 552 705 503 237 543 377 
Aluminum (Al) < 0.0001 60 498 565 540 470 714 450 497 
Antimony (Sb) 0.044 120 486 425 572 596 568 476 500 
Arsenic (As) < 0.0001 45 367 574 444 382 388 561 423 
Barium (Ba) < 0.0001 46 408 815 268 574 325 505 555 
Beryllium (Be) < 0.0001 71 470 624 460 437 623 473 527 
Bismuth (Bi) < 0.0001 84 155 - - 156 152 150 149 
Boron (B) < 0.0001 42 378 470 827 447 530 535 337 
Bromide (Br) < 0.0001 72 485 481 556 481 493 492 481 
Cadmium (Cd) < 0.0001 39 522 904 555 681 435 442 423 
Calcium (Ca) < 0.0001 40 444 488 693 522 218 432 479 
Cesium (Cs) < 0.0001 61 274 -~ - 204 206 124 138 
Chromium (Cr) < 0.0001 43 506 254 434 359 516 519 544 
Chloride (Cl) < 0.0001 58 349 248 660 482 499 500 599 
Cobalt (Co) 0.0062 111 545 411 571 470 404 496 500 
Copper (Cu) < 0.0001 69 475 632 666 554 560 456 485 
Dissolved Oxygen 0.224 - 526 507 487 545 507 472 531 
Fluoride (F) < 0.0001 49 257 180 497 284 423 392 322 
Iron (Fe) 0.0008 82 468 605 587 424 404 515 486 
Lead (Pb) < 0.0001 69 552 530 575 538 631 450 447 
Lithium (Li) < 0.0001 49 370 543 686 470 406 544 390 
Magnesium (Mg) < 0.0001 42 . 483 371 698 496 259 543 415 
Manganese (Mn) < 0.0001 48 385 405 516 355 438 546 554 
Mercury (Hg) 0.0001 55 229 338 224 225 250 241 268 
Molybdenum (Mo) < 0.0001 60 425 395 529 420 541 532 435 
Nickel (Ni) 0:010 106 448 518 572 533 534 479 506 
Nitrate (N03) 0.0007 77 518 405 495 539 482 476 551 
Ortho-phosphate < 0.0001 91 43 84 122 75 91 111 71 
pH < 0.0001 70 547 367 353 461 615 498 462 
PhosphoruSu,ta1 < 0.0001 43 349 706 666 430 317 552 433 
Potassium (K) < 0.0001 39 374 348 809 436 356 558 404 
Redox/Eh 0.003 90 498 371 433 573 545 479 530 
Rubidium (Rb) 0.031 111 475 442 577 486 485 500 490 
Selenium (Se) < 0.0001 50 352 317 417 317 448 522 492 
Silicate (Si) < 0.0001 35 338 519 463 351 366 569 522 
Silver (Ag) 0.0018 90 536 403 493 465 558 476 523 
Sodium (Na) < 0.0001 40 343 470 815 399 551 544 349 
Specific Conductivity < 0.0001 40 444 479 805 525 269 527 406 
Strontium (Sr) < 0.0001 38 373 481 746 441 433 548 345 
Sulfate (S04) < 0.0001 51 445 337 810 529 376 518 413 
Sulfur (S) < 0.0001 50 449 323 813 530 378 520 413 
Temperature < 0.0001 36 695 517 723 516 268 457 454 
Thallium (Tl) < 0.0001 70 577 545 520 601 457 454 481 
Tin (Sn) 0.171 131 157 - - 117 175 150 141 
Titanium (Ti) 0.0002 90 462 465 526 513 597 475 513 
Total dissolved solids < 0.0001 47 396 403 831 474 277 545 516 
Total organic carbon < 0.0001 58 402 729 567 536 394 497 483 
Total phosphate < 0.0001 59 343 ns 386 367 269 456 402 
Total suspended solids 0.0003 85 455 579 596 376 464 514 509 
Vanadium (V) 0.043 123 443 433 625 494 506 491 518 
Zinc (Zn) < 0.0001 42 654 419 577 681 447 444 445 
Zirconium (Zr) < 0.0001 40 118 - - 105 200 149 166 

.. 1 LSD = Least Sigmficant Difference. For an mdividual chemical, mean ranks between aqmfers which differ by more than the LSD have 
significantly different mean ranks at the 0.05 significance level. 
2 Ca=Cambrian; D=Devonian; Cr-Cretaceous; O=Ordovician; P=Precambrian; BQ=buried Quaternary; SQ=surficial Quaternary; UC=upper 
carbonate 
3 Insufficient sample size or not sampled 
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Table D.49: Mean ranks using Kruskal-Wallis test, by chemical and aquifer hydrologic group. 
The null hypothesis was concentrations of individual chemicals did not differ by aquifer group. 
The null hypothesis is generally rejected if the p-value is less than 0.05. 

• ,Parameter•• ... • p~value .LSD,.. CFIG.,.CFRN- •• OSTP:'o,nc~ CMSH-CMTS;.-· •·· . Upper ··• > ··•· .... ·mc;i} •CJDN )PcMHN Carbon~te, .. .. ·-• .. .. . ' . . ... 

Alkalinity < 0.0001 12 122 98 67 137 
Aluminum (Al) 0.709 56 118 106 107 103 
Antimony (Sb) 0.193 30 114 112 116 94 
Arsenic (As) < 0.0001 12 98 87 102 145 
Barium (Ba) < 0.0001 9 88 89 93 160 
Beryllium (Be) 0.216 32 113 100 119 110 
Bismuth (Bi) 0.003 12 32 32 31 47 
Boron (B) 0.039 23 110 100 96 128 
Bromide (Br) 0.064 24 108 108 112 108 
Cadmium (Cd) < 0.0001 9 89 102 54 149 
Calcium (Ca) 0.002 16 116 108 69 125 
Cesium (Cs) 0.413 24 34 36 27 28 
Chloride (Cl) 0.443 40 94 113 110 112 
Chromium (Cr) < 0.0001 11 130 121 125 67 
Cobalt (Co) 0.001 17 137 106 117 87 
Copper (Cu) 0.000 14 88 108 83 137 
Dissolved Oxygen 0.196 30 109 119 103 98 
Fluoride (F) 0.116 23 83 89 60 84 
Iron (Fe) < 0.0001 14 117 86 123 134 
Lead (Pb) 0.295 33 105 117 97 100 
Lithium (Li) < 0.0001 12 98 99 81 144 
Magnesium (Mg) 0.000 14 138 109 66 110 
Manganese (Mn) 0.021 23 116 96 136 114 
Mercury (Hg) 0.253 33 74 71 68 77 
Molybdenum (Mo) 0.267 32 108 105 108 118 
Nickel (Ni) 0.015 20 94 110 94 125 
Nitrate (N03) 0.027 21 103 121 104 100 
Ortho-phosphate < 0.0001 7 23 45 _,. 68 
pH 0.019 22 119 115 124 89 
Phosphorustotal < 0.0001 10 88 87 117 153 
Potassium (K) 0.254 33 123 103 98 115 
Redox/Eh 0.000 14 110 130 88 88 
Rubidium (Rb) 0.901 87 108 108 113 111 
Selenium (Se) 0.333 31 83 82 101 91 
_Silicate (Si) 0.000 16 96 95 117 137 
Silver (Ag) 0.001 16 129 112 107 88 
Sodium(Na) < 0.0001 14 104 90 110 141 
Specific Conductivity 0.000 15 113 101 75 134 
Strontium (Sr) 0.001 16 113 94 95 135 
Sulfate (S04) 0.005 18 114 117 68 111 
Sulfur (S) 0.003 17 115 120 69 108 
Temperature < 0.0001 11 144 122 76 83 
Thallium (Tl) O.oI5 19 98 121 82 105 
Tin (Sn) 0.147 19 34 27 39 37 
Titanium (Ti) 0.291 34 103 106 108 119 
Total dissolved solids 0.001 15 116 102 69 128 
Total organic carbon < 0.0001 11 96 95 84 150 
Total phosphate 0.504 32 52 56 57 68 
Total suspended solids 0.002 18 117 90 133 -118 
Vanadium (V) 0.648 51 106 110 98 115 
Zinc (Zn) < 0.0001 13 131 125 71 89 
Zirconium (Zr) 0.379 25 35 29 34 41 

• LSD = Least Sigmficant Difference. For an mdividual chemical, mean ranks between aqmfers which differ by more than the LSD have 
significantly different mean ranks at the 0.05 significance level. 
2 Insufficient sample size or not sampled 
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Table D.50: Mean ranks using Kruskal-Wallis test, by chemical and well diameter. The null 
hypothesis was concentrations of individual chemicals did not differ by well diameter. The null 
hypothesis is generally rejected if the p-value is less than 0.05. 

• Parameter • p,-value LSI) 4inch 5inch •·•• 6inch 7inch Sinch··. l2to 24inch ; 30inch. 
... 

16 inch·· • .. .. . . . •.. . ' •• 

Alkalinity <0.0001 107 435 700 383 588 435 520 555 539 
Aluminum (Al) 0.0001 205 498 429 627 137 270 561 501 554 
Antimony (Sb) <0.0001 113 424 719 434 763 645 555 767 799 
Arsenic (As) <0.0001 170 473 584 381 262 209 501 537 488 
Barium (Ba) 0.065 252 511 476 428 210 394 409 211 399 
Beryllium (Be) 0.024 259 500 455 540 668 340 340 340 418 
Bismuth (Bi) 0.769 422 152 -· 149 - - 149 - -
Boron (B) <0.0001 113 432 707 452 701 535 521 786 518 
Bromide (Br) 0.978 789 491 492 480 480 480 480 480 480 
Cadmium (Cd) <0.0001 150 443 603 629 552 618 622 590 384 
Calcium (Ca) <0.0001 119 426 708 434 720 607 537 879 834 
Cesium (Cs) 0.405 273 150 - 166 - - 215 - -
Chloride (Cl) 0.0009 297 492 464 523 399 727 531 815 867 
Chromium (Cr) <0.0001 110 537 381 412 371 443 323 284 273 
Cobalt (Co) <0.0001 194 456 599 445 447 633 643 666 648 
Copper (Cu) <0.0001 231 464 558 580 472 638 470 681 725 
Dissolved Oxygen 0.021 353 483 500 526 482 896 659 580 741 
Fluoride (F) 0.227 369 362 331 369 367 495 446 412 513 
Iron (Fe) <0.0001 113 472 622 423 494 110 414 367 192 
Lead (Pb) 0.061 310 479 488 611 484 342 448 395 619 
Lithium (Li) <0.0001 126 435 687 438 742 560 502 850 686 
Magnesium (Mg) <0.0001 130 437 681 418 607 ·620 533 814 784 
Manganese (Mn) <0.0001 135 485 587 375 255 68 399 658 346 
Mercury (Hg) 0.834 277 246 240 238 217 217 217 274 263 
Molybdenum (Mo) 0.018 296 482 531 504 473 355 406 631 743 
Nickel (Ni) 0.001 281 477 539 484 495 718 601 758 722 
Nitrate (N03) <0.0001 166 488 457 552 564 749 606 914 939 
Ortho-phosphate 0.005 67 63 100 86 91 53 78 72 83 
pH <0.0001 63 565 296 470 101 408 405 105 215 
Phosphoru5rota1 <0.0001 111 460 661 367 452 516 272 455 525 
Potassium (K) <0.0001 120 442 687 403 508 518 528 769 666 
Redox/Eh <0.0001 131 425 689 511 841 678 623 906 780 
Rubidium (Rb) 0.0003 252 494 448 518 499 784 596 922 932 
Selenium (Se) <0.0001 165 473 605 359 402 428 360 530 703 
Silicate (Si) <0.0001 179 153 - 137 - - 57 - -
Silver (Ag) <0.0001 173 517 415 472 327 450 476 327 431 
Sodium (Na) <0.0001 127 434 684 491 813 571 490 754 557 
Specific Conductivity <0.0001 189 486 462 265 432 518 297 519 660 
Strontium (Sr) <0.0001 107 421 731 444 657 593 521 853 684 
Sulfate (S04) <0.0001 114 422 718 429 757 598 539 873 759 
Sulfur (S) <0.0001 204 457 572 454 650 727 624 765 900 
Temperature <0.0001 152 446 648 462 893 552 639 753 463 
Thallium (Tl) <0.0001 152 447 635 497 462 350 614 658 613 
Tin (Sn) 0.372 126 422 698 512 840 689 610 905 788 
Titanium (Ti) 0.014 189 453 573 591 793 744 578 444 652 
Total dissolved solids <0.0001 313 489 484 559 535 527 503 666 789 
Total organic carbon <0.0001 179 415 460 275 362 87 241 87 440 
Total phosphate 0.0001 239 481 522 530 442 442 506 694 648 
Total suspended <0.0001 152 480 583 429 508 193 313 381 301 
solids 
Vanadium (V) 0.003 293 474 536 527 454 622 501 729 792 
Zinc (Zn) 0.149 329 484 533 499 214 398 411 382 627 
Zirconium (Zr) 0.229 168 150 - 176 - - 79 - -
• Insufficient sample size or no samples collected 
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Table D.51: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the 
Cambrian group. The null hypothesis was concentrations of individual chemicals did not differ by 
well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

>/ ;- .· ·.···: p.,,vahi.e-. • ••• ·t~~:<,:·,;:;1. '.'M~~~ <> •• • SJncb 6 jlich: >o·• - ':,12tol6 36 inch, • V :U~"'~l ; :·.}: 

<:> · ...... :· :: ': /. 
• 1, .- .. , •. ·:· ; J11ch;'·. ... L , ., 'L ·. :: 

Alkalinity 0.023 58.5 47.7 79.3 51.6 51.0 43.8 100.0 
Aluminum (Al) 0.027 40.5 53.1 26.0 61.9 9.5 64.5 19.0 
Antimony (Sb) 0.001 50.7 46.6 81.2 32.3 90.0 58.5 95.0 
Arsenic (As) 0.126 51.0 49.1 72.4 42.9 13.0 49.2 27.5 
Barium (Ba) 0.314 84.7 49.5 67.4 42.0 78.0 54.0 83.0 
Beryllium (Be) 0.300 75.1 50.6 53.2 45.6 37.0 37.0 97.0 
Bismuth (Bi) 0.928 139.5 22.6 

_, 
21.5 - 21.5 -

Boron (B) 0.001 43.5 47.3 88.5 51.1 25.0 38.5 87.0 
Bromide (Br) 0.998 313.6 51.6 51.0 51.0 51.0 51.0 51.0 
Cadmium (Cd) 0.716 79.5 51.4 54.3 45.5 20.0 45.3 20.0 
Calcium (Ca) 0.046 61.5 47.9 78.8 47.6 69.0 48.7 83.0 
Cesium (Cs) 0.147 37.0 21.7 - 38.5 - 25.0 -
Chloride (Cl) 0.298 80.7 51.1 46.4 53.8 100.0 71.7 13.5 
Chromium (Cr) 0.013 47.5 53.8 21.8 46.2 93.0 61.5 26.0 
Cobalt (Co) 0.494 80.9 49.3 66.9 41.0 43.0 44.3 64.0 
Copper(Cu) 0.304 59.0 53.5 49.1 33.1 27.0 65.7 27.0 
Dissolved Oxygen 0.004 51.3 52.6 20.5 62.1 92.0 82.5 64.5 
Fluoride (F) 0.998 285.9 35.1 36.1 37.9 - 35.5 35.5 
Iron (Fe) 0.008 45.9 51.1 73.4 40.3 3.0 16.3 97.0 
Lead (Pb) 0.378 65.8 51.9 37.5 51.3 20.5 71.7 31.0 
Lithium (Li) 0.000 32.7 48.2 93.0 38.9 22.0 50.8 22.0 
Magnesium (Mg) 0.393 84.8 48.9 68.1 56.0 53.0 43.7 82.0 
Manganese (Mn) 0.049 41.2 53.4 64.9 26.9 8.5 29.3 47.0 
Mercury (Hg) 0.906 71.7 28.3 26.0 26.0 26.0 26.0 26.0 
Molybdenum (Mo) 0.794 103.4 51.7 54.8 43.5 43.5 58.5 43.5 
Nickel (Ni) 0.009 44.0 52.9 39.5 39.5 39.5 90.3 39.5 
Nitrate (NO3) 0.091 63.3 51.6 39.5 54.2 88.0 74.8 39.5 
Ortho-phosphate 0.069 14.8 12.7 - 18.2 - 22.5 -
pH 0.002 39.1 54.3 17.4 59.2 37.5 83.3 35.5 
Phosphoru5tota1 0.070 54.5 49.8 77.5 38.3 55.0 37.3 56.0 
Potassium (K) 0.001 41.7 47.0 90.1 55.1 35.0 28.7 83.0 
Redox/Eh 0.853 124.4 50.6 52.9 55.6 66.5 65.0 24.0 
Rubidium (Rb) 0.516 80.8 51.9 48.0 48.0 48.0 64.0 48.0 
Selenium (Se) 0.528 91.2 42.9 43.5 48.5 77.0 26.8 69.5 
Silicate (Si) 0.131 57.8 50.9 72.3 32.4 64.0 41.7 42.0 
Silver (Ag) 0.291 82.9 50.4 49.0 37..2 65.0 64.8 98.0 
Sodium (Na) 0.002 50.5 47.7 85.1 45.9 82.0 31.7 91.0 
Specific Conductivity 0.011 54.1 48.0 81.8 47.9 74.0 32.7 85.0 
Strontium (Sr) 0.002 47.1 47.2 87.4 51.3 57.0 34.7 83.0 
Sulfate (SO4) 0.086 60.9 48.0 77.3 56.1 50.0 42.0 71.0 
Sulfur (S) 0.077 60.3 47.5 76.9 61.1 50.0 45.7 67.0 
Temperature 0.130 70.2 47.7 70.8 63.2 46.0 51.0 91.0 
Thallium (Tl) 0.593 101.4 49.9 43.6 54.9 52.0 69.8 83.0 
Tin (Sn) 0.134 18.8 23.5 - 8.5 - 4.0 -
Titanium (Ti) 0.116 55.1 52.9 42.0 42.0 42.0 75.3 42.0 
Total dissolved solids 0.018 54.1 46.7 80.4 48.7 68.5 39.3 76.0 
Total organic carbon 0.040 53.0 48.5 .79.7 47.9 20.0 49.3 71.5 
Total phosphate 0.475 54.4 38.0 46.1 31.5 13.5 32.5 13.5 
Total suspended 0.030 51.0 49.3 70.2 49.9 31.0 12.0 88.0 
solids 
Vanadium (V) 0.448 72.1 51.4 58.8 40.4 29.0 70.0 29.0 
Zinc (Zn) 0.308 74.0 51.8 45.5 61.2 4.0 42.8 93.0 
Zirconium (Zr) 0.795 - 22.6 - 23.5 - - 15.5 
' Insufficient sample size or no samples collected 
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Table D.52: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the 
Devonian group. The null hypothesis was concentrations of individual chemicals did not differ by 
well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05 . 

. Parameter ;. p,;vahie ... 4 inch ... •. ••. S.iilch 
.. 

Alkalinity 0.383 3.0 5.8 
Aluminum (Al) 0.223 2.0 5.9 
Antimony (Sb) 1.000 5.5 5.5 
Arsenic (As) 0.862 5.0 5.6 
Barium (Ba) 0.602 7.0 5.3 
Beryllium (Be) 0.856 6.0 5.4 
Bismuth (Bi) - J - -
Boron (B) 0.384 3.0 5.8 
Bromide (Br) 1.000 5.0 5.0 
Cadmium (Cd) 0.384 3.0 5.8 
Calcium (Ca) 0.862 5.0 5.6 
Cesium (Cs) - - -
Chloride (Cl) 0.699 6.0 4.9 
Chromium (Cr) 0.431 7.5 5.3 
Cobalt (Co) 0.862 5.0 5.6 
Copper (Cu) 0.384 8.0 5.2 
Dissolved Oxygen 0.117 10.0 5.0 
Fluoride (F) 0.115 9.0 4.5 
Iron (Fe) 0.862 5.0 5.6 
Lead (Pb) 0.384 8.0 5.2 
Lithium (Li) 0.862 5.0 5.6 
Magnesium (Mg) 0.384 5.8 3.0 
Manganese (Mn) 0.862 6.0 5.4 
Mercury (Hg) 0.350 3.0 5.8 
Molybdenum (Mo) 0.739 5.0 5.6 
Nickel (Ni) 0.433 3.5 5.7 
Nitrate (NO3) 1.000 5.5 5.5 
Ortho-phosphate 0.724 4.5 5.6 
pH 0.861 6.0 5.4 
Phosphoru5wta1 0.384 3.0 5.8 
Potassium (K) 0.384 3.0 5.8 
Redox/Eh 0.384 8.0 5.2 
Rubidium (Rb) 1.000 5.5 5.5 
Selenium (Se) 0.706 4.0 4.6 
Silicate (Si) 0.602 4.0 5.7 
Silver (Ag) 0.619 4.5 5.6 
Sodium (Na) 0.117 1.0 6.0 
Specific Conductivity 0.862 5.0 5.6 
Strontium (Sr) 0.223 2.0 5.9 
Sulfate (SO4) 0.439 3.0 5.3 
Sulfur (S) 0.602 4.0 5.7 
Temperature 0.287 2.5 5.8 
Thallium (Tl) 0.353 3.0 5.8 
Tin (Sn) - - -
Titanium (Ti) 0.619 4.5 5.6 
Total dissolved solids 0.245 2.0 5.4 
Total organic carbon 0.117 10.0 5.0 
Total phosphate - - -
Total suspended 1.000 5.0 5.0 
solids 
Vanadium (V) 0.853 6.0 5.4 
Zinc (Zn) 0.384 3.0 5.8 
Zirconium (Zr) - - -
• Insufficient sample size or no samples collected 
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Table D.53: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the 
Cretaceous group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter :,• p-value •· LSI>.• '4inch. • • 5inch ·. 6inth ·. • 8inch l2.ttf16 36incn 
.. . ; ... .. ,:. . ... . ·, .. '. inch.•' . : 

Alkalinity 0.535 47.5 15.6 20.8 30.0 23.0 12.0 33.0 
Aluminum (Al) 0.621 46.8 19.0 20.4 32.0 3.0 21.0 23.0 
Antimony (Sb) 0.131 34.1 23.7 18.6 6.0 37.0 6.0 35.0 
Arsenic (As) 0.357 31.7 23.l 20.0 2.0 16.0 5.0 28.0 
Barium (Ba) 0.764 54.2 21.9 19.3 21.0 19.0 8.0 32.0 
Beryllium (Be) 0.895 56.6 22.2 19.9 16.0 16.0 16.0 16.0 
Bismuth (Bi) -· - - - - - - -
Boron (B) 0.717 37.2 19.7 21.4 16.0 13.0 12.0 6.0 
Bromide (Br) 0.762 46.9 23.1 19.4 17.0 17.0 17.0 17.0 
Cadmium (Cd) 0.827 58.0 21.9 19.4 7.5 24.5 27.0 19.5 
Calcium (Ca) 0.094 37.0 11.9 21.0 33.0 36.0 32.0 26.0 
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0.192 36.6 25.1 17.8 4.0 35.0 21.0 31.0 
Chromium (Cr) 0.008 24.8 30.7 16.2 39.0 19.0 8.0 18.0 
Cobalt (Co) 0.462 42.0 13.8 21.7 31.0 27.0 18.0 17.0 
Copper(Cu) 0.790 65.2 19.2 19.2 30.0 31.0 18.0 28.0 
Dissolved Oxygen 0.221 41.0 14.8 20.5 38.0 35.0 13.0 28.0 
Fluoride (F) 0.231 24.4 16.8 11.1 - 21.0 - 18.0 
Iron (Fe) 0.035 27.9 14.1 22.1 39.0 4.0 34.0 2.0 
Lead (Pb) 0.464 38.2 18.6 21.0 34.0 11.5 3.0 19.0 
Lithium (Li) 0.325 40.9 23.9 18.2 27.0 32.0 4.0 29.0 
Magnesium (Mg) 0.114 38.3 12.2 20.9 30.0 35.0 32.0 31.0 
Manganese (Mn) 0.058 23.2 12.7 23.4 29.0 1.0 22.0 7.0 
Mercury (Hg) 0.997 123.3 17.5 18.2 17.5 17.5 17.5 17.5 
Molybdenum (Mo) 0.695 51.8 20.7 19.5 30.0 14.0 14.0 29.0 
Nickel (Ni) 0.405 47.9 16.5 19.7 32.0 31.0 27.0 29.0 
Nitrate (NO3) 0.002 25.1 25.0 17.2 16.5 37.0 16.5 39.0 
Ortho-phosphate 0.280 11.5 - 4.6 9.0 - - 4.0 
pH 0.329 28.6 24.8 19.7 6.0 22.0 3.0 13.0 
Phosphoru5tota1 0.026 19.1 10.9 24.2 27.0 9.0 11.0 6.0 
Potassium (K) 0.908 66.9 21.2 19.7 25.0 8.0 24.0 20.0 
Redox/Eh 0.301 45.4 21.3 18.2 20.0 39.0 19.0 38.0 
Rubidium (Rb) 0.518 45.8 19.1 19.8 32.0 15.0 15.0 31.0 
Selenium (Se) 0.106 27.2 29.0 17.4 8.0 26.0 16.0 17.0 
Silicate (Si) 0.268 43.6 16.8 19.8 37.0 35.0 11.0 32.0 
Silver (Ag) 0.002 17.2 31.9 16.8 14.0 14.0 14.0 14.0 
Sodium (Na) 0.820 47.7 19.0 21.2 13.0 23.0 16.0 7.0 
Specific Conductivity 0.254 36.6 15.0 21.4 26.0 33.0 27.0 2.0 
Strontium (Sr) 0.068 31.2 11.0 22.2 25.0 32.0 35.0 11.0 
Sulfate (SO4) 0.207 36.1 12.1 21.9 26.0 30.0 31.0 15.0 
Sulfur (S) 0.236 36.6 12.3 21.9 24.0 30.0 31.0 15.0 
Temperature 0.094 20.5 13.0 23.7 10.5 3.0 20.0 13.5 
Thallium (Tl) 0.344 35.3 14.9 21.8 12.0 25.0 12.0 30.5 
Tin (Sn) - - - - - - - -
Titanium (Ti) 0.190 36.4 16.8 20.4 36.0 14.5 14.5 34.0 
Total dissolved solids 0.365 42.7 13.4 21.2 27.0 34.0 26.0 20.0 
Total organic carbon 0.244 34.3 12.4 22.3 28.5 30.0 15.5 15.5 
Total phosphate 0.223 17.1 12.5 17.8 - 4.5 10.0 -
Total suspended 0.090 26.9 14.3 22.5 31.5 3.0 27.5 3.0 
solids 
Vanadium (V) 0.262 44.3 14.6 20.1 34.0 31.0 29.0 32.0 
Zinc (Zn) 0.774 51.3 22.3 19.6 28.0 11.0 9.0 23.0 
Zirconium (Zr) - - - - - - - -
' Insufficient sample size or no samples collected 
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Table D.54: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the 
Ordovician group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter . p-yalue LSD ( 4 inch • 5inch 6inch 7Jnch 8inch ····:· 12to16 ·. : 
.. 

inch :. . • .•. •: . : 

Alkalinity 0.011 49.2 37.5 58.9 45.2 70.0 10.5 71.0 
Aluminum (Al) 0.179 48.9 46.4 33.0 43.7 7.5 54.0 22.5 
Antimony (Sb) 0.928 142.8 41.7 41.7 41.7 56.5 30.0 62.0 
Arsenic (As) 0.007 41.4 36.2 56.8 41.1 2.0 27.0 78.0 
Barium (Ba) 0.118 48.2 40.4 50.2 56.8 3.0 16.0 45.0 
Beryllium (Be) 0.222 65.0 39.6 45.6 44.3 78.5 33.0 33.0 
Bismuth (Bi) 0.819 

_. 
10.5 - 10.0 - - -

Boron (B) 0.011 57.8 37.9 57.7 38.0 77.5 64.0 85.0 
Bromide (Br) 1.000 - 43.5 43.5 43.5 43.5 43.5 43.5 
Cadmium (Cd) 0.335 74.1 37.7 48.0 47.9 27.0 72.0 54.0 
Calcium (Ca) 0.025 51.2 38.4 52.4 57.0 86.0 6.0 32.0 
Cesium (Cs) 0.278 - 10.2 - 16.5 - - -
Chloride (Cl) 0.028 40.5 47.2 30.0 60.6 38.0 27.0 28.0 
Chromium (Cr) 0.328 54.3 45.2 35.1 45.9 48.0 14.0 14.0 
Cobalt (Co) 0.588 95.6 42.7 42.0 33.0 54.0 57.0 73.0 
Copper (Cu) 0.463 71.7 43.1 43.3 53.4 17.0 64.0 17.0 
Dissolved Oxygen 0.857 119.2 44.0 43.0 45.9 25.0 72.0 37.5 
Fluoride (F) 0.500 72.8 32.0 28.5 34.6 55.5 39.5 55.5 
Iron (Fe) 0.089 56.4 39.3 56.9 40.7 73.0 22.0 46.0 
Lead (Pb) 0.403 57.8 43.0 37.3 52.4 26.0 36.5 9.0 
Lithium (Li) 0.003 52.9 36.5 59.5 42.0 77.0 58.5 87.0 
Magnesium (Mg) 0.505 82.3 41.7 50.3 42.6 78.0 30.0 28.0 
Manganese (Mn) 0.416 69.8 42.7 52.5 33.5 53.0 25.0 49.0 
Mercury (Hg) 0.989 145.6 31.6 32.0 30.5 30.5 30.5 30.5 
Molybdenum (Mo) 0.979 168.1 44.0 43.8 46.5 37.5 37.5 37.5 
Nickel (Ni) 0.613 88.8 43.7 45.0 43.3 27.0 78.0 27.0 
Nitrate (NO3) 0.357 61.1 44.4 39.4 55.3 32.5 32.5 32.5 
Ortho-phosphate 0.003 15.7 18.7 35.6 28.7 - 17.5 -
pH 0.028 35.7 50.5 31.6 42.3 4.0 45.0 14.0 
PhosphoruSiota1 0.017 50.5 36.8 59.1 47.5 53.0 74.0 34.5 
Potassium (K) 0.193 76.7 42.2 50.2 32.2 65.0 67.0 81.0 
Redox/Eh 0.372 74.4 45.6 35.4 52.6 25.0 52.5 68.0 
Rubidium (Rb) 0.660 84.9 42.5 46.1 49.1 40.0 40.0 40.0 
Selenium (Se) 0.140 50.4 28.4 39.8 29.3 59.5 29.5 46.5 
Silicate (Si) 0.357 69.8 41.7 50.1 45.3 42.0 1.0 68.0 
Silver (Ag) 0.154 44.2 46.9 34.9 36.5 30.0 30.0 30.0 
Sodium (Na) 0.001 46.7 35.6 60.5 48.4 85.0 21.0 80.0 
Specific Conductivity 0.056 62.3 38.8 51.5 51.7 87.0 12.0 73.0 
Strontium (Sr) 0.009 54.3 37.8 59.0 37.5 80.0 48.0 81.0 
Sulfate (SO4) 0.216 82.9 39.9 49.0 46.4 87.0 66.0 70.0 
Sulfur (S) 0.268 85.6 40.1 48.4 46.9 87.0 59.0 71.0 
Temperature 0.023 50.4 50.2 34.0 28.1 84.0 51.0 40.0 
Thallium (Tl) 0.576 90.0 42.0 42.1 39.0 65.0 71.0 17.5 
Tin (Sn) 0.433 - 10.7 - 6.5 - - -
Titanium (Ti) 0.630 90.4 43.3 43.4 48.8 31.0 73.0 31.0 
Total dissolved solids 0.019 55.3 37.4 54.6 52.6 87.0 16.0 68.0 
Total organic carbon 0.100 58.9 39.0 56.0 43.8 52.0 19.5 74.0 
Total phosphate 0.893 67.1 19.4 20.3 26.5 19.5 10.5 

Total suspended 0.012 46.8 37.4 59.4 45.9 79.5 29.5 29.5 
solids 
Vanadium (V) 0.552 76.5 44.7 40.6 50.3 19.0 64.5 19.0 
Zinc (Zn) 0.435 57.0 46.6 42.8 39.9 5.0 41.0 12.5 
Zirconium (Zr) 0.620 - 10.6 - 8.5 - - -
' Insufficient sample size or no samples collected 
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Table D.55: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the 
Precambrian group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

' 'Parameter ·., .. :' p-,,value .. LSD: • ... ··•·· ;~finch 5inch . 6inch ·7inch ''•• ... 

Alkalinity 0.458 77.7 38.3 62.0 40.6 54.0 
Aluminum {Al) 0.306 41.8 42.6 29.5 34.9 9.0 
Antimony (Sb) 0.957 174.1 40.9 32.0 39.7 42.5 
Arsenic (As) 0.520 86.5 40.2 47.5 38.4 73.0 
Barium (Ba) 0.814 116.5 40.5 34.0 39.8 61.0 
Beryllium (Be) 0.613 67.9 39.9 35.0 45.5 19.5 
Bismuth (Bi) 0.672 

_, 23.6 - 23.0 -
Boron (B) 0.534 80.4 39.9 64.5 39.8 40.0 
Bromide (Br) 0.909 135.7 40.8 39.5 39.5 39.5 
Cadmium (Cd) 0.139 44.2 38.6 22.5 51.1 46.5 
Calcium (Ca) 0.186 62.5 37.9 61.5 47.3 66.0 
Cesium (Cs) 0.403 - 24.2 - 19.7 -
Chloride (Cl) 0.864 113.9 39.9 33.0 44.7 37.0 
Chromium (Cr) 0.799 87.8 41.7 32.8 37.4 26.5 
Cobalt (Co) 0.890 135.5 39.6 49.5 43.4 37.0 
Copper(Cu) 0.171 64.2 39.2 66.0 40.3 74.0 
Dissolved Oxygen 0.258 60.1 38.4 32.3 49.5 65.0 
Fluoride (F) 0.496 54.7 34.3 29.0 36.0 5.0 
Iron (Fe) 0.185 43.6 42.2 53.5 33.6 3.0 
Lead (Pb) 0.662 94.9 40.1 60.0 39.0 48.0 
Lithium (Li) 0.201 64.0 40.5 62.5 34.9 72.0 
Magnesium (Mg) 0.183 60.7 38.3 71.0 45.3 52.0 
Manganese (Mn) 0.242 45.6 42.1 50.0 34.9 2.0 
Mercury (Hg) 0.541 13.2 6.5 6.5 8.5 6.5 
Molybdenum (Mo) 0.911 154.9 40.3 46.5 39.8 52.0 
Nickel (Ni) 0.089 51.5 41.0 67.5 33.1 59.5 
Nitrate (NO3) 0.034 43.8 38.9 34.0 46.4 75.0 
Ortho-phosphate 1.000 - - - 1.5 1.5 
pH 0.080 28.8 43.4 21.5 29.1 18.0 
Phosphorus101a1 0.735 103.3 40.8 52.5 36.5 53.0 
Potassium (K) 0.196 58.6 39.2 75.0 41.7 35.0 
Redox/Eh 0.309 68.0 39.1 29.5 42.7 79.0 
Rubidium (Rb) 0.099 45.5 39.4 58.5 42.9 37.0 
Selenium (Se) 0.145 39.4 43.0 48.5 30.1 12.5 
Silicate (Si) 0.528 86.6 40.1 56.5 38.1 65.0 
Silver (Ag) 0.612 72.5 41.4 50.3 36.6 20.5 
Sodium (Na) 0.747 103.7 39.5 57.0 42.5 41.0 
Specific Conductivity 0.162 60.4 37.4 64.5 46.1 64.0 
Strontium (Sr) 0.116 57.5 38.7 77.5 42.2 55.0 
Sulfate (SO4) 0.372 76.9 39.0 56.0 42.8 72.0 
Sulfur (S) 0.364 76.7 39.1 56.5 42.1 73.0 
Temperature 0.004 41.1 35.3 71.3 54.1 71.5 
Thallium (Tl) 0.000 27.8 36.3 26.5 60.2 58.5 
Tin (Sn) 0.854 - 23.7 - 22.6 -
Titanium· (Ti) 0.602 87.1 41.0 44.8 36.0 62.5 
Total dissolved solids 0.165 58.5 37.6 58.5 49.6 61.0 
Total organic carbon 0.377 50.0 40.0 32.8 46.3 8.0 
Total phosphate 0.990 422.5 39.7 39.8 38.7 -
Total suspended 0.163 35.3 43.1 33.0 32.4 6.0 
solids 
Vanadium (V) 0.150 60.3 40.3 66.5 35.4 70.0 
Zinc (Zn) 0.094 33.1 43.7 38.8 28.3 14.0 
Zirconium (Zr) 0.782 - 23.3 - 24.8 -
' Insufficient sample size or no samples collected 
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Table D.56: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the buried 
Quaternary group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05 . 

Parameter p-value LSD •··· 4inch 5inch • 6inch 
.. 

12tol6 24inch • 30inch . 
.. .• incn· •. .. · . ··• 

. 
.. 

Alkalinity 0.000 92.0 227.3 364.3 190.3 179.5 258.5 201.5 
Aluminum (Al) 0.001 226.7 252.8 234.3 401.8 455.0 457.0 298.5 
Antimony (Sb) 0.000 165.5 230.6 327.4 260.5 495.0 438.0 497.0 
Arsenic (As) 0.042 234.5 244.3 297.8 217.0 363.0 273.5 280.0 
Barium (Ba) 0.000 68.7 278.0 200.4 153.6 136.0 60.5 117.5 
Beryllium (Be) 0.071 202.0 262.2 229.0 295.2 184.5 184.5 184.5 
Bismuth (Bi) 0.798 -· 74.0 - 73.5 - - -
Boron (B) 0.000 28.8 222.0 376.7 248.2 174.0 481.0 318.0 
Bromide (Br) 0.992 864.8 255.7 253.7 249.0 249.0 249.0 249.0 
Cadmium (Cd) 0.000 163.8 234.9 309.2 349.5 322.0 381.3 270.0 
Calcium (Ca) 0.000 89.2 216.4 391.0 228.6 366.0 448.0 456.5 
Cesium (Cs) 0.395 - 73.5 - 81.1 - - -
Chloride (Cl) 0.025 314.7 252.1 255.6 271.4 476.0 442.0 473.0 
Chromium (Cr) 0.000 106.8 272.5 214.9 167.7 56.5 167.8 99.5 
Cobalt (Co) 0.000 133.6 224.5 351.3 286.0 355.0 377.3 471.5 
Copper (Cu) 0.000 211.7 242.4 287.6 324.7 141.0 427.5 470.5 
Dissolved Oxygen 0.008 261.7 249.5 278.9 191.2 440.0 437.3 279.5 
Fluoride (F) 0.487 408.9 189.5 175.9 229.3 206.5 279.0 367.0 
Iron (Fe) 0.000 132.9 240.7 320.9 259.8 385.0 237.0 83.8 
Lead (Pb) 0.641 422.1 249.4 263.8 318.2 288.0 259.0 263.3 
Lithium (Li) 0.000 115.9 224.1 363.5 249.9 248.5 414.5 430.5 
Magnesium (Mg) 0.000 110.7 221.7 375.3 218.3 378.0 391.0 435.5 
Manganese (Mn) 0.000 146.4 236.1 329.1 277.6 492.0 268.5 235.0 
Mercury (Hg) 0.202 122.0 124.0 111.1 125.0 106.0 106.0 106.0 
Molybdenum (Mo) 0.006 224.8 245.0 289.2 278.2 166.0 299.8 473.8 
Nickel (Ni) 0.001 214.7 247.0 280.4 271.5 189.5 449.8 508.0 
Nitrate (NO3) 0.000 165.7 252.0 249.1 281.0 457.0 491.0 501.0 
Ortho-phosphate 0.695 29.1 18.9 13.4 15.8 - 9.0 15.0 
pH 0.000 49.2 293.8 134.9 257.4 7.0 90.8 29.5 
Phosphoru5tota1 0.003 173.8 243.9 308.8 215.2 74.0 301.0 328.8 
Potassium (K) 0.000 102.2 222.5 377.7 218.3 316.0 499.0 361.5 
Redox/Eh 0.001 244.8 252.3 258.9 224.9 97.5 498.5 507.0 
Rubidium (Rb) 0.000 176.2 248.9 272.7 297.7 226.5 350.3 495.5 
Selenium (Se) 0.002 176.7 259.0 263.7 97.4 202.0 200.8 400.3 
Silicate (Si) 0.000 127.2 237.3 333.8 196.5 232.0 172.5 311.0 
Silver (Ag) 0.025 176.0 265.0 222.4 276.1 179.0 179.0 179.0 
Sodium (Na) 0.000 121.2 226.8 353.9 280.5 251.0 467.5 334.0 
Specific Conductivity 0.000 101.5 217.2 388.9 215.0 376.5 486.8 439.5 
Strontium (Sr) 0.000 99.9 217.2 388.2 249.7 325.0 488.5 390.0 
Sulfate (SO4) 0.000 101.9 214.0 391.9 286.9 388.0 482.5 441.0 
Sulfur (S) 0.000 104.0 215.2 388.4 282.6 386.0 482.5 436.5 
Temperature 0.000 102.6 227.5 361.0 223.3 197.0 414.3 239.3 
Thallium (Tl) 0.000 155.4 235.4 313.6 296.1 468.0 324.3 468.0 
Tin (Sn) 0.234 - 75.0 - 58.2 - - -
Titanium (Ti) 0.002 218.0 253.0 252.0 331.1 205.0 351.5 494.3 
Total dissolved solids 0.000 102.9 217.0 389.3 229.3 369.0 478.0 437.3 
.Total organic carbon 0.000 176.3 234.3 320.7 267.3 379.0 324.3 355.5 
Total phosphate 0.124 204.6 241.4 253.9 176.0 140.5 34.5 
Total suspended 0.026 205.2 247.5 291.7 275.8 303.5 309.3 160.5 
solids 
Vanadium (V) 0.000 214.8 243.1 283.7 341.0 129.5 437.3 496.5 
Zinc (Zn) 0.032 233.2 245.5 289.8 285.7 31.5 193.8 408.5 
Zirconium (Zr) 0.397 - 73.3 - 84.8 - - -
• Insufficient sample size or no samples collected 
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36 inch : 
.·••· 

330.5 
308.8 
365.2 
203.2 
301.0 
184.5 

-
245.3 
249.0 
278.0 
401.3 

-
433.5 
142.8 
264.3 
379.7 
476.3 
234.5 

35.3 
314.8 
377.0 
398.7 

88.8 
106.0 
309.5 
260.5 
503.3 

18.8 
113.3 
189.5 
197.7 
506.7 
226.5 
269.2 
267.7 
179.0 
251.3 
325.8 
325.3 
370.0 
363.7 
220.7 
170.5 

-
288.8 
384.0 
335.3 
34.5 
62.5 

328.2 
335.3 

-



Table D.57: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the surficial 
Quaternary group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

; ,Parameter·• 
Alkalinity 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Bromide (Br) 
Cadmium (Cd) 
Calcium (Ca) 
Cesium (Cs) 
Chloride (Cl) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Dissolved Oxygen 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Nitrate (NO3) 
Ortho-phosphate 
pH 
PhosphoruSiota1 
Potassium (K) 
Redo:x/Eh 
Rubidium (Rb) 
Selenium (Se) 
Silicate (Si) 
Silver (Ag) 
Sodium (Na) 
Specific Conductivity 
Strontium (Sr) 
Sulfate (SO4) 
Sulfur (S) 
Temperature 
Thallium (Tl) 
Tin (Sn) 
Titanium (Ti) 
Total dissolved solids 
Total organic carbon 
Total phosphate 
Total suspended 
solids 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 

p-value 'I LSD • 
0.001 42.0 
0.003 40.5 
0.000 42.2 
0.904 111.7 
0.176 44.0 
0.229 49.7 
1.000 
0.007 52.2 
1.000 
0.121 61.4 
0.000 39.4 
0.259 
0.012 51.8 
0.021 32.0 
0.809 111.0 
0.053 60.2 
0.014 46.4 
0.132 52.6 
0.063 36.7 
0.148 64.6 
0.000 46.4 
0.000 40.9 
0.048 43.1 
0.836 40.8 
0.102 60.6 
0.298 71.3 
0.000 42.1 
0.803 11.9 
0.001 24.8 
0.111 42.9 
0.292 72.l 
0.002 50.9 
0.118 57.4 
0.116 51.4 
0.026 51.7 
0.515 68.8 
0.019 55.4 
0.000 40.2 
0.000 43.0 
0.000 47.l 
0.000 47.2 
0.117 58.3 
0.128 55.0 
0.231 
0.703 99.7 
0.000 39.4 
0.378 81.5 
0.139 56.5 
0.162 42.1 

0.179 67.9 
0.438 73.9 
0.911 

1 Insufficient sample size or no samples collected 

4 inch ? 
58.3 
62.4 
56.5 
62.9 
64.4 
64.2 
22.0 
58.3 
61.0 
58.7 
57.1 
22.5 
58.5 • 
63.8 
59.6 
57.7 
58.9 
34.6 
64.6 
59.1 
56.1 
56.8 
63.0 
21.1 
59.4 
59.2 
58.6 

67.9 
64.0 
59.6 
58.7 
60.8 
61.3 
58.7 
62.3 
58.3 
57.1 
56.2 
55.5 
55.6 
61.3 
59.0 
21.3 
61.2 
57.2 
59.6 
61.1 
64.4 

59.3 
61.8 
21.9 

5inch •• •• 6inch 
86.3 10.3 89.0 92.0 105.5 
31.9 108.3 22.3 71.5 84.7 
88.2 31.4 82.5 107.8 118.0 
58.8 42.3 62.8 57.0 54.2 
68.4 29.3 28.5 52.3 36.5 
45.3 69.5 38.0 53.5 38.0 

22.0 
78.2 38.5 109.0 79.3 115.3 
61.0 61.0 61.0 61.0 61.0 
70.4 100.0 73.5 48.0 78.3 
94.0 12:8 110.5 103.0 112.3 

17.0 
81.6 32.1 86.0 96.0 104.0 
78.1 34.8 17.5 29.3 27.8 
73.5 63.3 73.5 57.7 77.0 
76.6 83.1 73.3 80.8 104.0 
92.8 46.0 42.3 105.8 55.7 
53.5 51.0 32.0 48.5 62.5 
70.4 48.8 37.0 27.5 15.8 
54.4 80.4 46.5 98.7 92.8 
90.1 57.3 116.5 81.2 116.7 
93.8 20.5 112.5 100.7 113.3 
77.9 40.8 86.5 26.7 22.0 
20.8 25.5 22.5 16.5 
71.0 65.4 86.3 88.2 71.7 
80.4 70.5 82.0 68.0 64.0 
65.5 44.5 103.5 109.7 114.7 
3.5 2.0 3.5 4.3 

27.8 67.6 6.0 45.0 25.3 
70.9 16.4 39.3 55.2 47.0 
77.4 43.0 77.0 79.8 88.0 
62.6 42.0 112.5 111.2 115.7 
69.1 56.0 89.0 56.0 76.0 
79.0 19.5 71.3 70.0 50.3 
90.6 33.8 83.5 89.3 75.0 
59.8 77.1 36.5 60.2 36.5 
78.9 42.3 100.5 84.7 109.7 
96.1 21.8 80.0 104.7 113.7 
93.4 35.8 113.5 100.0 117.0 
87.5 63.5 117.5 103.7 115.0 
88.0 60.5 118.5 102.0 114.0 
72.9 21.0 97.0 67.0 77.2 
86.2 72.8 36.5 64.3 61.5 

29.0 
58.9 62.4 81.8 83.7 65.7 
94.3 12.5 112.0 98.3 113.3 
66.9 60.8 87.3 74.0 99.5 
59.8 18.1 13.0 63.0 45.5 
68.9 42.8 22.8 36.0 34.8 

71.9 51.0 75.0 85.0 101.7 
65.1 30.5 62.8 80.5 80.5 

22.6 
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Table D.58: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the CFIG
CFRN-CIGL group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter : p-,value •. LSD ·.•. ,: 4inch .. 5.incb 6inch 
Alkalinity 0.343 25.7 19.3 27.5 24.5 
Aluminum (Al) 0.240 16.5 21.2 11.0 19.3 
Antimony (Sb) 0.029 14.3 18.6 34.0 16.2 
Arsenic (As) 0.606 31.9 19.8 24.5 16.0 
Barium (Ba) 0.506 31.0 19.6 26.5 22.7 
Beryllium (Be) 0.169 14.0 21.3 14.0 14.0 
Bismuth (Bi) 0.803 -· 9.0 - 8.5 
Boron (B) 0.012 14.8 18.0 34.0 30.0 
Bromide (Br) 1.000 - 20.5 20.5 20.5 
Cadmium (Cd) 0.471 26.9 19.6 26.0 16.5 
Calcium (Ca) 0.260 23.3 19.2 28.5 24.7 
Cesium (Cs) - - 8.8 - 13.0 
Chloride (Cl) 0.917 80.3 20.2 22.6 21.3 
Chromium (Cr) 0.007 8.1 22.4 3.5 16.8 
Cobalt (Co) 0.163 18.5 19.1 30.0 16.0 
Copper (Cu) 0.378 20.9 21.2 20.8 12.5 
Dissolved Oxygen 0.050 10.8 22.4 7.6 17.0 
Fluoride (F) 0.592 25.9 14.1 17.8 18.0 
Iron (Fe) 0.430 28.7 19.4 25.8 25.7 
Lead (Pb) 0.137 13.7 21.4 9.4 19.2 
Lithium (Li) 0.010 13.3 18.8 37.0 17.0 
Magnesium (Mg) 0.627 37.0 19.8 22.0 26.3 
Manganese (Mn) 0.702 37.7 20.6 23.5 16.0 
Mercury (Hg) 0.675 22.3 11.9 10.5 10.5 
Molybdenum (Mo) 0.596 31.5 20.5 23.1 17.5 
Nickel (Ni) 0.362 20.1 21.4 16.5 16.5 

. Nitrate (NO3) 0.420 22.0 21.2 17.0 17.0 
Ortho-phosphate - - 6.1 - 5.5 
pH 0.012 8.6 22.8 4.9 16.0 
Phosphoru5rota1 0.327 24.0 19.6 28.8 19.2 
Potassium (K) 0.003 13.4 17.7 37.0 29.7 
Redox/Eh 0.360 20.8 21.1 22.5 11.3 
Rubidium (Rb) 0.716 37.6 20.8 19.0 19.0 
Selenium (Se) 0.517 29.0 18.2 13.8 23.3 
Silicate (Si) 0.468 23.3 21.3 19.8 12.7 
Silver (Ag) 0.614 31.6 20.0 23.5 15.5 
Sodium (Na) 0.106 18.0 19.2 32.3 19.3 
Specific Conductivity 0.187 21.3 19.0 29.5 25.0 
Strontium (Sr) 0.025 15.7 18.3 33.8 27.3 
Sulfate (SO4) 0.301 24.7 19.2 27.0 26.3 
Sulfur (S) 0.144 20.5 18.9 27.0 30.0 
Temperature 0.239 22.9 19.1 28.1 26.0 
Thallium (Tl) 0.139 13.2 21.5 11.5 15.5 
Tin (Sn) - - 9.3 - 4.0 
Titanium (Ti) 0.362 20.1 21.4 16.5 16.5 
Total dissolved solids 0.184 20.4 18.6 29.5 22.3 
Total organic carbon 0.161 20.2 19.1 30.8 22.5 
Total phosphate 0.968 101.5 15.2 14.4 14.0 
Total suspended 0.265 22.9 18.7 27.5 24.3 
solids 
Vanadium (V) 0.274 21.5 19.9 28.3 16.3 
Zinc (Zn) 0.255 21.3 20.3 15.0 29.7 
Zirconium (Zr) - - 8.8 11.5 -
1 Insufficient sample size or no samples collected 
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Table D.59: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the OSTP
OPDC-CJDN group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter •• • Pi'Valne •• :: fa~}', • 
.. :•.: .. ·• .: Sinch.·' • • .'~]nc,b: •. • .: 12!'tol6 

·: !:': .: •. 

··;. -·-·:;-} .: 

f• ), • t:;::: ;<<:; :: : irt~h .... .;• .. <·<: :. :· ::.;. ::: :1:· 

Alkalinity 0.034 34.1 42.5 66.0 42.9 16.5 37.7 
Aluminum (Al) 0.009 32.8 47.0 21.0 53.8 52.0 56.8 
Antimony (Sb) 0.095 42.1 40.4 61.0 43.8 33.5 50.8 
Arsenic (As) 0.020 36.1 39.1 64.1 51.4 32.0 51.5 
Barium (Ba) 0.447 57.8 44.4 57.2 36.4 37.0 44.0 
Beryllium (Be) 0.287 47.8 42.8 53.3 42.2 35.5 35.5 
Bismuth (Bi) 0.959 130.5 13.5 - 13.0 - 13.0 
Boron (B) 0.000 29.5 42.2 72.8 28.4 73.0 31.3 
Bromide (Br) 1.000 -· 45.5 45.5 45.5 45.5 45.5 
Cadmium (Cd) 0.370 62.8 45.1 36.4 49.1 80.0 32.3 
Calcium (Ca) 0.012 30.8 42.1 67.7 46.0 11.0 33.7 
Cesium (Cs) 0.471 37.3 13.3 - 22.0 - 10.5 
Chloride (Cl) 0.449 61.9 45.5 37.0 58.6. 36.5 55.5 
Chromium (Cr) 0.187 46.2 44.1 36.1 57.4 10.0 60.8 
Cobalt (Co) 0.777 90.1 42.2 52.0 44.2 53.0 45.7 
Copper (Cu) 0.353 61.3 47.2 34.6 41.9 71.0 54.8 
Dissolved Oxygen 0.232 59.0 44.8 36.7 55.9 66.0 68.7 
Fluoride (F) 0.528 44.8 31.4 22.0 28.9 34.0 29.0 
Iron (Fe) 0.004 26.1 45.3 65.2 23.4 33.0 20.5 
Lead (Pb) 0.071 40.5 45.0 28.9 59.9 32.0 60.3 
Lithium (Li) 0.001 29.7 41.9 72.5 28.4 69.5 39.5 
Magnesium (Mg) 0.330 51.6 43.6 59.4 42.7 34.0 37.0 
Manganese (Mn) 0.002 26.1 43.7 69.9 25.1 33.0 30.3 
Mercury (Hg) 0.895 76.5 31.0 29.5 29.5 29.5 29.5 
Molybdenum (Mo) 0.361 53.4 46.9 40.0 40.0 40.0 53.7 
Nickel (Ni) 0.083 51.1 45.7 37.0 43.8 84.0 68.7 
Nitrate (NO3) 0.049 39.3 45.3 34.8 63.7 30.5 58.8 
Ortho-phosphate 0.190 34.5 20.7 34.3 31.8 23.0 30.8 
pH 0.002 31.1 47.9 21.4 55.8 37.0 75.2 
Phosphoru5rota1 0.037 44.2 42.4 63.5 40.1 85.0 35.7 
Potassium (K) 0.002 30.7 43.5 68.7 26.6 72.0 24.0 
Redox/Eh 0.482 65.4 45.1 38.5 61.1 50.0 45.7 
Rubidium (Rb) 0.556 68.7 44.8 45.3 48.6 42.0 56.0 
Selenium (Se) 0.048 28.0 29.5 45.6 23.7 30.5 20.3 
Silicate (Si) 0.076 37.2 43.3 61.6 45.3 1.0 40.3 
Silver (Ag) 0.354 52.2 45.4 36.7 38.8 28.0 60.8 
Sodium (Na) 0.002 28.1 41.7 72.6 39.3 40.0 27.0 
Specific Conductivity 0.067 33.4 45.1 60.4 35.6 19.5 21.5 
Strontium (Sr) 0.000 27.2 42.3 73.9 29.9 61.0 24.7 
Sulfate (SO4) 0.006 34.3 43.0 67.3 34.8 75.0 21.7 
Sulfur (S) 0.014 36.0 42.7 66.8 38.1 68.0 24.7 
Temperature 0.999 352.6 45.5' 46.4 43.8 40.5 47.7 
Thallium (Tl) 0.550 76.7 42.4 42.6 55.9 67.0 53.3 
Tin (Sn) 0.500 25.2 14.0 - 8.0 - 8.0 
Titanium (Ti) 0.103 50.9 45.8 38.7 42.4 80.5 63.7 
Total dissolved solids 0.025 32.5 42.3 65.9 41.8 28.0 27.3 
Total organic carbon 0.310 48.9 44.6 58.1 34.7 29.0 41.3 
Total phosphate 0.312 29.9 21.2 29.3 18.8 - 17.5 
Total suspended 0.001 25.5 41.9 70.5 41.0 35.5 14.0 
solids 
Vanadium (V) 0.474 69.1 46.6 37.8 40.4 67.5 60.2 
Zinc (Zn) 0.453 52.8 48.2 35.1 46.2 38.0 32.0 
Zirconium (Zr) 0.783 48.9 13.7 - 11.0 - 11.0 
1 Insufficient sample size or no samples collected 
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Table D.60: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the CMSH
CMTS-PMHN group. The null hypothesis was concentrations of individual chemicals did not differ 
by well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter 1rvalue LSD . 4inch . ... 5inch . 8inch 36.inch .... 

Alkalinity 0.225 33.3 12.4 20.0 19.0 26.0 
Aluminum (Al) 0.243 22.9 13.9 22.0 3.0 6.0 
Antimony (Sb) 0.201 28.7 13.0 5:0 22.0 24.0 
Arsenic (As) 0.533 23.3 14.3 10.0 5.0 8.0 
Barium (Ba) 0.560 43.2 12.8 16.0 19.0 22.0 
Beryllium (Be) 0.146 27.5 12.9 21.5 9.0 -
Bismuth (Bi) 1.000 _, 9.0 9.0 - -
Boron (B) 0.240 30.2 13.0 22.0 6.0 24.0 
Bromide (Br) 0.988 127.0 13.6 13.0 13.0 13.0 
Cadmium (Cd) 0.708 32.0 14.0 9.5 9.5 9.5 
Calcium (Ca) 0.321 36.0 12.5 19.0 20.0 24.0 
Cesium (Cs) 0.072 - 8.5 16.5 - -
Chloride (Cl) 0.184 28.1 13.1 21.0 25.0 4.0 
Chromium (Cr) 0.319 26.5 13.7 4.0 23.0 9.0 
Cobalt (Co) 0.949 79.5 13.5 11.0 12.0 17.0 
Copper (Cu) 0.596 25.9 14.2 8.5 8.5 8.5 
Dissolved Oxygen 0.392 36.7 12.8 13.5 25.0 19.0 
Fluoride (F) 0.881 68.5 10.8 11.0 - 14.0 
Iron (Fe) 0.234 24.8 13.7 12.0 1.0 23.0 
Lead (Pb) 0.703 31.3 14.1 7.5 7.5 12.0 
Lithium (Li) 0.505 30.2 13.7 20.0 7.5 7.5 
Magnesium (Mg) 0.321 36.0 12.5 20.0 19.0 24.0 
Manganese (Mn) 0.243 15.8 14.5 5.5 1.5 10.0 
Mercury (Hg) 1.000 - 4.5 - 4.5 4.5 
Molybdenum (Mo) 0.899 55.1 13.8 11.5 11.5 11.5 
Nickel (Ni) 0.858 47.0 13.8 11.0 11.0 11.0 
Nitrate (NO3) 0.214 26.0 13.3 11.0 24.0 11.0 
Ortho-phosphate - - - - - -
pH 0.924 65.7 13.6 16.5 11.0 10.0 
Phosphoru5iota1 0.934 68.3 13.7 16.0 10.0 11.0 
Potassium (K) 0.226 31.3 12.8 25.0 9.0 23.0 
Redox/Eh 0.717 40.6 13.6 10.0 19.5 8.0 
Rubidium (Rb) 0.935 66.7 13.7 12.0 12.0 12.0 
Selenium (Se) 0.585 41.2 13.1 10.0 22.0 18.0 
Silicate (Si) 0.394 21.8 14.2 2.0 14.0 8.0 
Silver (Ag) 0.190 28.2 12.9 9.5 19.0 25.0 
Sodium (Na) 0.238 34.0 12.4 22.0 21.0 23.0 
Specific Conductivity 0.303 35.7 12.5 20.0 21.0 23.0 
Strontium (Sr) 0.386 37.1 12.7 23.0 14.0 22.0 
Sulfate (S04) 0.333 36.4 12.5 23.0 19.0 21.0 
Sulfur (S) 0.334 36.5 12.5 23.0 19.0 21.0 
Temperature 0.331 35.8 12.6 16.0 20.0 25.0 
Thallium (Tl) 0.136 29.4 12.5 20.0 18.5 26.0 
Tin (Sn) 0.215 - 9.4 3.0 - -
Titanium (Ti) 0.812 40.8 13.9 10.5 10.5 10.5 
Total dissolved solids 0.267 34.8 12.4 22.0 20.0 23.0 
Total organic carbon 0.466 33.7 13.4 17.0 5.0 21.5 
Total phosphate 0.370 21.6 14.2 15.5 4.5 4.5 
Total suspended 0.444 32.9 13.4 17.0 5.0 21.5 
solids 
Vanadium (V) 0.638 34.8 13.7 18.5 8.5 8.5 
Zinc (Zn) 0.207 25.3 13.6 9.0 4.0 26.0 
Zirconium (Zr) 0.527 - 9.2 6.5 - -
' Insufficient sample size or no samples collected 

D-81 



Table D.61: Mean ranks using Kruskal-Wallis test, by chemical and well diameter for the Upper 
Carbonate group. The null hypothesis was concentrations of individual chemicals did not differ by 
well diameter. The null hypothesis is generally rejected if the p-value is less than 0.05 . 

• Parameter. :, .. ... P.."alue 
.. LSD; .. , ~ :::ch \ ... .> •~;~~h //: .6Jnch·• .·• 7 inch>·; :: ·>12 to 16J•:;, .·.:: ·• ....•.. <' /'':'.,. :• ·.,,.,. >:•::••:• ... ·: • ...... ::... .• ··•········•··•·• :·•·······:• iiich 

Alkalinity 0.031 25.3 21.6 35.6 25.3 47.5 50.0 
Aluminum (Al) 0.169 22.6 34.2 33.3 30.8 6.0 14.5 
Antimony (Sb) 0.109 32.5 34.8 28.3 29.7 50.5 54.5 
Arsenic (As) 0.003 18.3 33.8 35.6 19.2 1.5 52.5 
Barium (Ba) 0.075 19.9 35.3 32.4 33.0 1.5 12.5 
Beryllium (Be) 0.032 24.1 24.5 33.3 31.3 57.0 22.5 
Bismuth (Bi) _1 - 2.5 - - - -
Boron (B) 0.050 28.5 24.4 33.6 26.3 47.5 58.5 
Bromide (Br) 1.000 - 30.0 30.0 30.0 30.0 30.0 
Cadmium (Cd) 0.050 18.5 26.1 37.7 25.0 11.5 23.5 
Calcium (Ca) 0.112 29.8 29.2 30.6 34.2 61.5 16.5 
Cesium (Cs) - - 2.5 - - - -
Chloride (Cl) 0.003 18.0 42.5 23.2 41.0 30.5 21.5 
Chromium (Cr) 0.100 27.4 27.6 30.0 38.8 51.5 17.5 
Cobalt (Co) 0.003 22.7 40.7 29.9 18.7 48.5 58.5 
Copper (Cu) 0.041 18.7 35.2 30.9 37.6 6.0 6.0 
Dissolved Oxygen 0.756 48.9 30.0 30.6 37.1 22.0 32.5 
Fluoride (F) 0.010 24.5 22.2 26.5 35.5 53.5 53.5 
Iron (Fe) 0.181 27.4 26.2 35.1 28.2 45.5 12.5 
Lead (Pb) 0.139 23.3 26.8 32.4 39.3 24.5 8.0 
Lithium (Li) 0.023 26.6 21.9 33.6 28.6 48.5 60.5 
Magnesium (Mg) 0.225 32.7 34.4 31.5 26.2 55.5 20.5 
Manganese (Mn) 0.070 24.2 42.6 30.6 21.7 34.5 30.5 
Mercury (Hg) 0.178 23.3 25.0 31.3 25.0 25.0 25.0 
Molybdenum (Mo) 0.702 43.7 32.6 30.7 34.9 24.0 24.0 
Nickel (Ni) 0.244 25.2 35.4 33.6 26.6 16.5 16.5 
Nitrate (N03) 0.145 25.5 27.5 31.3 37.8 27.5 27.5 
Ortho-phosphate 0.055 9.7 16.1 29.2 21.6 - -
pH 0.030 18.2 39.0 30.6 34.4 3.5 8.5 
PhosphoruSiota1 0.002 13.5 25.2 39.9 20.3 23.5 8.5 
Potassium (K) 0.216 35.5 27.3 32.0 28.5 43.5 56.5 
Redox/Eh 0.050 27.7 29.1 27.1 41.5 35.5 55.5 
Rubidium (Rb) 0.589 39.5 28.5 32.1 34.0 28.5 28.5 
Selenium (Se) 0.042 23.3 22.0 24.4 25.4 46.5 38.5 
Silicate (Si) 0.169 28.1 38.6 31.6 23.8 17.5 44.5 
Silver(Ag) 0.002 16.5 42.1 29.3 27.5 27.5 27.5 
Sodium (Na) 0.005 23.4 18.7 34.6 29.0 57.5 53.5 
Specific Conductivity 0.041 29.4 25.2 29.9 34.5 61.5 50.5 
Strontium (Sr) 0.014 25.4 27.9 34.0 20.7 54.5 56.5 
Sulfate (S04) 0.039 28.7 28.5 27.1 36.7 60.5 46.5 
Sulfur (S) 0.030 28.7 29.7 27.2 37.2 61.5 49.5 
Temperature 0.034 27.9 38.3 28.8 24.7 59.5 45.5 
Thallium (Tl) 0.119 27.9 35.1 31.9 26.0 54.0 13.0 
Tin (Sn) - - 2.5 - - - -
Titanium (Ti) 0.593 37.2 31.0 31.7 35.3 20.5 20.5 
Total dissolved solids 0.032 27.4 22.2 32.0 30.3 60.5 47.5 
Total organic carbon 0.121 26.0 25.7 36.2 23.9 23.5 45.5 
Total phosphate 0.040 6.5 6.8 11.5 - 5.5 1.5 
Total suspended 0.064 24.5 27.3 34.6 24.8 53.5 12.5 
solids 
Vanadium (V) 0.269 26.4 33.2 31.2 36.3 14.0 14.0 
Zinc (Zn) 0.188 23.1 30.3 34.2 32.2 5.5 17.5 
Zirconium (Zr) 0.291 82.9 2.5 - - - -
' Insufficient sample size or no samples collected 
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Table D.62: Mean ranks using Mann-Whitney test comparing concentrations of individual chemicals in 
wells containing a detectable volatile organic compound and those without a detected voe. The null 
hypothesis was concentrations of individual chemicals did not differ between wells with and without a 
voe detected. The null hypothesis is generally rejected if the p-value is less than 0.05. 

Parameter· 

Alkalinity 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 

Beryllium (Be) 
Bismuth (Bi) 

Boron (B) 
Bromide (Br) 

Cadmium (Cd) 
Calcium (Ca) 
Cesium (Cs) 
Chloride (Cl) 

Chromium (Cr) 
Cobalt(Co) 
Copper (Cu) 

Dissolved Oxygen 
Fluoride (F) 

Iron (Fe) 
Lead (Pb) 

Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 

Mercury (Hg) 
Molybdenum (Mo) 

Nickel (Ni) 
Nitrate (NO3) 

Ortho-phosphate 
pH 

PhosphorustotaJ 
Potassium (K) 

Redox/Eh 
Rubidium (Rb) 
Selenium (Se) 
Silicate (Si) 
Silver (Ag) 

Sodium (Na) 
Specific Conductivity 

Strontium (Sr) 
Sulfate (SO4) 

Sulfur (S) 
Temperature 
Thallium (Tl) 

Tin (Sn) 
Titanium (Ti) 

Total dissolved solids 
Total organic carbon 

Total phosphate 
Total suspended solids 

Vanadium (V) 
Zinc (Zn) 

Zirconium (Zr) 

I ·i ]r 
value 
0.045 
0.004 
0.827 
0.713 
0.003 
0.908 
0.421 
0.064 
0.245 
0.156 
0.973 
0.005 
0.019 
0.825 
0.790 
0.014 
0.007 
0.114 
0.840 
0.0002 
0.225 
0.435 
0.683 
0.181 
0.180 
0.792 
0.004 
0.683 
0.093 
0.709 
0.817 
0.023 
0.094 
0.523 
0.478 
0.389 
0.909 
0.403 
0.568 
0.331 
0.351 
0.571 
0.066 
0.541 
0.829 
0.591 
0.786 
0.164 
0.498 
0.632 
0.295 
0.174 

Wells containing a .detectable • 
•• • ..... ·voe • • .. 

442 
563 
485 
481 
419 
488 
149 
448 
498 
457 
496 
187 
554 
485 
497 
555 
564 
397 
490 
586 
465 
476 
506 
255 
468 
490 
544 

78 
452 
486 
490 
552 
518 
455 
477 
472 
498 
473 
497 
519 
519 
509 
532 
161 
491 
480 
487 
382 
511 
507 
469 
171 
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WeHs .. not containing: a·detecta.ble 
:voe .. •·.·•.·• 

499 
481 
491 
491 
505 
491 
152 
502 
490 
495 
495 
148 
487 
491 
490 
488 
487 
356 
496 
478 
499 
498 
494 
241 
499 
496 
489 

83 
500 
497 
496 
487 
493 
472 
498 
493 
495 
497 
481 
491 
492 
493 
485 
151 
496 
495 
495 
417 
491 
494 
499 
149 



Table D.63: Summary of significant results comparing water quality parameter concentrations in 
wells with and without a VOC detection. 

•·····•• AquiferGroup 

Cretaceous 
Ordovician 

Precambrian 
buried Quaternary 

surficial Quaternary 

Upper Carbonate 

OSTP-OPDC-CJDN 

• ·R~r?Dl~~ers with :gr~~t~r ·•·· Parameters •JVilh: lower . .. . .. 
··~011¢entrjti6~s :jn•~~ns ;Yfitli 3•: •• • .·• ••.• ·,::co#ce.nti-ati<>.p~l11••we11s :M?,th..:i • 

·.·.:.voe :d~tectea,• . ...... ·........ ·: >VC>'CiJeJ¢~ted :,..·.:· 
Cu,Pb 
Nitrate, pH 

Al, Fe, Pb, total suspended solids 

Ba,Zn 

Alkalinity, Ca, K, specific 
conductivity, Sr, total dissolved 
solids, total organic carbon 
Cr, Si 

D-84 

Fe, Mn, Sr, total organic carbon, 
total phosphate, total suspended 
solids 

Cr, Cs, dissolved oxygen, nitrate, 
oxidation-reduction potential 
Hg, oxidation-reduction potential, 
Tl 



Table D.64: Mean ranks using Mann-Whitney test comparing concentrations of individual 
chemicals in wells containing detectable tritium and those with no tritium detected. The null 
hypothesis was concentrations of individual chemicals did not differ between wells with or without 
detectable tritium. The null hypothesis is generally rejected if the p-value is less than 0.05 . 

. Parallleter •• .. p- . '\\'ells contai~i~g cletectable . Wells .not• c<>11taining cleteC!table 
•. . · . ; ·•·.value tritium . .. · . • tritium· . 

Alkalinity 0.011 110 133 
Aluminum (Al) 0.009 123 100 
Antimony (Sb) 0.100 119 105 
Arsenic (As) 0.968 114 114 
Barium (Ba) 0.923 119 118 
Beryllium (Be) 0.707 115 112 
Bismuth (Bi) 0.205 59 57 
Boron (B) 0.0002 106 140 
Bromide (Br) 0.744 118 119 
Cadmium (Cd) 0.985 114 114 
Calcium (Ca) 0.543 117 122 
Cesium (Cs) 0.958 58 59 
Chloride (Cl) < 0.001 147 74 
Chromium (Cr) 0.003 124 98 
Cobalt (Co) 0.795 115 113 
Copper (Cu) 0.198 123 112 
Dissolved Oxygen 0.008 128 104 
Fluoride (F) 0.191 80 90 
Iron (Fe) 0.011 110 133 
Lead (Pb) 0.400 117 109 
Lithium (Li) 0.284 115 125 
Magnesium (Mg) 0.ol5 110 133 
Manganese (Mn) 0.029 111 131 
Mercury (Hg) 0.356 39 38 
Molybdenum (Mo) 0.044 114 127 
Nickel (Ni) 0.670 118 121 
Nitrate (NO3) < 0.001 134 95 
Ortho-phosphate 0.175 35 29 
pH 0.238 114 125 
Phosphoru5t01a1 0.089 113 129 
Potassium (K) 0.005 109 135 
Redox/Eh 0.094 124 109 
Rubidium (Rb) 0.395 117 121 
Selenium (Se) 0.884 99 98 
Silicate (Si) 0.004 129 103 
Silver (Ag) 0.059 120 104 
Sodium (Na) 0.342 116 124 
Specific Conductivity 0.227 114 125 
Strontium (Sr) 0.002 108 137 
Sulfate (S04) 0.161 124 111 
Sulfur (S) 0.275 123 113 
Temperature 0.256 115 125 
Thallium (Tl) 0.024 121 103 
Tin (Sn) 0.350 56 62 
Titanium (Ti) 0.583 121 116 
Total dissolved solids 0.958 118 119 
Total organic carbon 0.819 120 118 
Total phosphate 0.013 80 99 
Total suspended solids 0.032 111 131 
Vanadium (V) 0.726 120 117 
Zinc (Zn) 0.164 114 127 
Zirconium (Zr) 0.139 62 53 
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Table D.65: Summary of significant results comparing water quality parameter concentrations in 
wells with and without detectable tritium . 

.. - • : ·• ... :f>ar~nteters:wftlt,gi-e?,tef•i· > • • -._- '::;. Parameters:with'lower· 
> · • • •¢01u;¢ntratjQns:injv.el~twithf< ---con~entr,tio~~ :i.11 ""ells WJ.tb.ifot 

. . -•-·-•· •·• • • >tritju11r<1etect¢ff ----·• •• -- : :ttitiuijfdete~ted • 
Cambrian 

Ordovician 

Precambrian 
buried Quaternary 

CFIG-CFRN-CIGL 
OSTP-OPDC-CJDN 

CMSH-CMTS-PMHN 

Upper Carbonate 

Cl, Cr, dissolved oxygen, nitrate, 
Si 
Ag, As, Cl, Co, nitrate, Si, total 
dissolved solids, Tl 
S, sulfate 
Cl, nitrate, Tl 

Cl, dissolved oxygen, nitrate 
alkalinity, Ca, Cl, Cr, Mg, nitrate, 
Sb, Si, total dissolved solids 
Cr, dissolved oxygen, nitrate, 
sulfate 
Cl 
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Mn 

B, K, Li, Sr, Ti 

alkalinity, specific conductivity 
alkalinity, B, K, Mg, Mo, Na, N, 
phosphorus, Sr 
Be,Fe,Mn 
B, Mn, Mo, Ti 

Al 

total suspended solids 



Table D.66: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Cambrian wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

. Parametet 
. 

1rval11e 
. LSD· • 1992 1993 ··1994 .• ·. 1995 • . 1996 . 

. · . 
Alkalinity 0.000 9.8 45.8 67.3 74.8 15.6 51.3 
Aluminum (Al) 0.000 8.3 57.0 31.4 17.0 56.1 69.3 
Antimony (Sb) 0.040 17.4 44.3 65.6 56.8 44.9 44.1 
Arsenic (As) 0.000 12.2 32.0 52.5 72.9 35.5 58.0 
Barium (Ba) 0.013 16.0 34.6 58.5 69.5 47.0 52.4 
Beryllium (Be) 0.378 25.8 42.5 54.2 48.3 48.1 54.5 
Bismuth (Bi) 0.354 15.9 

_, - - 21.5 22.9 
Boron (B) 0.000 12.4 29.9 63.0 71.9 42.9 53.1 
Bromide (Br) 0.457 28.5 51.0 53.3 51.0 51.0 51.0 
Cadmium (Cd) 0.005 13.5 59.7 57.6 31.7 33.1 54.7 
Calcium (Ca) 0.000 10.0 37.7 64.4 75.5 19.7 55.9 
Cesium (Cs) 0.075 7.9 - - - 17.5 24.6 
Chloride (Cl) 0.019 15.7 42.5 42.5 40.5 61.7 62.4 
Chromium (Cr) 0.000 12.9 60.0 38.7 81.0 45.0 44.2 
Cobalt (Co). 0.01.1 14.5 36.3 52.9 54.3 36.4 61.7 
Copper (Cu) 0.055 17.3 53.7 52.4 29.6 51.8 57.2 
Dissolved Oxygen 0.000 11.3 78.8 38.4 56.6 57.3 39.7 
Fluoride (F) 0.044 14.6 39.3 37.4 48.9 24.9 28.6 
Iron (Fe) 0.002 13.9 35.0 60.7 74.5 41.6 51.2 
Lead (Pb) 0.001 12.2 72.3 50.3 27.1 43.2 49.7 
Lithium (Li) 0.001 12.6 31.7 68.7 53.4 44.0 54.4 
Magnesium (Mg) 0.000 10.4 49.6 62.5 74.3 15.5 52.3 
Manganese (Mn) 0.000 11.1 23.8 51.4 58.4 53.9 64.5 
Mercury (Hg) 0.284 23.3 26.0 27.3 30.4 - 26.0 
Molybdenum (Mo) 0.535 31.0 48.3 48.6 51.0 58.5 52.5 
Nickel (Ni) 0.009 15.1 64.2 49.4 39.5 58.8 46.7 
Nitrate (NO3) 0.014 15.8 64.7 48.7 43.5 57.7 45.8 
Ortho-phosphate 0.391 15.0 13.4 15.9 - - -
pH 0.000 10.2 66.5 24.9 44.0 50.3 63.0 
Phosphorustotal 0.000 10.0 19.8 57.4 79.8 54.3 55.2 
Potassium (K) 0.000 10.0 21.8 65.6 71.8 41.6 56.8 
Redox/Eh 0.000 9.3 78.3 59.6 20.0 58.4 38.7 
Rubidium (Rb) 0.656 35.0 50.7 52.6 48.0 55.4 50.9 
Selenium (Se) 0.000 10.5 39.0 49.5 70.7 53.4 26.7 
Silicate (Si) 0.041 17.6 33.1 55.0 54.6 59.7 55.7 
Silver (Ag) 0.028 15.7 48.0 46.0 46.2 37.7 61.9 
Sodium (Na) 0.000 9.4 18.0 62.0 77.9 45.8 57.5 
Specific Conductivity 0.000 9.4 33.6 68.9 76.3 21.1 54.5 
Strontium (Sr) 0.000 9.3 21.7 65.0 80.8 37.6 55.7 
Sulfate (SO4) 0.000 12.3 46.4 67.8 63.6 24.6 50.7 
Sulfur(S) 0.001 12.5 48.6 66.8 63.8 24.1 50.2 
Temperature 0.011 14.6 49.6 55.2 48.8 27.8 60.9 
Thallium (Tl) 0.000 8.9 65.7 42.3 30.3 26.1 65.0 
Tin (Sn) 0.616 30.3 24.0 21.9 - - -
Titanium (Ti) 0.071 18.8 52.6 49.0 42.0 64.1 50.7 
Total dissolved solids 0.000 9.9 34.6 66.3 73.0 21.7 52.6 
Total organic carbon 0.010 15.6 63.7 61.5 57.3 38.0 41.4 
Total phosphate 0.224 19.3 38.6 48.6 38.6 33.7 4.4 
Total suspended solids 0.037 18.0 40.5 54.0 71.2 53.8 44.9 
Vanadium (V) 0.002 12.9 42.4 52.6 29.0 55.9 62.3 
Zinc (Zn) 0.000 11.9 75.3 56.0 47.6 31.2 44.4 
Zirconium (Zr) 0.523 23.8 - - - 24.1 21.8 
' Insufficient sample size or no samples collected 
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Table D.67: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Devonian wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05. 

;Parameter 
... .•p-vahle LSD . ...... 1992 . 1993.•.; 

• ... : .... 
Alkalinity 0.089 . 4.4 2.3 6.3 
Aluminum (Al) 0.794 34.5 6.0 5.4 
Antimony (Sb) 0.353 8.5 3.8 5.9 
Arsenic (As) 0.296 7.4 3.5 6.0 
Barium (Ba) 0.794 34.5 6.0 5.4 
Beryllium (Be) 0.495 11.8 5.3 5.8 
Bismuth (Bi) -' - - -
Boron (B) 0.068 4.1 2.0 6.4 
Bromide (Br) 1.000 - 5.0 5.0 
Cadmium (Cd) 0.602 17.9 6.5 5.3 
Calcium (Ca) 0.296 7.4 3.5 6.0 
Cesium (Cs) - - - -
Chloride (Cl) 0.143 6.7 7.5 4.3 
Chromium (Cr) 0.104 6.6 8.3 4.8 
Cobalt (Co) 0.192 5.8 3.0 6.1 
Copper (Cu) 1.000 - 5.5 5.5 
Dissolved Oxygen 0.117 6.9 8.5 4.8 
Fluoride (F) 0.137 6.6 7.5 4.3 
Iron (Fe) 0.433 10.2 4.0 5.9 
Lead (Pb) 0.117 6.9 8.5 4.8 
Lithium (Li) 0.192 5.8 3.0 6.1 
Magnesium (Mg) 0.117 4.8 2.5 6.3 
Manganese (Mn) 0.602 17.9 6.5 5.3 
Mercury (Hg) 0.161 5.4 3.0 6.1 
Molybdenum (Mo) 0.617 16.8 5.0 5.6 
Nickel (Ni) 0.239 6.6 3.5 6.0 
Nitrate (NO3) 1.000 - 5.5 5.5 
Ortho-phosphate 0.895 64.4 5.3 5.6 
pH o.600 17.8 6.5 5.3 
Phosphorustotal 0.794 32.2 5.0 5.6 
Potassium (K) 0.117 4.8 2.5 6.3 
Redox/Eh 0.117 6.9 8.5 4.8 
Rubidium (Rb) 1.000 - 5.5 5.5 
Selenium (Se) 0.706 24.3 4.0 4.6 
Silicate (Si) 0.117 4.8 2.5 6.3 
Silver (Ag) 0.352 10.2 6.8 5.2 
Sodium (Na) 0.068 4.1 2.0 6.4 
Specific Conductivity 0.296 7.4 3.5 6.0 
Strontium (Sr) 0.036 3.6 1.5 6.5 
Sulfate (SO4) 1.000 - 5.0 5.0 
Sulfur (S) 1.000 - 5.5 5.5 
Temperature 0.690 20.8 4.8 5.7 
Thallium (Tl) 0.164 5.5 3.0 6.1 
Tin (Sn) - - - -
Titanium (Ti) 0.456 11.0 4.5 5.8 
Total dissolved solids 0.143 4.8 2.5 5.7 
Total organic carbon 0.296 9.6 7.5 5.0 
Total phosphate - - - -
Total suspended solids 0.550 12.6 4.0 5.3 
Vanadium (V) 0.578 14.7 4.5 5.8 
Zinc (Zn) 1.000 - 5.5 5.5 
Zirconium (Zr) - - - -
• Insufficient sample size or no samples collected 
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Table D.68: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Cretaceous wells for different sampling years. The null hypothesis was concentrations 
of individual chemicals did not differ by sampling year. The null hypothesis is generally rejected if 
the p-value is less than 0.05 . 

.. ', Parameter .. p-value .,' Lsn··, 1993 ' ' 
1994 1995 

Alkalinity 0.856 46.0 20.4 18.1 21.3 
Aluminum (Al) 0.559 26.1 18.9 21.4 25.0 
Antimony (Sb) 0.666 28.9 20.4 17.2 23.0 
Arsenic (As) 0.872 51.1 19.6 20.1 22.8 
Barium (Ba) 0.052 10.5 19.4 26.8 10.1 
Beryllium (Be) 0.035 11.5 18.9 18.9 29.9 
Bismuth (Bi) - l - - - -
Boron (B) 0.049 12.4 19.3 16.1 32.8 
Bromide (Br) 0.010 9.8 17.7 24.5 26.5 
Cadmium (Cd) 0.068 12.4 20.3 14.l 29.8 
Calcium (Ca) 0.001 5.6 24.6 8.4 12.3 
Cesium (Cs) - - - - -
Chloride (Cl) 0.035 12.4 17.3 23.0 32.3 
Chromium (Cr) 0.000 8.0 14.7 30.6 34.3 
Cobalt (Co) 0.020 7.7 23.4 13.4 10.5 
Copper (Cu) 0.586 23.0 21.2 17.8 16.3 
Dissolved Oxygen 0.012 7.7 21.8 22.0 3.9 
Fluoride (F) 0.005 7.2 12.7 7.8 24.0 
Iron (Fe) 0.089 10.6 22.5 12.5 18.3 
Lead (Pb) 0.367 19.5 18.4 24.9 20.9 
Lithium (Li) 0.001 8.8 20.2 11.1 36.5 
Magnesium (Mg) 0.001 6.0 24.3 8.8 13.3 
Manganese (Mn) 0.024 8.2 23.2 11.3 15.6 
Mercury (Hg) 0.586 26.4 18.2 17.5 0.3 
Molybdenum (Mo) 0.557 24.0 20.4 17.1 22.8 
Nickel (Ni) 0.140 11.9 22.0 14.2 18.1 
Nitrate (NO3) 0.836 44.2 19.5 20.9 21.4 
Ortho-phosphate - - - - -
pH 0.013 11.2 16.7 24.9 32.6 
Phosphorustotal 0.167 12.0 21.7 19.1 10.3 
Potassium (K) 0.001 8.8 20.0 11.4 37.3 
Redox/Eh 0.640 25.8 21.1 16.9 18.6 
Rubidium (Rb) 0.592 24.2 20.9 17.3 19.8 
Selenium (Se) 0.001 8.6 15.4 31.1 28.9 
Silicate (Si) 0.075 9.9 22.0 19.0 8.3 
Silver (Ag) 0.000 7.2 15.2 28.8 34.5 
Sodium (Na) 0.085 13.3 19.7 15.6 31.0 
Specific Conductivity 0.201 14.2 21.4 13.6 23.0 
Strontium (Sr) 0.011 7.8 23.3 9.5 19.0 
Sulfate (SO4) 0.013 7.8 23.3 9.8 18.5 
Sulfur (S) 0.005 7.3 23.4 8.6 19.5 
Temperature 0.098 10.3 22.6 14.5 13.4 
Thallium (Tl) 0.168 13.1 20.1 23.8 12.0 
Tin (Sn) - - - - -
Titanium (Ti) 0.142 12.3 21.7 14.5 19.6 
Total dissolved solids 0.036 9.6 22.4 10.8 22.3 
Total organic carbon 0.005 6.6 23.9 10.4 12.6 
Total phosphate 0.440 15.5 15.3 18.1 11.4 
Total suspended solids 0.388 17.8 21.4 15.1 20.3 
Vanadium (V) 0.017 8.0 23.2 10.6 17.3 
Zinc (Zn) 0.468 20.0 21.3 15.6 20.1 
Zirconium (Zr) - - - - -
' Insufficient sample size or no samples collected 
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Table D.69: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Ordovician wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

> ' ·,• , Parameter • ·•·· f, .· ;: • p-value : LSD ·', .. 1992 1993 .;• ,•··'• 1996 
' 

·," 

Alkalinity 0.014 9.7 36.4 52.4 36.7 
Aluminum (Al) 0.000 6.0 38.4 31.5 67.6 
Antimony (Sb) 0.506 24.9 37.1 43.1 45.1 
Arsenic (As) 0.036 10.9 32.7 48.6 38.8 
Barium (Ba) 0.741 37.5 41.4 46.2 42.8 
Beryllium (Be) 0.475 23.5 38.6 44.2 41.3 
Bismuth (Bi) -' - - - -
Boron (B) 0.001 7.5 43.9 53.0 28.0 
Bromide (Br) 1.000 2.8 43.5 43.5 43.5 
Cadmium (Cd) 0.003 8.4 51.4 44.5 26.6 
Calcium (Ca) 0.242 17.0 39.4 48.8 40.0 
Cesium (Cs) - - - - -
Chloride (Cl) 0.000 7.1 45.1 32.9 62.7 
Chromium (Cr) .0.003 9.1 51.0 32.9 50.8 
Cobalt (Co) 0.001 8.3 29.5 41.5 56.8 
Copper (Cu) 0.548 27.0 48.7 43.0 41.2 
Dissolved Oxygen 0.099 14.1 53.7 40.1 41.3 
Fluoride (F) 0.001 7.6 43.8 28.6 15.6 
Iron (Fe) 0.002 8.2 38.9 53.6 32.0 
Lead (Pb) 0.193 16.1 48.5 42.0 35.0 
Lithium (Li) 0.002 8.2 40.5 53.2 31.0 
Magnesium (Mg) 0.177 16.0 38.7 42.5 52.0 
Manganese (Mn) 0.118 14.1 34.7 47.3 47.5 
Mercury (Hg) 0.290 15.7 30.5 32.1 1.1 
Molybdenum (Mo) 0.689 34.2 46.4 43.0 43.5 
Nickel (Ni) 0.424 22.6 48.7 43.4 40.3 
Nitrate (N03) 0.278 18.7 43.4 41.3 49.4 
Ortho-phosphate 0.001 4.3 17.8 31.4 11.3 
pH 0.000 6.9 47.1 31.9 62.5 
Phosphorustotal 0.001 7.5 28.2 53.2 43.4 
Potassium (K) 0.752 38.6 40.9 45.8 43.9 
Redox/Eh 0.010 10.0 56.4 42.5 34.2 
Rubidium (Rb) 0.124 14.4 47.6 44.2 40.0 
Selenium (Se) 0.023 9.7 31.6 37.7 24.2 
Silicate (Si) 0.000 6.3 24.7 45.5 60.7 
Silver (Ag) 0.000 4.8 37.0 32.1 67.9 
Sodium (Na) 0.004 8.5 37.1 53.5 34.0 
Specific Conductivity 0.543 26.1 40.2 47.1 42.4 
Strontium (Sr) 0.010 9.4 40.5 52.2 32.9 
Sulfate (SO4) 0.026 10.8 49.5 47.8 31.8 
Sulfur (S) 0.058 12.2 48.4 47.6 33.2 
Temperature 0.000 5.5 28.4 38.1 70.0 
Thallium (Tl) 0.135 15.1 39.6 38.9 51.1 
Tin (Sn) - - - - -
Titanium (Ti) 0.839 49.3 45.2 44.6 41.9 
Total dissolved solids 0.026 10.6 32.1 49.7 45.7 
Total organic carbon 0.000 5.6 59.2 48.6 20.5 
Total phosphate 0.707 34.7 20.3 19.0 0.1 
Total suspended solids 0.006 8.8 36.1 53.0 35.8 
Vanadium (V) 0.449 23.7 46.6 40.5 47.6 
Zinc (Zn) 0.003 8.8 55.3 45.4 30.3 
Zirconium (Zr) - - - - -
1 Insuffic1ent sample size or no samples collected 
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Table D.70: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Precambrian wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

.. • Parameter . p-valu~ 
.. 

LSD-•-·• ·1993 . 1994 .. 1995. • . 1996. 
Alkalinity · 0.046 19.1 59.8 51.7 36.4 35.2 
Aluminum (Al) 0.002 11.1 11.7 25.9 43.3 51.7 
Antimony (Sb) 0.230 23.3 54.8 29.2 41.5 38.3 
Arsenic (As) 0.209 25.1 60.2 38.7 38.2 44.6 
Barium (Ba) 0.303 26.6 39.8 53.8 38.0 42.4 
Beryllium (Be) 0.580 33.2 39.9 32.9 40.6 46.7 
Bismuth (Bi) 0.575 28.8 -· - 23.7 23.0 
Boron (B) 0.502 33.1 53.8 44.4 39.5 36.3 
Bromide (Br) 0.481 29.9 39.5 39.5 40.2 43.2 
Cadmium (Cd) 0.091 20.4 51.0 34.9 38.0 53.0 
Calcium (Ca) 0.002 15.5 73.2 53.6 35.5 39.9 
Cesium (Cs) 0.395 18.4 - - 24.4 20.6 
Chloride (Cl) 0.250 25.3 55.3 46.7 39.8 32.2 
Chromium (Cr) 0.036 16.4 19.8 56.6 39.5 41.7 
Cobalt (Co) 0.136 23.1 54.0 46.4 36.5 49.5 
Copper (Cu) 0.231 25.1 59.3 35.4 39.1 43.1 
Dissolved Oxygen 0.116 21.6 43.6 57.4 37.4 40.9 
Fluoride (F) 0.977 82.8 29.5 34.3 34.3 31.3 
Iron (Fe) 0.695 37.6 29.4 44.6 41.0 39.9 
Lead (Pb) 0.660 38.5 36.7 47.3 38.8 45.0 
Lithium (Li) 0.128 22.7 63.5 39.6 38.3 41.8 
Magnesium (Mg) 0.012 17.4 68.4 51.6 37.3 34.6 
Manganese (Mn) 0.839 52.8 45.4 37.4 39.7 44.9 
Mercury (Hg) 0.274 7.5 6.5 8.1 - -
Molybdenum (Mo) 0.196 24.0 59.2 40.0 39.3 38.4 
Nickel (Ni) 0.048 18.4 62.9 32.8 40.4 37.2 
Nitrate (NO3) 0.005 14.8 58.8 48.4 38.8 34.0 
Ortho-phosphate - - - - - -
pH 0.015 12.2 12.1 31.0 44.1 40.0 
Phosphoru5iota1 0.094 21.4 62.6 46.6 38.8 33.9 
Potassium (K) 0.032 18.5 57.0 57.1 37.6 34.1 
Redox/Eh 0.109 20.7 62.4 33.2 40.1 35.1 
Rubidium (Rb) 0.000 11.9 62.2 37.0 39.1 40.6 
Selenium (Se) 0.000 9.8 23.6 65.4 42.4 18.4 
Silicate (Si) 0.355 27.4 55.2 31.9 40.7 39.9 
Silver (Ag) 0.069 16.4 20.5 33.9 41.6 49.6 
Sodium (Na) 0.037 18.8 63.4 50.2 38.7 31.4 
Specific Conductivity 0.005 16.1 58.0 60.0 34.8 41.2 
Strontium (Sr) 0.013 17.6 69.4 49.9 37.4 35.4 
Sulfate (SO4) 0.006 16.5 74.0 46.9 37.6 34.7 
Sulfur (S) 0.003 15.7 74.0 50.8 37.1 33.9 
Temperature 0.000 12.2 72.3 65.5 32.1 43.2 
Thallium (Tl) 0.000 10.9 52.3 49.7 32.9 65.5 
Tin (Sn) 1.000 - - - 23.5 23.5 
Titanium (Ti) 0.200 23.1 56.4 31.1 40.6 40.5 
Total dissolved solids 0.001 15.1 71.6 56.9 35.8 36.5 
Total organic carbon 0.613 35.7 40.6 36.3 39.5 48.8 
Total phosphate 0.185 23.9 55.0 50.6 37.6 36.0 
Total suspended solids 0.102 16.2 19.9 34.5 44.0 37.4 
Vanadium (V) 0.041 18.7 63.6 30.9 38.8 46.3 
Zinc (Zn) 0.138 19.3 30.8 50.8 42.0 29.1 
Zirconium (Zr) 0.815 70.4 - - 23.2 24.3 

• Insufficient sample size or no samples collected 
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Table D.71: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in buried Quaternary wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

•Parameter>. ' plvalue • LSD ·, :,;; ··1,,3· '1994 : .-: 1995 • 1996. :·• 

Alkalinity 0.000 11.l 361.6 288.0 207.1 180.4 
Aluminum {Al) 0.000 8.8 255.5 196.9 266.8 397.9 
Antimony (Sb) 0.000 7.2 328.0 265.9 225.2 221.3 
Arsenic (As) 0.002 4.5 285.9 274.9 241.4 194.9 
Barium (Ba) 0.000 6.7 179.7 283.9 272.6 261.4 
Beryllium (Be) 0.000 9.5 238.3 193.9 293.6 281.3 
Bismuth (Bi) 0.569 49.7 _, - 74.2 73.5 
Boron (B) 0.000 12.7 397.8 247.9 221.0 158.6 
Bromide (Br) 0.201 2:5 249.5 257.0 258.2 249.5 
Cadmium (Cd) 0.000 11.4 366.8 204.4 231.5 303.5 
Calcium (Ca) 0.000 14.9 404.3 293.1 188.3 183.8 
Cesium (Cs) 0.003 9.9 - - 70.3 85.3 
Chloride (Cl) 0.003 4.4 253.2 292.3 234.6 280.4 
Chromium (Cr) 0.000 15.9 118.1 . 379.3 251.5 190.5 
Cobalt (Co) 0.000 9.9 355.2 267.3 206.1 267.3 
Copper (Cu) 0.000 8.5 340.1 237.8 227.4 295.4 
Dissolved Oxygen 0.000 IO.I 245.0 348.6 210.2 254.2 
Fluoride (F) 0.000 4.9 176.1 149.8 207.5 150.4 
Iron (Fe) 0.000 6.6 326.2 259.9 237.4 194.8 
Lead (Pb) 0.002 4.5 285.4 273.3 228.8 283.7 
Lithium (Li) 0.000 12.3 389.4 260.9 216.2 163.2 
Magnesium (Mg) 0.000 12.7 385.2 283.0 201.0 189.3 
Manganese (Mn) 0.000 • 7.8 330.2 265.0 215.5 298.5 
Mercury (Hg) 0.677 260.5 115.8 119.7 - 106.0 
Molybdenum (Mo) 0.000 5.4 306.2 256.9 243.7 216.2 
Nickel (Ni) 0.000 5.5 304.2 238.4 252.5 231.4 
Nitrate (NO3) 0.231 2.4 267.2 263.6 248.0 256.9 
Ortho-phosphate - - - - - -
pH 0.000 13.2 132.9 216.0 315.5 345.9 
Phosphorustotal 0.000 6.7 317.8 277.0 231.2 194.5 
Potassium (K) 0.000 12.4 391.0 260.7 216.7 157.0 
Redox/Eh 0.034 3.4 274.1 224.9 266.2 263.2 
Rubidium (Rb) 0.000 5.6 288.2 264.0 243.0 240.6 
Selenium (Se) 0.000 15.2 185.5 384.9 236.0 102.4 
Silicate (Si) 0.000 9.2 352.2 273.3 213.8 226.8 
Silver (Ag) 0.000 6.4 204.2 270.9 258.0 318.7 
Sodium (Na) 0.000 11.4 378.5 256.3 225.1 152.6 
Specific Conductivity 0.000 15.0 397.6 302.3 182.3 196.6 
Strontium (Sr) 0.000 14.1 409.1 267.0 204.8 162.6 
Sulfate (SO4) 0.000 15.0 409.3 286.9 189.1 187.6 
Sulfur (S) 0.000 14.8 409.2 283.5 189.7 196.4 
Temperature 0.000 12.8 368.0 291.6 184.3 293.7 
Thallium (Tl) 0.000 9.7 285.8 293.1 208.6 340.2 
Tin (Sn) 0.776 99.1 - - 74.6 72.3 
Titanium (Ti) 0.016 3.7 277.1 234.9 259.7 266.9 
Total dissolved solids 0.000 14.6 405.5 284.9 196.0 162.8 
Total organic carbon 0.000 7.6 338.9 241.5 241.3 185.4 
Total phosphate 0.003 4.3 233.2 271.3 235.3 184.9 
Total suspended solids 0.000 5.8 295.6 235.8 268.0 168.9 
Vanadium (V) 0.000 7.2 326.6 215.3 248.1 281.5 
Zinc (Zn) 0.000 8.0 330.2 275.7 213.1 276.3 
Zirconium (Zr) 0.416 34.2 - - 75.5 69.4 
' Insufficient sample size or no samples collected 
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Table D.72: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in surficial Quaternary wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

Parameter •. : > irvalue :• LSD •. : 1993:.·· 1994 1995 ·. ·.• 1996'· ... •• . .. 

Alkalinity' 0.001 4.9 90.9 72.7 56.6 43.2 
Aluminum (Al) 0.000 5.9 55.1 40.1 62.9 92.0 
Antimony (Sb) 0.000 6.0 105.0 65.1 57.8 41.5 
Arsenic (As) 0.535 1.7 65.6 64.9 62.5 51.2 
Barium (Ba) 0.020 3.6 38.4 72.4 65.2 52.1 
Beryllium (Be) 0.000 5.8 48.0 39.6 72.4 68.0 
Bismuth (Bi) 1.000 -· - - 22.0 22.0 
Boron (B) 0.000 5.0 102.9 51.2 60.9 56.8 
Bromide (Br) 1.000 - 61.0 61.0 61.0 61.0 
Cadmium (Cd) 0.006 4.1 74.7 47.8 60.0 77.9 
Calcium (Ca) 0.000 6.5 107.7 75.1 51.3 49.0 
Cesium (Cs) 0.576 24.1 - - 21.3 22.9 
Chloride (Cl) 0.000 6.1 85.5 81.3 45.6 69.5 
Chromium (Cr) 0.000 6.3 33.7 89.5 58.9 45.6-
Cobalt (Co) 0.358 2.1 72.9 63.8 56.3 67.3 
Copper (Cu) 0.000 5.1 93.0 62.1 51.4 74.9 
Dissolved Oxygen 0.000 5.6 81.3 83.8 48.4 60.2 
Fluoride (F) 0.026 3.5 52.6 24.2 35.8 48.1 
Iron (Fe) 0.021 3.6 38.3 61.5 70.0 52.9 
Lead (Pb) 0.086 3.0 76.7 65.0 53.5 68.9 
Lithium (Li) 0.000 5.8 107.3 61.6 58.8 45.9 
Magnesium (Mg) 0.000 6.3 108.4 71.7 53.4 47.0 
Manganese (Mn) 0.329 2.1 55.7 70.3 62.5 52.6 
Mercury (Hg) 1.000 - 21.0 21.0 - -
Molybdenum (Mo) 0.001 4.8 87.7 59.9 60.7 54.1 
Nickel (Ni) 0.016 3.7 82.8 53.6 64.7 53.8 
Nitrate (N03) 0.000 5.4 94.6 66.0 53.5 62.6 
Ortho-phosphate - - - - - -
pH 0.000 5.5 31.7 44.8 71.3 76.0 
Phosphorustotal 0.961 0.6 59.8 60.2 63.8 60.6 
Potassium (K) 0.090 2.9 80.4 67.6 59.8 SO.I 
Redox/Eh 0.000 5.7 108.1 49.2 59.6 60.4 
Rubidium (Rb) 0.083 3.0 72.1 64.6 60.9 56.0 
Selenium (Se) 0.000 7.4 56.7 94.1 56.8 31.4 
Silicate (Si) 0.016 3.7 89.4 66.9 54.5 61.4 
Silver(Ag) 0.175 2.6 46.4 63.8 60.2 71.3 
Sodium (Na) 0.002 4.4 98.8 62.1 56.8 55.9 
Specific Conductivity 0.000 6.8 105.2 78.6 47.4 56.9 
Strontium (Sr) 0.000 6.4 111.1 68.5 55.3 44.6 
Sulfate (S04) 0.000 8.1 111.8 79.5 42.6 65.8 
Sulfur (S) 0.000 8.0 110.8 80.1 42.5 65.8 
Temperature 0.001 4.6 80.4 74.6 49.5 70.5 
Thallium (Tl) 0.001 4.8 72.5 64.2 51.1 82.6 
Tin (Sn) 0.155 9.6 - - 19.5 24.9 
Titanium (Ti) 0.003 4.3 77.8 46.7 66.6 60.8 
Total dissolved solids 0.000 6.8 108.3 76.6 50.8 47.7 
Total organic carbon 0.116 2.8 83.1 58.2 62.8 53.0 
Total phosphate 0.583 1.6 44.6 60.5 61.4 54.0 
Total suspended solids 0.004 4.2 42.5 54.6 73.3 50.5 
Vanadium (V) 0.001 4.6 95.6 48.8 60.9 64.1 
Zinc (Zn) 0.037 3.4 80.8 65.1 53.6 71.5 
Zirconium (Zr) 0.170 9.8 - - 24.3 19.4 
' Insufficient sample size or no samples collected 
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Table D.73: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in CFIG-CFRN-CIGL wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

••. •• . .... ..•• Para111eter .· < .. ,. p-value LS)) ,; ·. 1992 1993 •··1994 1995'' ·1996 . 
Alkalinity 0.021 12.8 15.9 23.0 34.4 7.8 18.8 
Aluminum (Al) 0.000 9.0 18.3 14.3 4.4 27.5 28.5 
Antimony (Sb) 0.052 13.4 21.3 29.2 16.8 16.8 15.3 
Arsenic (As) 0.014 11.7 9.5 18.9 30.0 15.5 23.5 
Barium (Ba) 0.496 21.9 18.0 22.8 26.4 11.0 19.9 
Beryllium (Be) 0.928 44.4 19.1 18.3 21.1 24.0 20.6 
Bismuth (Bi) 0.715 36.2 _, - - 8.5 9.1 
Boron (B) 0.008 11.9 11.8 24.2 34.4 13.8 19.8 
Bromide (Br) 0.000 - 20.5 20.5 20.5 20.5 20.5 
Cadmium (Cd) 0.078 12.9 25.3 23.4 ll.l 7.5 19.7 
Calcium (Ca) 0.024 12.8 12.2 21.4 32.8 12.5 21.9 
Cesium (Cs) 0.815 60.0 - - - 9.8 8.9 
Chloride (Cl) 0.031 13.7 16.7 16.6 12.2 34.0 26.1 
Chromium (Cr) 0.087 15.9 23.0 15.3 31.3 22.8. 17.1 
Cobalt (Co) 0.090 13.0 12.8 22.8 15.4 12.5 24.7 
Copper (Cu) 0.417 20.6 19.7 22.9 12.5 23.5 21.8 
Dissolved Oxygen 0.013 13.1 30.4 13.5 23.3 28.8 16.7 
Fluoride (F) 0.032 11.1 15.9 15.6 24.3 17.0 7.4 
Iron (Fe) 0.038 13.6 15.7 24.2 33.0 10.5 18.3 
Lead (Pb) 0.083 14.5 27.6 21.2 9.6 23.0 18.3 
Lithium (Li) 0.026 12.2 11.6 29.0 21.1 14.8 21.3 
Magnesium (Mg) 0,035 13.6 17.7 21.4 34.8 9.5 18.3 
Manganese (Mn) 0.016 11.2 10.4 20.2 19.6 17.0 27.5 
Mercury (Hg) 94.000 2.6 10.5 10.5 14.9 - -
Molybdenum (Mo) 0.643 27.7 19.7 20.0 21.0 28.3 20.1 
Nickel (Ni) 0.114 15.9 25.3 21.4 16.5 26.8 17.6 
Nitrate (NO3) 0.313 19.8 23.8 19.1 17.0 27.5 19.6 
Ortho-phosphate 0.637 19.3 6.1 5.5 - - -
pH 0.006 10.8 27.3 10.5 12.2 22.0 25.0 
Phosphorustotal 0.003 11.6 8.6 20.8 32.8 24.5 22.9 
Potassium (K) 0.007 11.6 9.4 25.9 30.6 15.5 21.2 
Redox/Eh 0.005 10.9 29.2 23.4 4.8 21.0 18.7 
Rubidium (Rb) 0.924 42.2 21.3 21.1 19.0 19.0 20.3 
Selenium (Se) 0.001 11.2 18.0 19.8 31.3 28.0 11.1 
Silicate (Si) 0.196 17.2 14.8 18.7 17.0 27.5 25.3 
Silver (Ag) 0.217 15.6 22.1 19.4 10.5 16.0 22.9 
Sodium (Na) 0.001 IO.I 7.3 24.2 32.8 14.5 22.9 
Specific Conductivity 0.005 11.2 11.3 23.5 34.0 9.0 21.3 
Strontium (Sr) 0.000 9.9 7.0 24.3 34.8 16.5 22.1 
Sulfate (SO4) 0.060 14.0 16.l · 24.9 30.6 7.5 18.9 
Sulfur (S) 0.097 14.9 17.4 24.4 30.2 8.0 18.4 
Temperature 0.779 29.7 17.4 19.8 22.8 15.5 22.7 
Thallium (Tl) 0.016 10.3 20.5 15.5 11.5 11.5 26.4 
Tin (Sn) 0.589 23.1 - - - 7.3 9.2 
Titanium (Ti) 0.063 15.8 21.3 20.8 16.5 36.0 19.1 
Total dissolved solids 0.023 12.5 11.5 22.4 32.0 12.0 20.2 
Total organic carbon 0.078 14.0 24.1 24.5 24.5 3.0 16.9 
Total phosphate 0.173 14.6 - 13.8 21.9 18.3 12.8 
Total suspended solids 0.074 15.2 16.5 20.8 33.1 19.0 17.1 
Vanadium (V) 0.107 15.1 16.4 24.3 11.0 26.0 23.1 
Zinc (Zn) 0.016 12.2 29.2 24.3 21.8 13.5 13.5 
Zirconium (Zr) 0.066 9.7 - - - 14.5 8.3 
1 Insufficient sample size or no samples collected 
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Table D.74: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in OSTP-OPDC-OSTP wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05 . 

.• _: :_ Parameter \ : p-vahie·· -.'•·• -· LSD • / 19,i 1993 .···1994 ..... • 1996 
Alkalinity 0.025 39.0 39.5 55.4 82.0 39.7 
Aluminum (Al) 0.000 15.8 44.7 25.5 35.0 64.9 
Antimony (Sb) 0.193 50.9 36.9 48.2 73.0 45.5 
Arsenic (As) 0.170 53.3 37.9 48.0 85.0 44.3 
Barium (Ba) 0.265 43.8 38.7 50.6 24.0 47.6 
Beryllium (Be) 0.483 56.6 40.1 45.5 35.5 46.7 
Bismuth (Bi) _, - - - - -
Boron (B) 0.024 38.9 42.6 54.9 82.0 37.1 
Bromide (Br) 0.000 - 45.5 45.5 45.5 45.5 
Cadmium (Cd) 0.399 51.5 49.3 44.8 35.0 38.0 
Calcium (Ca) 0.013 35.1 35.6 56.0 76.0 43.2 
Cesium (Cs) - - - - - -
Chloride (Cl) 0.004 23.9 41.1 37.4 17.0 59.5 
Chromium (Cr) Q.071 45.7 48.1 - 36.2 86.0 47.2-
Cobalt (Co) 0.007 33.5 33.8 42.3 79.0 55.3 
Copper (Cu) 0.476 54.6 50.4 43.1 20.5 44.0 
Dissolved Oxygen 0.022 30.7 57.7 41.5 42.5 37.7 
Fluoride (F) 0.024 21.4 36.0 23.7 35.5 18.9 
Iron (Fe) 0.087 44.8 39.9 53.8 76.0 41.2 
Lead (Pb) 0.021 26.5 53.9 44.2 10.5 34.7 
Lithium (Li) 0.024 39.3 40.2 54.9 84.0 39.4 
Magnesium (Mg) 0.318 63.8 40.6 46.0 83.0 48.6 
Manganese (Mn) 0.070 40.4 35.3 51.2 65.0 48.9 
Mercury (Hg) 0.593 62.6 29.5 31.4 29.5 29.5 
Molybdenum (Mo) 0.007 34.6 47.5 40.0 83.0 48.1 
Nickel (Ni) 0.263 44.7 52.0 42.6 30.0 42.6 
Nitrate (NO3) 0.841 97.4 46.0 43.9 30.5 47.3 
Ortho-phosphate 0.056 7.9 20.4 27.8 
pH 0.000 19.7 52.1 25.9 53.0 59.6 
Phosphorustotal 0.001 26.0 30.1 55.6 57.0 49.8 
Potassium (K) 0.080 46.4 36.9 51.0 84.0 46.8 
Redox/Eh 0.000 20.4 57.2 49.9 13.0 30.2 
Rubidium (Rb) 0.712 80.0 46.7 46.4 42.0 43.5 
Selenium (Se) 0.003 24.2 30.5 39.9 63.0 23.7 
Silicate (Si) 0.000 25.1 28.5 48.3 75.0 58.6 
Silver (Ag) 0.000 16.7 35.5 31.8 64.0 66.1 
Sodium (Na) 0.034 41.0 35.7 52.8 84.0 46.2 
Specific Conductivity 0.108 48.9 37.8 51.1 84.0 45.9 
Strontium (Sr) 0.025 39.4 39.6 55.2 84.0 39.7 
Sulfate (SO4) 0.039 41.5 45.8 52.9 83.0 36.0 
Sulfur (S) 0.055 43.8 44.9 52.7 84.0 37.1 
Temperature 0.000 19.9 33.3 37.8 52.5 65.7 
Thallium (Tl) 0.083 32.S 48.9 36.1 17.0 49.0 
Tin (Sn) - - - - - -
Titanium (Ti) 0.954 157.4 46.1 45.5 35.0 45.2 
Total dissolved solids 0.002 30.8 31.3 55.3 82.0 45.9 
Total organic carbon 0.000 20.6 61.8 47.1 56.5 27.2 
Total phosphate 0.066 18.7 28.7 7.0 20.6 
Total suspended solids 0.020 37.9 42.4 54.2 82.5 36.4 
Vanadium (V) 0.145 37.5 44.3 40.1 21.5 53.3 
Zinc (Zn) 0.001 21.3 57.4 48.7 13.0 31.4 
Zirconium (Zr) - - - - - -
' Insufficient sample size or no samples collected 
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Table D.75: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in CMSH-CMTS-PMHN wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

1i:,:,;:: ' :,p~frameter ',' .. :: ·.:: ·-:: 1·· P'."Yal~~ . . , ,:,'".·':LSD"··. ;· ... •• ... . 1,92 1993;. ·1994 /}996 . : 
Alkalinity 0.002 9.4 23.5 19.8 8.4 17.0 
Aluminum (Al) 0.004 8.1 11.5 5.2 14.8 22.5 
Antimony (Sb) 0.168 14.4 23.5 15.5 11.9 11.1 
Arsenic (As) 0.191 14.2 17.0 17.5 10.5 16.3 
Barium (Ba) 0.232 14.4 14.8 18.0 10.8 15.8 
Beryllium (Be) 0.027 11.2 24.3 10.7 12.0 17.8 
Bismuth (Bi) 0.000 -· - - 9.0 9.0 
Boron (B) 0.022 11.5 24.5 14.7 9.9 19.0 
Bromide (Br) 0.007 8.5 19.5 13.0 13.0 13.0 
Cadmium (Cd) 0.753 26.5 17.0 13.0 12.7 15.3 
Calcium (Ca) 0.004 9.7 23.0 19.8 8.7 16.0 
Cesium (Cs) 0.004 4.6 11.0 11.0 11.0 11.0 
Chloride (Cl) 0.897 34.5 15.0 15.0 15.0 15.0 
Chromium (Cr) 0.083 10.8 14.1 14.1 14.1 14.1 
Cobalt (Co) 0.520 20.5 13.3 13.3 13.3 13.3 
Copper(Cu) 0.202 12.3 20.0 14.5 11.9 14.5 
Dissolved Oxygen 0.848 28.5 12.0 20.3 11.9 9.5 
Fluoride (F) 0.159 15.7 16.0 15.6 9.0 11.0 
Iron (Fe) 0.273 15.9 21.5 16.2 11.8 11.5 
Lead (Pb) 0.677 23.6 16.5 11.7 12.9 16.9 
Lithium (Li) 0.658 23.1 16.3 12.8 12.4 16.9 
Magnesium (Mg) 0.008 10.2 23.0 19.3 9.0 15.8 
Manganese (Mn) 0.973 57.9 15.5 14.1 13.1 12.9 
Mercury (Hg) 0.000 - 4.5 4.5 - -
Molybdenum (Mo) 0.572 18.3 11.5 11.5 14.4 14.4 
Nickel (Ni) 0.452 15.8 11.0 11.0 14.7 14.3 
Nitrate (NO3) 0.547 17.1 11.0 13.2 14.7 11.0 
Ortho-phosphate - - - - - -
pH 0.181 12.9 8.0 14.3 12.0 20.4 
Phosphorustotal 0.161 12.8 12.5 19.3 10.9 14.3 
Potassium (K) 0.035 11.9 24.5 15.8 9.9 17.0 
Redox/Eh 0.011 7.8 17.0 7.4 17.5 6.8 
Rubidium (Rb) 0.583 19.1 12.0 12.0 13.8 15.5 
Selenium (Se) 0.097 10.4 11.5 18.3 13.8 6.3 
Silicate (Si) 0.265 12.0 5.5 15.0 15.1 9.8 
Silver (Ag) 0.222 14.5 17.3 16.3 11.1 15.8 
Sodium (Na) 0.014 10.8 24.5 18.3 9.4 15.0 
Specific Conductivity 0.004 9.8 24.0 19.7 8.8 15.5 
Strontium (Sr) 0.007 10.2 24.0 18.3 8.9 17.3 
Sulfate (SO4) 0.236 15.6 23.0 15.3 11.8 12.0 
Sulfur (S) 0.197 14.9 23.0 15.8 11.7 11.5 
Temperature 0.028 11.3 25.5 17.7 11.0 9.9 
Thallium (Tl) 0.000 8.7 25.5 13.3 9.4 22.1 
Tin (Sn) 0.000 - - - 9.0 9.0 
Titanium (Ti) 0.260 13.2 10.5 10.5 14.2 17.0 
Total dissolved solids 0.006 10.1 24.0 19.0 8.9 16.0 
Total organic carbon 0.590 22.1 20.3 13.3 12.4 14.4 
Total phosphate 0.235 12.7 4.5 16.8 13.0 14.9 
Total suspended solids 0.881 34.1 13.3 13.3 12.8 16.3 
Vanadium (V) 0.029 9.2 8.5 8.5 14.4 20.5 
Zinc (Zn) 0.230 15.5 23.5 14.8 12.0 11.8 
Zirconium (Zr) 0.833 48.2 - - 9.1 8.6 
' Insufficient sample size or no samples collected 
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Table D.76: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Upper Carbonate wells for different sampling years. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling year. The null hypothesis is 
generally rejected if the p-value is less than 0.05 . 

.. .. Parameter ••• ..... . p-value . LSD 1992 .,.- 199~·•········ 1996 
Alkalinity 0.068 12.7 20.0 17.5 26.5 
Aluminum (Al) 0.464 28.8 20.0 17.5 26.5 
Antimony (Sb) 0.611 31.4 15.3 19.1 21.8 
Arsenic (As) 0.093 14.0 10.8 20.2 22.5 
Barium (Ba) 0.990 214.9 18.0 18.6 18.5 
Beryllium (Be) 0.223 15.2 14.6 19.9 12.5 
Bismuth (Bi) -' - - - -
Boron (B) 0.041 11.3 9.5 20.8 19.5 
Bromide (Br) 1.000 - 17.5 17.5 17.5 
Cadmium (Cd) 0.131 13.6 21.4 18.8 4.5 
Calcium (Ca) 0.681 35.3 21.6 17.9 16.5 
Cesium (Cs) - - - - -
Chloride (Cl) 0.003 12.4 26.7 14.6 31.5 
Chromium (Cr) 0.002 10.3 30.0 15.6 18.0 
Cobalt (Co) 0.092 16.3 12.3 19.3 29.5 
Copper (Cu) 0.169 20.6 20.4 17.1 31.0 
Dissolved Oxygen 0.060 13.9 26.9 16.6 14.5 
Fluoride (F) 0.268 18.1 22.5 16.0 12.5 
Iron (Fe) 0.182 13.6 15.4 20.1 7.5 
Lead (Pb) 0.076 16.7 25.1 16.2 26.3 
Lithium (Li) 0.098 11.5 12.8 20.7 9.5 
Magnesium (Mg) 0.042 15.7 13.3 18.7 34.5 
Manganese (Mn) 0.794 47.2 16.9 18.6 22.5 
Mercury (Hg) 0.169 9.9 14.0 17.8 -
Molybdenum (Mo) 0.706 37.9 16.9 18.7 21.8 
Nickel (Ni) 0.854 56.3 17.2 18.6 21.5 
Nitrate (NO3) 0.260 18.9 21.6 17.8 16.5 
Ortho-phosphate 0.040 5.9 9.6 17.3 -
pH 0.516 30.4 17.5 18.2 26.8 
Phosphorustotal 0.147 12.9 13.1 20.5 10.8 
Potassium (K) 0.259 19.4 13.0 19.5 24.0 
Redox/Eh 0.005 10.4 29.9 16.2 10.5 
Rubidium (Rb) 0.732 38.3 19.7 18.3 17.0 
Selenium (Se) 0.163 11.8 14.5 15.9 6.5 
Silicate (Si) 0.009 13.0 10.6 19.3 35.5 
Silver (Ag) 0.000 10.1 20.7 16.7 35.5 
Sodium(Na) 0.023 9.4 9.3 21.2 14.0 
Specific Conductivity Q.605 32.6 15.9 18.8 24.0 
Strontium (Sr) 0.008 10.5 7.7 20.7 26.0 
Sulfate (SO4) 0.754 37.2 19.1 18.1 13.0 
Sulfur (S) 0.786 41.9 19.9 18.5 14.0 
Temperature 0.024 14.5 12.2 18.9 35.0 
Thallium (Tl) 0.161 19.7 15.9 18.2 31.3 
Tin (Sn) - - - - -
Titanium (Ti) 0.826 52.5 18.2 18.3 22.3 
Total dissolved solids 0.342 20.3 13.0 19.1 21.0 
Total organic carbon 0.068 12.3 23.5 18.3 4.0 
Total phosphate 0.814 25.4 3.6 3.3 0.1 
Total suspended solids 0.155 13.0 12.6 19.9 11.5 
Vanadium (V) 0.895 68.3 18.2 18.3 21.8 
Zinc (Zn) 0.170 19.2 24.3 16.6 24.0 
Zirconium (Zr) - - - - -
' Insufficient sample size or no samples collected 
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Table D.77: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Cambrian wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

/ • ; P~rameter. • ·• p-valge r,sn .. · ·• .Jan. M~f,; <June Jµly A.11gusf Sept.•· Oct~, ' ·;Novj·,: 
Alkalinity 0.038 27.7 40.9 62.5 36.0 41.7 74.5 46.4 51.3 46.5 
Aluminum (Al) 0.535 43.7 60.6 40.9 47.8 62.8 45.1 56.0 47.2 65.2 
Antimony (Sb) 0.858 56.0 43.3 52.7 40.9 55.0 60.3 48.8 49.9 52.6 
Arsenic (As) 0.009 24.5 25.8 54.2 52.6 66.4 68.4 56.3 36.2 25.8 
Barium (Ba) 0.205 32.9 43.0 53.2 53.8 47.9 62.9 61.7 41.9 29.6 
Beryllium (Be) 0.991 85.5 47.5 53.9 49.8 44.0 52.9 50.6 51.6 44.9 
Bismuth (Bi) 0.007 12.2 • l 21.5 21.5 21.5 30.3 21.5 21.5 -
Boron (B) 0.001 20.8 16.1 53.4 46.7 52.2 79.2 56.8 49.9 30.9 
Bromide (Br) 0.758 49.6 51.0 51.0 51.0 51.0 51.0 51.0 54.0 51.0 
Cadmium (Cd) 0.002 27.1 78.8 46.5 42.2 68.4 64.2 34.3 47.6 52.8 
Calcium (Ca) o.oi5 25.0 37.5 64.3 41.6 40.3 77.4 50.2 44.4 41.9 
Cesium (Cs) 0.435 21.7 - 22.1 23.8 31.1 21.3 21.9 11.5 -
Chloride (Cl) 0.570 42.8 34.0 54.5 57.7 52.3 54.9 57.0 43.0 37.4 
Chromium (Cr) 0.077 30.9 55.4 68.3 49.3 50.5 38.2 36.3 54.9 55.0 
Cobalt (Co) 0.077 27.8 42.3 59.5 48.8 34.0 70.4 48.8 46.9 42.4 
Copper (Cu) 0.022 27.8 70.5 51.0 65.3 27.0 52.3 39.9 59.4 42.4 
Dissolved Oxygen 0.002 25.4 68.6 54.8 39.7 39.8 25.3 54.3 64.1 65.3 
Fluoride (F) 0.199 28.3 39.2 52.9 30.1 33.1 39.0 25.8 41.8 31.1 
Iron (Fe) 0.229 33.0 51.3 51.3 50.9 47.0 66.5 59.9 43.9 40.5 
Lead (Pb) 0.053 31.8 63.6 48.0 40.1 40.6 44.5 42.7 61.5 68.9 
Lithium (Li) 0.016 24.2 33.0 51.4 52.4 41.9 73.7 56.6 51.8 26.3 
Magnesium (Mg) 0.087 30.6 50.8 59.9 31.8 51.1 70.9 48.l 51.5 48.6 
Manganese (Mn) Q.001 21.0 41.3 59.1 54.2 44.6 76.3 57.8 39.9 25.6 
Mercury (Hg) 0.386 30.7 26.0 28.8 34.8 26.0 26.0 31.3 26.0 26.0 
Molybdenum (Mo) 0.287 34.7 43.5 46.4 60.1 50.9 51.8 49.2 58.4 43.5 
Nickel (Ni) 0.218 34.7 54.6 45.7 52.3 39.5 43.4 50.8 60.9 63.5 
Nitrate (NO3) 0.096 31.8 50.6 52.4 49.8 39.5 39.5 50.0 58.2 64.6 
Ortho-phosphate 0.045 10.9 9.5 24.3 - - - - 12.3 14.0 
pH 0.005 26.4 31.6 48.5 68.1 70.7 36.4 37.2 54.0 60.8 
Phosphorustotal 0.000 16.7 18.5 65.4 63.8 35.6 66.0 64.9 37.6 16.6 
Potassium (K) 0.001 20.9 33.8 54.0 48.7 60.1 78.9 57.9 43.0 24.9 
Redox/Eh 0.001 23.8 49.0 41.0 30.7 54.8 40.7 52.4 74.4 67.8 
Rubidium (Rb) 0.814 51.7 48.0 51.3 54.5 48.0 48.0 53.4 54.1 48.0 
Selenium (Se) 0.215 39.1 39.0 44.5 33.9 25.1 41.7 52.6 54.1 39.0 
Silicate (Si) 0.006 22.2 35.5 60.5 49.6 31.0 61.9 66.3 49.8 23.6 
Silver (Ag) 0.228 35.8 54.5 49.7 55.2 75.3 52.3 40.4 45.7 57.5 
Sodium (Na) 0.000 18.l 18.0 56.9 54.1 54.7 76.5 59.5 46.4 13.3 
Specific Conductivity 0.002 22.4 43.9 64.5 39.8 42.1 77.7 52.2 48.8 23.9 
Strontium (Sr) 0.000 19.0 25.3 62.3 45.5 54.0 80.9 56.7 42.7. 22.1 
Sulfate (SO4) 0.246 36.5 65.0 46.8 37.0 61.4 69.0 50.9 49.6 50.5 
Sulfur (S) 0.188 35.1 63.8 45.9 36.1 62.6 69.2 50.0 49.5 56.0 
Temperature 0.014 26.7 27.0 36.6 63.8 75.6 66.6 45.2 46.2 48.1 
Thallium (Tl) 0.003 24.l 34.6 47.1 ·59.8' 39.9 59.0 30.8 54.3 77.5 
Tin (Sn) 0.026 14.8 - 38.3 20.0 20.8 18.5 18.5 28.8 -
Titanium (Ti) 0.182 33.l 55.5 49.1 57.9 42.0 42.0 53.5 59.4 42.0 
Total dissolved solids 0.009 23.8 36.3 61.6 37.2 42.4 76.9 50.0 46.5 35.9 
Total organic carbon 0.052 30.6 68.9 41.2 40.4 29.9 63.3 54.4 52.3 71.0 
Total phosphate 0.130 18.3 - 39.7 38.5 21.4 38.0 46.2 29.4 -
Total suspended solids 0.004 21.8 46.5 58.0 36.3 35.1 61.9 68.l 41.5 48.8 
Vanadium (V) 0.017 25.1 44.3 46.0 74.0 33.6 54.5 54.9 48.7 34.2 
Zinc (Zn) 0.004 26.2 60.5 37.9 40.1 49.6 48.9 41.7 69.9 76.6 
Zirconium (Zr) 0.252 19.4 - 24.5 17.5 31.6 19.8 24.4 21.7 -
1 Insufficient sample size or no samples co11ected 
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54.3 
44.5 
53.7 
49.8 
50.7 
51.0 

-
20.8 
51.0 
92.5 
39.3 

-
62.8 
62.5 
20.0 
66.8 
85.7 
29.0 
20.7 
85.3 
31.5 
52.3 
14.7 
26.0 
43.5 
56.7 
73.2 
14.8 
83.2 
21.0 
15.7 
75.3 
48.0 
39.0 
27.7 
40.2 
19.0 
43.7 
22.0 
49.7 
49.0 
59.2 
60.0 

-
58.7 
43.0 
63.5 
-

12.0 
47.3 
75.2 

-



Table D.78: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Devonian wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

, : •, ••·• Para10eter •···• 1ryalue .• LSD ·.·••····• Jan; ·• '. May ... , December 
Alkalinity 0.168 6.3 4.0 6.6 2.3 
Aluminum (Al) 0.293 8.1 1.0 6.0 6.0 
Antimony (Sb) 0.240 6.8 2.0 6.5 3.8 
Arsenic (As) 0.331 7.9 3.0 6.4 3.5 
Barium (Ba) 0.680 14.8 3.0 5.7 6.0 
Beryllium (Be) 0.397 12.3 9.0 5.4 4.3 
Bismuth (Bi) -· - - - -
Boron (B) 0.167 6.6 5.0 6.6 2.0 
Bromide (Br) 1.000 - 5.0. 5.0 5.0 
Cadmium (Cd) 0.283 8.2 1.0 5.9 6.5 
Calcium (Ca) 0.452 9.7 4.0 6.3 3.5 
Cesium (Cs) - - - - -
Chloride {Cl) 0.193 9.0 7.0 3.8 7.5 
Chromium (Cr) 0.031 7.6 10.0 4.1 8.3 
Cobalt (Co) 0.407 10.7 7.0 6.0 3.0 
Copper (Cu) 0.869 28.9 7.0 5.3 5.5 
Dissolved Oxygen 0.283 9.9 4.0 4.9 8.5 
Fluoride (F) .0.261 9.5 6.0 4.0 7.5 
Iron (Fe) 0.167 6.1 1.0 6.6 4.0 
Lead (Pb) 0.283 9.9 4.0 4.9 8.5 
Lithium (Li) 0.343 10.5 8.0 5.9 3.0 
Magnesium (Mg) 0.214 6.8 4.0 6.6 2.5 
Manganese (Mn) 0.452 10.4 2.0 5.7 6.5 
Mercury (Hg) 0.185 6.3 3.0 6.6 3.0 
Molybdenum (Mo) 0.807 20.5 5.0 5.7 5.0 
Nickel (Ni) 0.365 • 10.9 8.0 5.7 3.5 
Nitrate (NO3) 1.000 - 5.5 5.5 5.5 
Ortho-phosphate 0.438 9.5 2.0 6.1 5.3 
pH 0.450 10.4 2.0 5.7 6.5 
Phosphorustotal 0.255 7.2 1.0 6.3 5.0 
Potassium (K) 0.292 8.5 6.0 6.3 2.5 
Redox/Eh 0.053 8.4 10.0 4.0 8.5 
Rubidium (Rb) 1.000 - 5.5 5.5 5.5 
Selenium (Se) 0.847 21.6 4.0 4.7 4.0 
Silicate (Si) 0.183 8.9 9.0 5.9 2.5 
Silver (Ag) 0.610 14.4 4.5 5.3 6.8 
Sodium (Na) 0.132 5.9 4.0 6.7 2.0 
Specific Conductivity 0.331 7.9 3.0 6.4 3.5 
Strontium (Sr) 0.098 5.8 5.0 6.7 1.5 
Sulfate (SO4) 0.925 34.7 6.0 4.8 5.0 
Sulfur (S) 0.677 18.4 8.0 5.1 5.5 
Temperature 0.223 6.8 1.0 6.4 4.8 
Thallium (Tl) 0.359 10.0 7.0 6.0 3.0 
Tin (Sn) - - - - -
Titanium (Ti) 0.198 9.4 9.0 5.3 4.5 
Total dissolved solids 0.273 7.1 4.0 6.0 2.5 
Total organic carbon 0.545 13.3 4.0 5.1 7.5 
Total phosphate - - - - -
Total suspended solids 0.547 10.3 3.0 5.7 4.0 
Vanadium (V) 0.405 12.5 9.0 5.3 4.5 
Zinc (Zn) 0.283 7.7 1.0 6.1 5.5 
Zirconium (Zr) - - - - -
' Insufficient sample size or no samples collected 
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Table D.79: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Cretaceous wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

! •••• .. Parameter ,:· :'p~vallle ·, .• ··•·•·LSD ··•<Jan. ':l\:fay i ,.June •·'J)lly •:Augusf' .:- . 
Alkalinity 0.014 12.2 3.0 19.5 17.1 16.1 28.0 
Aluminum (Al) 0.432 22.8 24.0 15.5 22.2 11.8 20.3 
Antimony (Sb) 0.170 18.2 28.0 6.0 19.1 15.7 23.8 
Arsenic (As) 0.724 30.3 11.5 21.0 22.3 18.8 18.6 
Barium (Ba) 0.008 16.5 33.5 37.0 14.3 16.3 24.2 
Beryllium (Be) 0.271 18.8 16.0 16.0 19.3 16.0 23.7 
Bismuth (Bi) -' - - - - - -
Boron (B) 0.017 11.2 1.5 3.5 24.4 21.0 19.2 
Bromide (Br) 0.684 28.6 17.0 17.0 20.4 17.0 21.6 
Cadmium (Cd) 0.407 23.2 27.8 7.5 19.7 18.1 21.8 
Calcium (Ca) 0.081 15.5 9.5 12.0 22.2 29.6 "16.2 
Cesium (Cs) - - - - - - -
Chloride (Cl) 0.036 12.3 16.5 8.5 26.0 11.4 17.8 
Chromium (Cr) 0.161 22.1 34.0 29.5 20.9 -16.1 16.7 
Cobalt (Co) 0.874 38.4 15.0 14.0 20.0 20.0 21.7 
Copper (Cu) 0.351 21.3 23.5 13.5 23.9 17.4 16.4 
Dissolved Oxygen 0.281 22.4 33.5 8.0 20.2 20.2 19.4 
Fluoride (F) 0.012 9.1 2.0 3.5 19.1 12.7 10.5 
Iron (Fe) 0.045 15.3 5.0 18.0 18.1 32.2 20.4 
Lead (Pb) 0.038 14.1 25.5 14.0 22.0 5.8 22.9 
Lithium (Li) 0.010 10.9 6.0 11.5 26.9 19.6 14.6 
Magnesium (Mg) 0.091 15.0 7.5 9.0 22.8 27.2 17.2 
Manganese (Mn) 0.032 14.8 3.5 18.5 18.8 32.6 19.5 
Mercury (Hg) 0.792 31.8 17.5 17.5 18.9 17.5 17.5 
Molybdenum (Mo) 0.109 15.4 14.0 14.0 24.1 21.4 15.9 
Nickel (Ni) 0.035 14.1 12.5 19.3 24.4 24.4 13.9 
Nitrate (NO3) 0.012 14.4 34.3 16.5 22.4 16.5 16.5 
Ortho-phosphate - - - - - - -
pH 0.006 11.8 5.5 28.5 24.4 5.9 20.6 
Phosphorustotal 0.188 17.7 2.5 23.5 19.7 18.0 23.3 
Potassium (K) 0.001 9.1 2.0 3.5 27.4 21.0 15.3 
Redox/Eh 0.176 19.4 33.0 8.0 21.8 14.7 19.6 
Rubidium (Rb) 0.092 16.7 15.0 24.0 23.0 23.2 15.0 
Selenium (Se) 0.142 19.6 20.5 31.0 16.9 14.2 24.5 
Silicate (Si) 0.881 45.8 18.5 27.5 19.1 22.0 19.5 
Silver (Ag) 0.007 16.2 33.3 37.5 19.9 14.0 17.7 
Sodium (Na) 0.013 10.9 2.0 5.0 25.4 20.2 18.0 
Specific Conductivity 0.037 12.7 4.5 6.0 2~.9 24.8 17.5 
Strontium (Sr) 0.014 11.5 1.5 4.5 24.1 25.0 17.9 
Sulfate (SO4) 0.002 10.2 4.5 1.5 25.4 27.0 15.5 
Sulfur (S) 0.001 10.0 4.5 1.5 25.6 27.8 14.9 
Temperature 0.036 12.9 1.5 5.3 21.0 25.6 21.7 
Thallium (Tl) 0.010 11.6 12.0 12.0 16.2 18.5 28.1 
Tin (Sn) - - - - - - -
Titanium (Ti) 0.019 12.5 14.5 14.5 25.1 21.4 14.5 
Total dissolved solids 0.003 10.1 3.0 2.5 25.8 24.4 16.0 
Total organic carbon 0.030 12.2 1.5 10.3 19.1 18.6 26.1 
Total phosphate 0.010 10.7 7.3 24.5 7.9 15.8 19.9 
Total suspended solids 0.250 19.4 11.3 14.5 17.4 27.4 22.7 
Vanadium (V) 0.066 14.9 11.3 16.3 24.3 25.5 14.2 
Zinc (Zn) 0.066 16.2 32.0 4.0 23.4 16.0 17.7 
Zirconium (Zr) - - - - - - -
1 Insufficient sample size or no samples collected 
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Table D.80: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Ordovician wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

Parameter 
.. 

p-v~lue ••··LSD . Jan. ~fay .· June July August •· Sept • ... ()ct~• • Nov. • 
Alkalinity 0.003 27.4 34.7 47.4 18.7 37.4 68.0 52.9 67.1 33.0 
Aluminum (Al) 0.002 18.5 36.8 38.0 59.7 56.3 60.9 16.8 23.8 -· 
Antimony (Sb) 0.104 27.4 38.1 35.2 59.9 48.5 36.2 52.8 60.2 -
Arsenic (As) 0.016 20.5 22.5 53.6 32.7 36.5 57.8 49.0 42.7 -
Barium (Ba) 0.033 30.8 41.1 51.3 53.3 25.2 53.1 60.9 24.5 35.0 
Beryllium (Be) 0.623 37.9 39.3 43.2 54.4 37.6 42.7 40.6 48.0 -
Bismuth (Bi) 0.311 9.4 - - 10.0 10.0 11.7 - - -
Boron (B) 0.070 33.3 48.0 44.1 29.0 30.9 51.8 50.3 69.5 6.0 
Bromide (Br) l.000 - 43.5 43.5 43.5 43.5 43.5 43.5 43.5 43.5 
Cadmium (Cd) 0.000 12.8 54.9 56.9 20.9 36.6 26.8 13.5 16.4 -
Calcium (Ca) 0.098 35.6 47.5 41.6 33.2 36.9 62.6 45.7 68.6 23.0 
Cesium (Cs) 0.061 6.4 - - 15.1 8.5 8.6 - - -
Chloride (Cl) 0.022 31.0 49.8 34.9 58.8 60.9 48.9 20.1 31.7 54.0 
Chromium (Cr) 0.000 15.5 47.1 29.3 63.8 6-1.0 22.3 19.3 40.0 -
Cobalt (Co) 0.000 17.8 29.1 33.0 67.2 43.1 59.9 58.8 70.0 -
Copper (Cu) 0.001 21.9 47.9 57.8 57.8 31.9 34.8 17.0 21.4 17.0 
Dissolved Oxygen 0.007 29.8 59.0 38.5 39.9 50.7 37.8 9.3 39.7 79.0 
Fluoride (F) 0.005 18.6 42.6 27.1 5.5 30.1 24.8 13.3 28.0 -
Iron (Fe) 0.080 33.5 37.2 50.9 34.7 29.9 55.8 61.8 54.0 21.0 
Lead (Pb) 0.110 23.7 54.8 48.1 27.3 34.7 37.6 22.9 38.9 -
Lithium (Li) 0.253 38.4 46.7 50.0 38.0 33.9 50.4 34.0 63.9 10.5 
Magnesium (Mg) 0.015 32.2 35.8 36.2 45.0 42.9 71.9 42.3 65.2 57.0 
Manganese (Mn) 0.000 25.2 31.2 37.6 49.3 34.6 71.9 67.0 71.8 19.0 
Mercury (Hg) 0.596 35.0 30.5 33.8 - 30.5 30.5 30.5 30.5 -
Molybdenum (Mo) 0.773 53.8 37.5 44.2 37.5 47.9 42.9 44.8 37.5 37.5 
Nickel (Ni) 0.023 28.0 50.3 53.7 55.9 34.3 31.2 27.0 34.0 27.0 
Nitrate (NO3) 0.059 34.7 55.1 43.7 50.0 54.4 32.5 32.5 32.5 71.0 
Ortho-phosphate 0.001 16.3 19.2 35.0 - - - - 7.5 26.0 
pH 0.058 29.8 30.5 41.7 56.6 58.1 47.1 27.3 25.4 9.5 
Phosphorustotal 0.003 24.8 29.6 61.5 47.3 39.5 55.2 53.3 33.0 11.5 
Potassium (K) 0.386 42.1 38.3 40.2 45.7 43.8 59.2 37.7 56.8 2.0 
Redox/Eh 0.016 33.6 59.8 35.6 31.3 39.2 28.4 43.8 58.8 86.0 
Rubidium (Rb) 0.474 43.5 46.7 46.7 40.0 40.0 40.0 40.0 40.0 40.0 
Selenium (Se) 0.026 20.7 29.5 30.7 11.2 42.0 30.1 40.0 46.4 -
Silicate (Si) 0.000 22.9 26.2 43.4 44.0 62.1 70.2 56.2 43.8 32.0 
Silver (Ag) 0.000 15.3 35.2 30.0 70.4 60.4 53.6 30.0 46.8 -
Sodium(Na) 0.085 33.5 33.3 48.3 27.8 39.2 56.1 54.8 64.8 9.0 
Specific Conductivity 0.130 35.6 32.2 42.6 35.7 41.5 69.7 44.6 51.1 32.0 
Strontium (Sr) 0.023 29.6 38.5 46.0 23.7 32.9 66.0 50.5 59.6 10.0 
Sulfate (S04) 0.384 42.8 54.2 38.0 32.7 37.9 50.1 38.3 60.2 27.0 
Sulfur (S) 0.437 44.2 53.2 37.7. 31.3 41.4 49.9 38.7 61.0 25.0 
Temperature 0.000 19.3 12.3 33.5 62.2 71.4 66.3 56.8 51.2 15.5 
Thallium (Tl) 0.345 31.7 36.5 39.3 59.5 53.2 39.0 36.1 47.3 -
Tin (Sn) 0.o78 6.4 - - 12.8 11.8 6.5 - - -
Titanium (Ti) 0.117 32.9 51.8 52.6 50.6 38.4 35.0 31.0 31.0 31.0 
Total dissolved solids 0.034 31.7 39.9 43.8 39.3 46.3 68.0 41.0 62.7 21.0 
Total organic carbon 0.002 26.0 58.1 47.5 17.3 24.4 38.2 45.8 41.4 60.0 
Total phosphate 0.428 17.4 - - 20.6 18.4 21.8 23.2 10.6 -
Total suspended solids 0.093 38.9 52.0 44.6 40.3 32.7 57.4 60.6 55.2 68.5 
Vanadium (V) 0.002 25.3 53.8 50.7 73.2 32.4 36.7 19.0 33.3 19.0 
Zinc (Zn) 0.056 32.9 54.5 44.1 32.7 25.9 35.4 53.5 47.4 50.0 
Zirconium (Zr) 0.030 5.3 - - 8.5 13.5 8.5 - - -
' Insufficient sample size or no samples collected 
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Dec. 
37.0 
38.9 
36.5 
33.0 
43.1 
38.9 

-
45.8 
43.5 
53.5 
39.5 

-
43.5 
52.8 
27.5 
51.7 
53.8 
43.7 
39.4 
48.3 
42.5 
37.1 
34.1 
30.5 
47.2 
49.1 
42.6 
17.9 
47.2 
30.0 
43.1 
55.3 
48.3 
31.6 
24.4 
35.8 
39.0 
40.3 
43.0 
49.8 
48.5 
27.4 
37.6 

-
46.5 
32.5 
58.2 

-
34.8 
47.7 
55.2 

-



Table D.81: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Precambrian wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

Parameter ·• •: p-val1,1e ·····Lsn•• April·· •May: June···· July • Aggu,st•: :sept.<· ()ct. 

Alkalinity 0.101 44.2 49.0 39.8 51.6 27.9 36.1 35.0 57.0 
Aluminum (Al) 0.004 31.6 51.0 59.8 27.9 44.0 52.6 33.6 11.0 
Antimony (Sb) 0.451 48.0 11.5 37.3 44.0 49.7 37.9 38.8 11.5 
Arsenic (As) 0.049 31.7 26.0 39.2 51.1 23.8 42.4 37.5 6.0 
Barium (Ba) 0.234 49.4 52.0 41.0 52.0 37.6 34.0 37.0 48.0 
Beryllium (Be) 0.136 44.2 50.5 56.8 40.5 48.4 44.0 29.0 19.5 
Bismuth (Bi) 0.880 54.6 -· 23.0 23.0 - 24.1 23.0 23.0 
Boron (B) 0.800 84.4 60.0 55.7 40.9 34.8 41.9 37.4 46.0 
Bromide (Br) 0.038 36.8 39.5 53.0 39.5 39.5 41.0 39.5 39.5 
Cadmium (Cd) 0.000 26.4 22.5 56.0 53.3 54.2 34.2 26.6 22.5 
Calcium (Ca) 0.016 35.7 43.0 33.7 56.4 36.7 35.9 30.4 62.0 
Cesium (Cs) 0.564 32.0 - 26.3 17.4 - 23.4 25.9 9.5 
Chloride (Cl) 0.691 59.4 12.0 43.7 35.9 43.2 42.2 44.2 20.0 
Chromium (Cr) 0.124 40.5 39.0 52.0 48.4 44.-7 40.6 28.6 11.0 
Cobalt (Co) 0.532 57.4 23.0 47.7 44.4 31.5 44.5 34.4 49.5 
Copper (Cu) 0.895 94.0 65.0 37.7 44.4 38.0 39.4 38.2 38.0 
Dissolved Oxygen 0.454 54.9 48.5 42.8 31.5 38.3 47.0 42.5 32.5 
Fluoride (F) 0.233· 39.5 29.0 36.0 32.7 32.7 42.2 24.8 33.5 
Iron (Fe) 0.381 51.2 54.0 42.7 40.1 25.3 45.1 42.8 23.0 
Lead (Pb) 0.648 69.2 68.0 48.3 43.8 42.2 39.2 36.3 14.0 
Lithium (Li) 0.787 80.4 46.0 59.2 43.6 39.1 37.9 37.8 45.0 
Magnesium (Mg) 0.231 52.3 62.0 38.7 51.0 34.5 34.8 38.0 57.0 
Manganese (Mn) 0.332 51.9 21.0 50.3 46.1 28.4 42.8 35.8 60.0 
Mercury (Hg) 0.703 17.8 6.5 - 7.4 6.5 6.5 9.8 -
Molybdenum (Mo) 0.417 57.3 26.0 42.7 41.0 30.5 43.9 39.4 70.0 
Nickel (Ni) 0.358 59.2 57.0 44.0 37.9 29.9 41.6 44.8 67.0 
Nitrate (NO3) 0.601 58.3 34.0 34.0 41.8 46.7 37.0 42.5 34.0 
Ortho-phosphate - - - - - - - - -
pH 0.492 56.0 32.0 57.3 37.5 28.5 43.7 41.8 36.5 
Phosphorustotal 0.266 44.4 30.0 36.7 46.2 23.0 42.6 41.7 42.0 
Potassium (K) 0.354 58.1 71.0 41.0 47.7 29.0 38.1 39.8 49.0 
Redox/Eh 0.055 37.9 10.0 33.7 35.2 55.7 45.1 30.7 59.0 
Rubidium (Rb) 0.896 84.1 37.0 37.0 42.8 40.7 38.5 41.5 37.0 
Selenium (Se) 0.980 117.8 43.0 29.3 41.1 44.2 40.3 40.2 32.5 
Silicate (Si) 0.860 80.2 38.0 51.7 39.9 42.0 37.1 44.6 21.0 
Silver (Ag) 0.001 35.9 80.0 56.2 46.3 54.7 38.3 23.3 56.5 
Sodium (Na) 0.774 70.3 40.0 50.0 43.5 30.9 42.7 38.4 27.0 
Specific Conductivity 0.147 47.8 51.0 53.7 49.8 31.4 32.9 39.9 56.0 
Strontium (Sr) 0.263 54.4 75.0 28.3 48.1 37.3 40.6 32.8 51.0 
Sulfate (SO4) 0.962 102.6 34.0 44.7 39.6 40.5 43.9 36.8 29.0 
Sulfur (S) 0.961 101.0 33.0 42.7 41.6 40.2 43.3 36.0 29.0 
Temperature 0.011 36.8 63.5 44.3 53.5 28.4 29.9 42.8 54.0 
Thallium (Tl) 0.000 25.1 26.5 69.0 51.9 54.7 33.3 26.5 26.5 
Tin (Sn) 0.060 22.8 - 30.8 26.8 - 17.1 29.2 27.5 
Titanium (Ti) 0.479 57.0 23.0 55.2 38.4 35.2 45.8 36.3 50.0 
Total dissolved solids 0.343 52.9 38.0 48.8 50.0 31.2 36.2 38.9 52.5 
Total organic carbon 0.936 92.0 10.0 43.2 41.2 40.4 40.3 41.2 42.5 
Total phosphate 0.278 42.9 20.0 49.5 47.7 30.2 39.6 36.5 20.0 
Total suspended solids 0.248 46.9 44.5 41.0 35.2 30.9 50.1 37.7 44.5 
Vanadium (V) 0.560 66.6 55.0 49.3 44.6 30.7 41.6 36.4 57.0 
Zinc (Zn) 0.959 106.6 38.0 31.2 42.5 44.5 37.5 41.6 48.0 
Zirconium (Zr) 0.235 23.6 - 27.2 21.4 - 27.5 19.3 6.0 
1 Insufficient sample size or no samples collected 
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Table D.82: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in buried Quaternary wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

.. . 
Parameter 

.. 
.·• p-value LSD April.· • May June Ju.Iy ·Augqst Sept. •·•. Oct.···· 

Alkalinity 0.006 97.3 192.5 303.9 233.6 240.1 251.0 317.0 259.2 
Aluminum (Al) 0.354 151.2 205.0 226.9 248.8 261.9 256.2 289.9 210.4 
Antimony (Sb) 0.000 95.8 460.0 274.9 295.5 236.0 225.4 273.1 289.5 
Arsenic (As) 0.165 129.0 165.8 293.1 246.7 263.8 245.7 279.5 190.8 
Barium (Ba) 0.000 84.6 313.8 329.3 207.6 272.1 255.1 285.2 233.1 
Beryllium (Be) 0.000 73.8 185.0 197.5 273.1 245.7 276.7 216.4 264.1 
Bismuth (Bi) 0.991 162.5 _, 73.5 73.5 73.5 74.3 73.5 73.5 
Boron (B) 0.000 73.9 22.0 243.5 269.0 207.8 277.7 294.2 224.4 
Bromide (Br) 0.027 106.8 249.5 249.5 251.7 249.5 264.4 254.1 249.5 
Cadmium (Cd) 0.000 70.7 262.5 276.2 313.0 241.8 236.3 220.1 197.8 
Calcium (Ca) 0.224 143.2 269.5 277.6 273.0 259.8 238.8 274.7 193.2 
Cesium (Cs) 0.005 29.8 - 63.5 97.1 70.1 70.5 86.5 63.5 
Chloride (CI) 0.055 128.7 396.5 297.1 281.9 236.7 251.0 230.2 252.0 
Chromium (Cr) 0.000 69.5 442.8 315.6 283.3 287.9 217.1 232.4 128.7 · 
Cobalt (Co) 0.283 154.4 289.0 262.7 261.8 277.4 232.2 266.1 252.3 
Copper (Cu) 0.001 87.4 252.0 3163 291.1 243.0 236.8 242.1 216.3 
Dissolved Oxygen 0.002 101.8 463.0 223.8 233.2 304.7 248.0 256.4 255.4 
Fluoride (F) 0.011 37.6 - 141.6 202.3 179.0 203.8 181.1 119.6 
Iron (Fe) 0.102 119.6 117.5 266.7 229.6 274.6 254.6 290.0 233.8 
Lead (Pb) 0.004 90.9 225.3 278.2 286.5 264.3 222.7 276.8 185.8 
Lithium (Li) 0.082 117.1 134.0 290.9 262.9 223.6 263.7 276.1 234.6 
Magnesium (Mg) 0.223 136.3 178.5 278.5 269.5 243.7 250.3 282.6 187.8 
Manganese (Mn) 0.347 157.7 185.0 259.2 252.5 278.7 239.3 268.9 295.3 
Mercury (Hg) 0.212 69.5 106.0 125.1 125.6 118.5 109.8 115.3 106.0 
Molybdenum (Mo) 0.270 147.4 166.0 254.6 268.5 239.8 251.7 278.7 300.0 
Nickel (Ni) 0.133 128.7 190.0 268.2 278.9 239.3 254.7 241.4 283.0 
Nitrate (NO3) 0.001 88.0 350.3 21.0 13.5 260.4 243.9 243.2 239.5 
Ortho-phosphate 0.025 5.7 - 21.0 13.5 - - - -
pH 0.497 161.1 103.8 261.9 256.7 256.4 267.0 235.8 212.2 
Phosphorustotal 0.013 95.5 112.5 309.1 229.6 250.0 268.9 274.8 188.1 
Potassium (K) 0.013 94.9 110.5 296.4 245.4 234.4 270.4 282.8 170.6 
Redox/Eh 0.000 71.5 397.8 152.0 256.3 257.7 280.9 218.6 388.4 
Rubidium (Rb) 0.000 65.2 227.0 305.1 284.0 250.2 236.6 240.4 263.1 
Selenium (Se) 0.023 112.9 265.3 249.8 257.4 260.0 231.7 312.6 306.3 
Silicate (Si) 0.088 125.3 195.0 302.9 240.5 249.4 248.2 297.6 273.9 
Silver (Ag) 0.000 54.5 483.3 343.9 306.7 252.8 210.8 220.6 240.4 
Sodium (Na) 0.005 94.7 210.0 257.2 275.0 205.6 269:2 283.4 271.4 
Specific Conductivity 0.066 128.5 360.5 306.6 260.1 235.5 248.9 285.0 213.0 
Strontium (Sr) 0.004 88.2 132.5 276.8 275.0 217.9 261.6 293.3 180.0 
Sulfate (SO4) 0.012 101.4 251.5 267.4 291.7 222.7 245.9 288.0 228.1 
Sulfur (S) 0.035 111.3 246.0 263.7 290.7 229.7 243.9 284.4 230.4 
Temperature 0.000 77.3 174.5 264.2 278.7 226.8 231.3 335.6 302.6 
Thallium (Tl) 0,075 122.2 261.8 228.8 268.0 247.1 245.0 298.0 259.1 
Tin (Sn) 0.325 55.5 - 110.9 66.5 83.0 70.3 83.1 77.8 
Titanium (Ti) 0.026 106.3 205.5 243.5 286.0 243.9 252.7 241.8 281.2 
Total dissolved solids 0.281 145.9 212.3 278.9 273.1 234.6 253.9 275.6 208.3 
Total organic carbon 0.001 75.9 23.3 181.4 249.9 255.0 272.0 294.0 208.7 
Total phosphate 0.344 140.5 152.5 251.0 233.8 252.0 235.8 262.6 174.4 
Total suspended solids 0.036 101.8 78.3 215.0 234.1 278.3 268.9 269.3 233.8 
Vanadium (V) 0.011 95.6 199.0 277.1 291.4 240.8 257.4 213.4 215.5 
Zinc (Zn) 0.000 77.9 342.0 340.9 271.0 264.5 211.1 268.1 337.3 
Zirconium (Zr) 0.614 58.1 - 55.6 73.1 72.2 77.8 63.6 64.3 
' Insufficient sample size or no samples collected 
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Table D.83: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in surficial Quaternary wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

< • •• • ?P:ara111eter • >j/ ·p-vahie•·•· LSD ;•, April'· l\i~y ·June Jtdy ••• .'•August Sept. 
Alkalinity 0.566 59.3 52.0 71.3 54.0 61.0 63.0 77.3 
Aluminum (Al) 0.127 39.2 41.5 6L8 57.6 51.1 66.6 87.3 
Antimony (Sb) 0.oI8 32.7 81.8 58.9 78.8 50.8 54.1 64.4 
Arsenic (As) 0.033 37.l 80.5 72.5 48.1 58.1 65.4 90.1 
Barium (Ba) 0.001 31.5 100.0 . 92.3 43.7 67.9 61.2 82.2 
Beryllium (Be) 0.743 66.2 38.0 56.3 62.2 64.6 59.4 71.6 
Bismuth (Bi) 1.000 - l - 22.0 22.0 22.0 22.0 22.0 
Boron (B) 0.044 31.4 15.5 37.8 62.7 56.4 67.7 • 81.6 
Bromide (Br) 1.000 - 61.0 61.0 61.0 61.0 61.0 61.0 
Cadmium (Cd) 0.010 27.8 51.8 57.8 80.1 55.8 54.6 48.9 
Calcium (Ca) 0.675 68.4 65.0 74.0 63.7 58.3 58.2 76.6 
Cesium (Cs) 0.002 14.7 - 36.8 26.6 17.0 18.9 33.8 
Chloride (Cl) 0.084 39.4 57.0 68.9 70.2 57.2 53.2 88.4 
Chromium (Cr) 0.001 28.5 72.5 84.6 65.4 -76.4 43.9 70.1 
Cobalt (Co) 0.319 51.9 69.3 80.3 59.0 60.0 57.0 81.5 
Copper (Cu) 0.030 33.9 63.3 69.3 75.5 47.7 57.2 74.1 
Dissolved Oxygen 0.751 67.2 39.5 69.6 64.3 67.2 58.0 55.9 
Fluoride (F) 0.149 30.2 3.0 - 31.5 35.0 43.4 40.6 
Iron (Fe) 0.003 30.0 70.5 79.0 41.7 61.6 69.8 83.9 
Lead (Pb) 0.113 37.4 55.0 54.9 75.9 58.3 52.6 64.9 
Lithium (Li) 0.319 48.3 64.0 61.9 50.4 59.5 67.6 86.6 
Magnesium (Mg) 0.736 70.3 60.5 58.9 60.8 56.7 63.5 79.8 
Manganese (Mn) 0.319 49.0 76.5 72.6 52.7 58.4 69.6 55.4 
Mercury (Hg) 0.073 15.1 16.5 16.5 23.4 29.1 16.5 21.0 
Molybdenum (Mo) 0.359 46.5 51.5 51.5 63.2 56.2 66.2 66.3 
Nickel (Ni) 0.174 42.8 70.5 62.6 67.1 48.8 63.7 72.9 
Nitrate (NO3) 0.003 26.0 44.5 61.5 78.4 61.9 51.3 60.0 
Ortho-phosphate - - - - - - - -
pH 0.376 45.0 17.0 55.0 57.1 68.4 65.1 61.6 
Phosphorustotal 0.007 31.1 40.0 82.4 48.0 59.6 65.2 95.2 
Potassium (K) 0.127 41.2 64.0 61.9 50.4 59.5 67.6 86.6 
Redox/Eh 0.017 26.4 24.5 36.4 76.8 58.8 62.1 45.9 
Rubidium (Rb) 0.088 37.2 56.0 79.4 63.5 58.3 61.4 56.0 
Selenium (Se) 0.076 42.5 91.0 70.9 57.9 62.0 55.4 92.6 
Silicate (Si) 0.013 32.3 41.0 89.8 47.2 61.6 65.3 83.3 
Silver (Ag) 0.001 31.3 106.5 88.4 67.5 56.7 49.9 79.4 
Sodium (Na) 0.077 33.4 33.5 28.3 63.6 63.8 64.6 75.4 
Specific Conductivity 0.399 54.7 73.5 76.6 61.6 51.7 62.9 76.3 
Strontium (Sr) 0.824 79.5 59.5 62.3 61.5 57.7 62.1 78.8 
Sulfate (SO4) 0.039 38.2 99.5 51.5 72.2 51.0 57.6 83.3 
Sulfur (S) 0.063 40.4 99.0 53.6 71.4 51.7 57.5 82.5 
Temperature 0.175 43.7 53.3 75.7 69.2 56.6 54.5 81.5 
Thallium (Tl) 0.160 38.1 36.5 56.0 72.4 63.7 54.3 61.8 
Tin (Sn) 0.012 17.2 - 38.0 31.5 30.8 18.6 14.1 
Titanium (Ti) 0.198 41.l 44.5 51.4 69.1 56.1 60.5 76.5 
Total dissolved solids 0.828 80.8 63.0 67.8 63.4 55.9 61.2 75.0 
Total organic carbon 0.488 50.9 13.8 70.4 59.6 62.4 64.2 62.1 
Total phosphate 0.127 38.4 23.3 69.7 57.1 57.2 56.2 85.7 
Total suspended solids 0.010 31.6 65.3 66.1 43.7 63.4 69.0 88.1 
Vanadium (V) 0.214 44.6 61.3 76.7 68.8 49.0 61.l 68.7 
Zinc (Zn) 0.035 38.7 105.0 77.1 68.6 68.6 49.6 57.0 
Zirconium (Zr) 0.290 25.1 - 37.5 18.2 19.0 21.5 26.5 
' Insufficient sample size or no samples collected 
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Table D.84: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in CFIG-CFRN-CIGL wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

Parameter .• p-vahie ••· .. ·•.•·•LSI)······· Jan~· l\,1.ay ••· ·June·· July ,August' Sept.····• Oct/ • Nov~ .·• 

Alkalinity 0.495 23.2 13.0 18.9 17.0 18.0 26.8 29.2 18.5 16.8 
Aluminum (Al) 0.511 25.0 29.5 19.5 17.6 27.3 17.8 23.0 12.7 23.7 
Antimony (Sb) 0.365 23.2 26.0 17.9 10.2 22.8 27.6 17.6 21.0 28.0 
Arsenic (As) 0.011 14.2 9.5 20.3 20.1 26.6 22.8 31.9 12.4 4.0 
Barium (Ba) 0.616 26.0 20.0 13.5 18.6 24.0 22.3 28.3 19.0 16.7 
Beryllium (Be) 0.921 36.0 21.8 22.5 22.7 14.0 19.0 19.7 17.9 22.3 
Bismuth (Bi) 0.007 9.1 -· 8.5 8.5 8.5 17.0 8.5 8.5 -
Boron (B) 0.064 17.0 6.0 19.8 20.4 21.8 35.0 24.6 17.4 19.3 
Bromide (Br) 1.000 - 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 
Cadmium (Cd) 0.006 17.0 38.5 15.3 11.4 23.9 32.9 14.6 15.5 21.0 
Calcium (Ca) 0.084 16.9 11.5 19.2 17.6 20.3 28.8 31.9 16.3 14.7 
Cesium (Cs) 0.183 11.2 - 5.8 9.8 14.0 4.0 10.3 4.0 -
Chloride (Cl) 0.679 26.8 20.3 20.8 23.8 15.5 24.1 24.7 19.7 8.3 
Chromium (Cr) 0.143 19.9 33.0 22.8 20.3 . 21.4 5.6 16.4 25.6 16.7 
Cobalt (Co) 0.108 18.0 16.5 24.8 23.2 14.0 32.0 19.9 12.8 23.7 
Copper (Cu) 0.119 19.4 32.5 21.5 27.1 12.5 20.8 14.3 24.7 12.5 
Dissolved Oxygen 0.296 22.6 27.5 19.2 15.1 17.9 10.3 21.4 26.9 19.3 
Fluoride (F) 0.079 15.8 11.5 26.5 8.7 7.7 18.6 15.6 18.8 15.8 
Iron (Fe) 0.568 25.0 21.0 19.5 18.8 23.0 21.3 27.1 16.3 24.3 
Lead (Pb) 0.056 19.4 35.5 20.8 10.9 20.0 11.6 16.1 23.8 25.2 
Lithium (Li) 0.137 18.1 15.3 18.9 21.8 18.3 32.3 23.4 23.4 7.5 
Magnesium (Mg) 0.223 20.0 19.5 17.2 12.0 24.5 22.3 31.3 16.9 20.7 
Manganese (Mn) 0.186 18.9 13.0 28.3 23.0 22.8 24.8 24.0 13.1 15.3 
Mercury (Hg) 0.102 15.0 10.5 10.5 21.5 10.5 10.5 14.2 10.5 10.5 
Molybdenum (Mo) 0.533 24.2 17.5 17.5 24.7 22.6 23.1 17.5 23.4 17.5 
Nickel (Ni) 0.031 16.5 27.8 16.5 19.8 16.5 16.5 16.5 28.5 28.8 
Nitrate (NO3) 0.308 21.8 26.5 17.0 20.4 17.0 17.0 20.1 26.1 17.0 
Ortho-phosphate 0.626 11.2 5.5 - - - - - 6.9 5.5 
pH 0.035 17.2 10.8 22.7 28.9 25.5 6.5 12.8 24.5 21.5 
Phosphorustotal 0.013 14.2 6.8 25.8 24.8 18.6 26.0 29.0 17.6 4.5 
Potassium (K) 0.051 16.6 10.0 20.8 20.6 24.8 34.5 25.0 16.3 13.3 
Redox/Eh 0.153 20.4 22.5 13.3 15.9 27.1 17.8 14.9 29.3 21.3 
Rubidium (Rb) 0.467 23.0 19.0 19.0 23.0 19.0 19.0 19.0 24.7 19.0 
Selenium (Se) 0.263 18.1 18.0 13.4 14.1 12.9 15.3 25.4 23.3 18.0 
Silicate (Si) 0.249 19.1 16.0 20.5 24.0 17.0 14.3 29.4 23.0 10.3 
Silver(Ag) 0.469 24.7 24.8 14.8 17.9 27.4 22.3 19.l 16.4 29.7 
Sodium (Na) 0.005 13.9 7.0 21.3 22.8 20.5 35.3 27.9 17.6 5.0 
Specific Conductivity 0.043 16.1 13.8 19.5 17.4 20.0 31.3 30.6 18.1 4.7 
Strontium (Sr) 0.008 14.3 8.5 23.2 21.0 24.5 33.3 27.7 15.7 6.3 
Sulfate (SO4) 0.198 20.2 22.5 17.2 9.8 26.8 29.0 27.0 17.6 19.3 
Sulfur (S) 0.212 20.6 21.0 17.2 9.6 25.5 29.3 26.4 17.1 24.0 
Temperature 0.288 21.7 12.5 18.4 21.1 32.3 28.4 21.4 13.9 16.2 
Thallium (Tl) 0.279 21.6 20.3 24.3 26.8 11.5 18.1 17.8 14.6 24.3 
Tin (Sn) 0.040 10.3 - 15.0 6.5 10.0 10.5 4.0 10.5 -
Titanium (Ti) ,0.123 18.3 27.3 16.5 24.3 16.5 16.5 19.4 27.8 16.5 
Total dissolved solids 0.052 15.8 10.0 17.5 15.8 19.4 30.3 30.9 17.6 12.3 
Total organic carbon • 0.108 20.5 26.3 16.3 19.1 12.0 28.9 21.4 14.1 34.7 
Total phosphate 0.279 13.6 - 16.1 12.4 11.5 9.8 20.7 15.5 -
Total suspended solids 0.262 19.4 13.8 22.6 16.4 16.1 22.6 28.3 17.1 23.2 
Vanadium (V) 0.201 19.4 23.0 17.0 29.6 14.3 24.8 20.3 24.4 11.0 
Zinc (Zn) 0.022 17.6 32.5 14.9 11.4 20.9 10.0 18.0 29.7 29.7 
Zirconium (Zr) 0.324 14.1 - 8.4 5.5 11.5 5.5 11.0 13.5 -
' Insufficient sample size or no samples collected 
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Dec. 
16.0 
14.0 
17.5 
15.8 
20.0 
21.8 

-
4.0 

20.5 
34.5 

8.5 

-
20.5 
24.8 

5.5 
23.5 
33.0 

2.8 
6.5 

36.0 
7.5 

16.0 
6.5 

10.5 
17.5 
16.5 
26.0 

5.5 
32.3 

4.5 
3.0 

31.5 
19.0 

-
11.0 
16.0 
4.0 

14.5 
2.5 
15.0 
15.5 
20.3 
28.3 

-
16.5 
9.5 

29.0 

-
5.0 

11.0 
31.0 

-



Table D.85: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in OSTP-OPDC-CJDN wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally reJected if the p-value is less than 0.05 . 

' .··:, • • :Paraµiet¢r ' <'. ·:.' p-value LSD . ··,,,.Jan.·· • 1\-fay•.'·. June,. ·July • Allgust Sept •·,oct •• N~V; 

Alkalinity 0.002 19.3 42.9 41.9 26.1 32.7 70.2 63.0 49.3 37.3 
Aluminum (Al) 0.000 17.0 41.8 22.4 57.6 73.4 50.4 14.8 40.5 57.9 
Antimony (Sb) 0.683 38.6 36.4 43.6 54.0 52.3 39.8 53.4 40.8 34.7 
Arsenic (As) 0.041 22.9 26.8 41.1 38.6 40.4 65.5 57.1 43.9 38.0 
Barium (Ba) 0.000 16.4 43.1 39.3 58.6 23.8 59.0 74.7 26.9 19.8 
Beryllium (Be) 0.149 25.9 35.5 39.5 55.0 35.5 50.0 50.0 43.5 35.5 
Bismuth (Bi) 0.257 9.9 - I - 13.0 13.0 14.9 - - -
Boron (B) 0.000 16.7 46.6 35.8 42.7 20.5 61.0 62.1 52.7 13.5 
Bromide (Br) 0.000 - 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 
Cadmium (Cd) 0.000 16.6 63.7 59.8 31.8 50.8 33.6 18.7 28.8 34.3 
Calcium (Ca) 0.090 24.8 51.1 43.9 39.0 36.5 66.2 51.7 43.4 27.7 
Cesium (Cs) 0.216 9.1 - - 16.5 11.6 11.0 - - -
Chloride (Cl) 0.014 21.0 45.1 49.4 56.0 66.1 46.6 16.4 30.4 41.1 
Chromium (Cr) 0.007 20.7 36.4 53.2 52.4 61.4 31.2 13.8 44.0 60.2 
Cobalt (Co) 0.001 18.8 33.7 29.1 61.2 42.1 55.1 57.3 59.3 31.2 
Copper (Cu) 0.012 20.5 53.4 54.5 59.8 33.4 38.l 20.5 39.0 37.4 
Dissolved Oxygen 0.001 18.4 58.5 49.9 37.3 51.4 28.6 8.3 54.8 66.4 
Fluoride (F) 0.010 19.4 37.0 24.3 29.8 7.0 19.0 14.0 30.5 20.4 
Iron (Fe) 0.001 18.6 43.4 33.1 43.6 25.2 68.5 70.3 49.0 30.3 
Lead (Pb) 0.037 23.3 52.2 55.7 32.6 34.8 38.0 20.3 52.6 62.5 
Lithium (Li) 0.091 24.5 46.1 42.6 50.6 28.0 55.5 50.0 48.8 21.9 
Magnesium (Mg) 0.015 21.0 39.9 33.3 41.5 36.S 70.7 46.2 56.0 35.8 
Manganese (Mn) 0.000 14.9 37.9 28.1 49.3 25.3 76.6 70.8 53.0 23.6 
Mercury (Hg) 0.118 18.6 29.5 35.5 - - 29.5 29.5 29.5 29.5 
Molybdenum (Mo) 0.524 33.5 40.0 44.3 52.6 44.9 43.6 40.0 44.5 40.0 
Nickel (Ni) 0.040 22.6 51.3 54.2 54.6 35.3 33.3 30.0 44.6 41.6 
Nitrate (NO3) 0.002 19.6 51.7 57.2 46.3 61.8 30.5 30.5 37.0 64.3 
Ortho-phosphate 0.025 11.2 19.6 34.2 - - - - 13.8 22.6 
pH 0.089 24.6 29.6 37.0 54.0 61.9 46.6 23.7 42.8 53.5 
Phosphorustotal 0.000 17.8 35.1 50.8 57.7 35.3 66.2 67.7 30.l 19.8 
Potassium (K) 0.004 19.l 45.l 37.4 47.6 40.0 63.8 50.2 37.6 9.3 
Redox/Eh 0.000 17.5 50.2 62.4 26.5 43.2 20.4 40.1 65.9 61.7 
Rubidium (Rb) 0.362 30.6 48.l 51.3 45.8 42.0 42.0 42.0 42.0 42.0 
Selenium (Se) 0.039 25.8 30.5 39.2 13.7 35.2 35.1 36.4 42.4 30.5 
Silicate (Si) 0.000 15.9 28.7 37.7 47.0 63.3 71.9 62.5 45.8 30.2 
Silver (Ag) 0.000 15.2 36.4 31.6 71.7 68.2 45.4 28.0 40.0 39.6 
Sodium (Na) 0.001 18.5 38.4 32.6 45.6 38.7 65.1 67.3 43.6 12.3 
Specific Conductivity 0.021 21.5 41.6 41.6 42.4 36.1 69.2 56.0 38.1 25.1 
Strontium (Sr) 0.000 15.2 42.9 37.S 35.3 25.l 72.5 64.0 38.3 15.8 
Sulfate (SO4) 0.103 24.9 61.0 42.4 36.2 34.0 51.9 41.2 44.3 27.7 
Sulfur (S) 0.263 28.6 59.4 43.4 33.8 40.1 51.4 40.7 44.4 29.8 
Temperature 0.000 14.7 11.7 34.4 57.8 71.6 66.0 53.6 45.3 38.5 
Thallium (Tl) 0.028 23.5 33.4 31.5 53.6 50.1 43.2 35.4 53.9 73.0 
Tin (Sn) 0.218 9.1 - - 15.9 13.l IO.I - - -
Titanium (Ti) 0.057 23.2 48.9 57.9 53.8 40.l 37.9 35.0 39.6 35.0 
Total dissolved solids 0.025 21.9 45.1 47.l 40.8 40.1 67.5 52.3 42.2 19.8 
Total organic carbon 0.000 15.6 67.6 18.3 26.3 24.5 46.5 55.5 57.9 52.9 
Total phosphate 0.057 17.l - 7.0 22.7 15.8 29.4 29.6 15.5 -
Total suspended solids 0.000 17.9 56.6 27.3 34.7 25.5 64.7 68.6 55.9 51.7 
Vanadium (V) 0.000 16.l 46.5 49.6 75.7 33.1 43.7 21.5 34.0 27.8 
Zinc (Zn) 0.035 23.4 53.6 50.4 31.3 24.7 38.9 49.3 52.8 60.3 
Zirconium (Zr) 0.035 6.4 - - 12.2 17.4 11.0 - - -
• Insufficient sample size or no samples collected 
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Dec.•> 
44.4 
38.4 
41.5 
38.8 
53.9 
43.1 
-

56.7 
45.5 
60.0 
43.2 

-
44.3 
43.8 
28.4 
56.1 
52.7 
40.1 
43.9 
47.9 
51.2 
40.7 
38.9 
29.5 
50.1 
54.9 
41.1 
21.9 
47.5 
39.3 
54.1 
50.7 
50.1 
30.5 
24.7 
33.4 
50.l 
46.7 
57.5 
57.5 
55.1 
26.7 
35.9 

-
51.3 
39.9 
62.9 

-
37.3 
53.4 
55.0 

-



Table D.86: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in CMSH-CMTS-PMHN wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05 . 

• Parameter ... · •.... • p-value LSD .... May ... June July 
•• 

Sept. . Oct . . · . . 

Alkalinity 0.010 10.9 21.8 12.0 9.0 8.8 17.5 
Aluminum (Al) 0.355 15.2 11.7 9.7 3.0 16.1 14.0 
Antimony (Sb) 0.735 25.9 16.3 11.5 11.0 12.0 15.8 
Arsenic (As) 0.262 17.6 16.3 20.7 14.0 11.5 9.8 
Barium (Ba) 0.397 20.1 18.0 15.7 17.0 10.9 12.1 
Beryllium (Be) 0.492 21.6 14.4 9.0 19 .. 0 12.7 16.6 
Bismuth (Bi) 0.000 • l 9.0 9.0 - 9.0 9.0 
Boron (B) 0.134 17.7 16.7 14.0 26.0 9.8 16.3 
Bromide (Br) 0.240 15.8 13.0 13.0 13.0 13.0 16.3 
Cadmium (Cd) 0.199 18.1 14.9 13.3 23.0 10.9 17.0 
Calcium (Ca) 0.005 10.0 22.2 10.3 3.0 9.4 17.8 
Cesium (Cs) 0.184 14.2 14.0 13.0 - 8.3 6.0 
Chloride (Cl) 0.311 19.2 14.0 6.2 24.0 14.2 13.5 
Chromium (Cr) 0.238 17.2 19.3 13.3 17.0 10.7 12.5 
Cobalt (Co) 0.295 15.3 17.8 9.0 3.0 13.1 14.3 
Copper (Cu) 0.940 39.3 14.4 13.0 8.5 13.3 14.5 
Dissolved Oxygen 0.434 16.8 15.4 10.2 1.0 14.4 13.5 
Fluoride (F) 0.113 17.3 17.2 11.0 21.0 8.7 10.9 
Iron (Fe) 0.745 24.4 16.2 11.3 6.0 13.3 13.8 
Lead (Pb) 0.744 24.2 15.0 13.3 3.5 13.7 13.4 
Lithium (Li) 0.982 58.5 14.6 12.3 15.0 12.9 14.3 
Magnesium (Mg) 0.006 9.9 22.0 9.0 2.0 9.9 17.8 
Manganese (Mn) 0.799 26.6 15.6 12.3 5.5 13.2 14.1 
Mercury (Hg) 0.000 - 4.5 4.5 - - 4.5 
Molybdenum (Mo) 0.749 26.2 11.5 15.3 11.5 13.8 14.6 
Nickel (Ni) 0.367 16.9 11.0 15.3 11.0 15.3 11.0 
Nitrate (N03) 0.861 30.6 13.2 11.0 11.0 14.1 14.8 
Ortho-phosphate - - - - - - -
pH 0.068 16.3 13.6 23.0 25.0 10.7 11.9 
Phosphorustotal 0.310 16.6 17.2 18.0 6.0 12.6 9.3 
Potassium (K) 0.304 19.6 16.8 12.3 21.0 10.4 16.8 
Redox/Eh 0.012 9.3 7.4 5.7 6.0 17.7 17.8 
Rubidium (Rb) 0.514 20.2 12.0 16.7 12.0 14.1 12.0 
Selenium (Se) 0.705 24.3 12.7 16.2 5.0 13.2 15.9 
Silicate (Si) 0.114 11.6 17.2 8.0 1.0 15.4 9.5 
Silver (Ag) 0.087 15.0 18.5 13.3 21.0 10.5 13.4 
Sodium (Na) 0.073 16.3 16.5 16.3 25.0 9.1 17.3 
Specific Conductivity 0.015 10.7 21.5 10.3 2.0 10.2 16.8 
Strontium (Sr) 0.090 15.3 18.7 14.7 19.0 9.1 16.8 
Sulfate (SO4) 0.535 23.0 15.1 8.7 20.0 12.3 16.6 
Sulfur (S) 0.620 25.0 15.0 9.3 20.0 12.3 16.3 
Temperature 0.533 21.8 14.2 14.8 11.0 11.3 18.8 
Thallium (Tl) 0.052 14.5 17.8 13.7 21.5 9.5 17.0 
Tin (Sn) 0.188 13.4 15.0 3.0 - 8.3 10.5 
Titanium (Ti) 0.962 45.3 12.8 14.7 10.5 14.0 13.1 
Total dissolved solids 0.018 11.8 21.2 9.7 14.0 9.2 17.8 
Total organic carbon 0.992 66.7 13.8 12.3 10.5 13.9 13.4 
Total phosphate 0.261 15.3 15.2 18.0 4.5 14.2 7.8 
Total suspended solids 0.093 11.4 18.0 6.7 5.0 15.1 9.1 
Vanadium (V) 0.784 25.5 12.4 13.3 8.5 15.1 11.6 
Zinc (Zn) 0.376 17.7 13.3 15.5 1.5 12.6 18.0 
Zirconium (Zr) 0.663 19.4 10.8 6.5 - 9.3 6.5 
' Insufficient sample size or no samples collected 

D-107 



Table D.87: Mean ranks using Kruskal-Wallis test comparing concentrations of individual 
chemicals in Upper Carbonate wells for different sampling months. The null hypothesis was 
concentrations of individual chemicals did not differ by sampling month. The null hypothesis is 
generally rejected if the p-value is less than 0.05. 

·,,/ Para01et¢r ·•· 
·•·· 

• p:;value • .·•'.LS:I>· ... •· Jan11ary· May·· ... ... J11]y•· t\11gtist :s,s~pt •... Oct/ •·.•nee. 

Alkalinity 0.003 17.3 10.3 35.0 44.5 43.8 19.5 18.0 17.5 
Aluminum (Al) 0.013 16.5 6.0 35.6 15.8 36.5 16.5 34.6 14.0 
Antimony (Sb) 0.002 21.5 13.0 29.3 37.0 58.0 57.5 26.6 15.8 
Arsenic (As) 0.004 20.6 12.7 34.5 32.2 44.0 59.5 18.3 9.8 
Barium (Ba) 0.098 25.3 36.7 34.2 13.2 25.5 47.5 30.8 12.1 
Beryllium (Be) 0.031 22.2 53.0 33.1 34.0 22.5 22.5 24.7 16.6 
Bismuth (Bi) 0.083 3.1 -· - 1.5 3.5 - - 9.0 
Boron (B) 0.007 19.4 18.7 33.8 47.5 42.0 27.5 17.2 16.3 
Bromide (Br) 1.000 - 30.0 30.0 30.0 30.0 30.0 30.0 16.3 
Cadmium (Cd) 0.001 12.0 16.0 37.6 14.2 14.5 2.5 36.8 17.0 
Calcium (Ca) 0.364 30.7 14.3 30.3 29.2 35.5 29.5 39.3 17.8 
Cesium (Cs) 0.083 3.1 - - 1.5 3.5 - - 6.0 
Chloride (Cl) 0.001 19.8 34.0 22.4 37.2 38.0 45.5 46.8 13.5 
Chromium (Cr) 0.000 13.7 44.3 23.2 46.5 17.5 17.5 52.0 12.5 
Cobalt (Co) 0.004 21.2 16.0 31.0 38.8 59.5 44.5 21.6 14.3 
Copper (Cu) 0.119 21.8 26.0 · 34.1 18.5 33.8 6.0 35.2 14.5 
Dissolved Oxygen 0.031 20.7 31.7 28.3 32.0 29.5 6.5 45.5 13.5 
Fluoride (F) 0.012 19.7 32.7 24.4 37.3 40.3 2.0 38.6 10.9 
Iron (Fe) 0.077 19.7 22.7 36.2 36.5 14.5 14.5 26.1 13.8 
Lead (Pb) 0.076 20.4 17.0 32.3 21.2 30.3 12.5 41.6 13.4 
Lithium (Li) 0.147 25.2 29.7 33.7 40.2 38.0 10.5 22.5 14.3 
Magnesium (Mg) 0.084 25.3 12.3 32.2 44.5 39.0 39.5 24.0 17.8 
Manganese (Mn) 0.170 32.6 36.3 30.2 28.2 45.0 57.5 27.0 14.1 
Mercury (Hg) 0.364 29.1 25.0 30.9 25.0 25.0 25.0 25.0 4.5 
Molybdenum (Mo) 0.014 22.5 24.0 30.5 44.0 24.0 55.5 28.7 14.6 
Nickel (Ni) 0.228 23.7 25.7 35.1 29.5 16.5 16.5 30.9 11.0 
Nitrate (NO3) 0.252 27.3 27.5 31.0 27.5 27.5 27.5 37.8 14.8 
Ortho-phosphate 0.000 6.6 8.3 30.9 - - - 14.0 -
pH 0.384 33.3 24.7 33.1 30.8 18.0 50.5 30.1 11.9 
Phosphorustotal 0.000 11.0 8.0 40.9 29.8 8.5 19.5 20.6 9.3 
Potassium (K) 0.028 22.7 13.0 31.5 45.8 47.5 32.5 23.3 16.8 
Redox/Eh 0.000 17.2 46.3 23.6 17.5 44.0 46.5 51.2 17.8 
Rubidium (Rb) 0.772 44.1 28.5 31.9 28.5 28.5 28.5 34.0 12.0 
Selenium (Se) 0.005 21.7 20.0 22.5 37.0 20.0 49.5 24.8 15.9 
Silicate (Si) 0.004 22.2 27.3 , 31.1 41.2 53.0 54.5 18.0 9.5 
Silver (Ag) 0.020 21.7 27.5 28.4 38.2 44.5 27.5 34.6 13.4 
Sodium (Na) 0.002 17.3 12.3 34.9 48.5 36.5 30.5 16.3 17.3 
Specific Conductivity 0.007 20.2 9.3 29.8 50.5 48.5 22.5 28.3 16.8 
Strontium (Sr) 0.000 15.9 12.7 34.0 53.8 43.0 35.5 13.3 16.8 
Sulfate (SO4) 0.360 34.6 27.7 27.3 43.5 37.5 36.5 33.1 16.6 
Sulfur (S) 0.237 32.5 30.3 27.1 45.2 39.5 38.5 33.8 16.3 
Temperature 0.000 17.5 6.7 29.8 55.5 51.5 55.5 20.1 18.8 
Thallium (Tl) 0.065 23.3 22.0 30.7 49.8 35.8 13.0 28.8 17.0 
Tin (Sn) 0.083 3.1 - - 3.5 1.5 - - 10.5 
Titanium (Ti) 0.404 32.2 44.0 32.2 31.5 20.5 20.5 31.8 13.1 
Total dissolved solids 0.012 20.0 11.0 31.3 47.8 45.5 20.5 23.7 17.8 
Total organic carbon 0.042 18.4 11.7 34.0 17.5 28.0 18.5 39.6 13.4 
Total phosphate 0.021 4.9 - - 8.5 2.5 8.5 - 7.8 
Total suspended solids 0.046 19.9 30.0 35.0 41.5 21.3 12.5 21.0 9.1 
Vanadium (V) 0.128 23.9 44.7 33.7 29.2 14.0 14.0 31.8 11.6 
Zinc (Zn) 0.013 18.4 2.7 31.5 22.5 30.0 33.5 43.5 18.0 
Zirconium (Zr) 0.083 3.1 - - 3.5 1.5 - - 6.5 
1 Insufficient sample size or no samples collected 
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Table D.88: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the Cambrian aquifer group. 

Parameter 
Alkalinity 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Bromide (Br) 
Cadmium (Cd) 
Calcium (Ca) 
Cesium (Cs) 
Chloride (Cl) 
Chromium (Cr) 
Cobalt(Co) 
Copper (Cu) 
Day 
Depth 
Diameter 
Dissolved Oxygen 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Nitrate (NO3) 
Ortho-phosphate 
pH 
Phosphorustotal 
Potassium (K) • 
Redox/Eh 
Rubidium (Rb) 
Selenium (Se) 
Silicate (Si) 
Silver (Ag) 
Sodium (Na) 
Specific Conductivity 
Strontium (Sr) 
Sulfate (SO4) 
Sulfur (S) 
SWL 
Temperature 
Thallium (Tl) 
Tin (Sn) 
Titanium (Ti) 
Total dissolved solids 
Total organic carbon 
Total phosphate 
Tritium 
Total suspended solids 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 

well Depth (ft) 
R.2 •• p 

0.258 0.009 
-0.097 0.336 
0.065 0.521 

-0.017 0.868 
-0.001 0.989 
0.145 0.151 
0.175 0.257 
0.079 0.432 
0.161 0.107 
0.149 0.139 
0.159 0.111 
0.626 0.000 

-0.145 0.147 
0.075 0.460 

-0.042 0.680 
-0.083 0.408 
-0.249 0.012 

0.149 0.136 
0.007 0.941 
0.283 0.018 
0.114 0.254 
0.160 0.113 
0.009 0.929 
0.294 0.003 

-0.144 0.150 
-0.224 0.104 
-0.100 0.318 
0.032 0.753 

-0.149 0.135 
-0.108 0.590 
0.059 0.559 

-0.107 0.286 
0.119 0.235 
0.013 0.899 
0.056 0.578 
0.003 0.980 

-0.395 0.000 
0.022 0.832 
0.012 0.902 
0.177 0.075 
0.116 0.246 
0.338 0.001 
0.333 0.001 
0.642 0.000 
0.301 0.002 
0.022 0.828 

-0.347 0.021 
-0.032 0.747 
0.191 0.056 
0.056 0.578 

-0.123 0.294 
-0.289 0.026 
-0.002 0.982 
-0.080 0.423 
0.412 0.000 
0.188 0.222 

Static water level (ft) 
R2 .. ·. p 

•• •••• UTM~east ••·· •• , • 
Rl p . 

UTM.;.north •• ; 
R2 .... p .· .. 

0.277 0.005 -0.557 0.000 -0.317 0.001 
-0.097 0.336 0.264 0.008 0.206 0.040 
0.025 0.808 -0.324 0.001 -0.156 0.120 

-0.028 0.782 -0.540 0.000 0.072 0.479 
0.042 0.672 -0.458 0.000 0.035 0.725 

-0.035 0.732 -0.127 0.208 0.103 0.310 
0.305 0.044 -0.299 0.049 -0.223 0.146 

-0.017 0.867 -0.707 0.000 0.034 0.733 
0.144 0.150 -0.103 0.303 -0.032 0.749 
0.172 0.087 0.140 0.165 -0.302 0.002 
0.186 0.061 -0.633 0.000 -0.202 0.042 
0.326 0.031 -0.282 0.064 -0.335 0.026 

-0.048 0.630 -0.037 0.710 0.244 0.013 
0.171 0.089 0.129 0.200 -0.051 0.616 

-0.081 0.423 -0.477 0.000 0.105 0.300 
0.019 0.850 0.200 0.044 0.003 0.979 

-0.423 0.000 -0.414 0.000 0.668 0.000 
0.642 0.000 0.106 0.288 -0.447 0.000 
0.172 0.084 -0.206 0.038 -0.340 0.000 
0.228 0.021 0.484 0.000 -0.102 0.308 
0.310 0.009 -0.095 0.436 -0.154 0.202 

-0.025 0.802 -0.542 0.000 0.024 0.807 
0.305 0.002 0.434 0.000 -0.271 0.006 

-0.010 0.921 -0.564 0.000 -0.049 0.624 
0.319 0.001 -0.452 0.000 -0.335 0.001 

-0.237 0.016 -0.549 0.000 0.366 0.000 
-0.276 0.043 -0.117 0.400 0.149 0.284 
-0.134 0.179 -0.064 0.522 0.110 0.270 
0.084 0.400 0.385 0.000 -0.109 0.274 
0.117 0.242 0.415 0.000 -0.132 0.185 
0.289 0.143 0.397 0.040 -0.396 0.041 

-0.085 0.396 0.351 0.000 0.157 0.115 
-0.143 0.151 -0.639 0.000 0.283 0.004 
0.018 0.860 -0.778 0.000 0.079 0.428 
0.343 0.000 0.439 0.000 -0.337 0.001 
0.064 0.526 0.082 0.411 0.072 0.472 
0.127 0.246 -0.180 0.097 -0.039 0.725 

-0.152 0.127 -0.341 0.000 0.258 0.009 
-0.059 0.562 -0.091 0.369 -0.005 0.962 
-0.050 0.621 -0.815 0.000 0.223 0.024 
0.249 0.011 -0.668 0.000 -0.189 0.058 
0.037 0.712 -0.813 0.000 0.059 0.558 
0.286 0.004 -0.421 0.000 -0.369 0.000 
0.280 0.004 -0.401 0.000 -0.382 0.000 

0.142 0.155 -0.559 0.000 
0.217 0.029 -0.232 0.019 -0.258 0.009 

-0.024 0.816 0.111 0.274 -0.121 0.229 
-0.271 0.075 0.146 0.343 0.377 0.012 
0.024 0.813 0.249 0.012 0.126 0.205 
0.237 0.017 -0.657 0.000 -0.231 0.021 
0.069 0.490 -0.191 0.054 -0.274 0.005 

-0.013 0.914 -0.210 0.070 0.014 0.905 
0.021 0.875 -0.012 0.926 0.067 0.613 

-0.040 0.691 -0.413 0.000 0.087 0.388 
-0.151 0.129 -0.002 0.981 0.140 0.159 
0.454 0.000 0.160 0.108 -0.456 0.000 
0.194 0.206 0.169 0.273 -0.032 0.838 
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Table D.89: Correlation coefficients between chemical parameters and well depth, static water 
level, and U~M coordinates, for the Devonian aquifer group. 

. \VellDepth (ft>, : • • • Static.water]evel(ft) • • · .. 
1e ••••••••• • • •••• •• ••• P . .. : 11t·· .. • • •• ·•P 

·uTM;;east 
.R_2·/ •• p· 

· UTM,.ilorth • ••• 
It'/· .. • P.· .... ·.• ; 

Alkalinity 0.626 0.053 0.116 0.751 -0.900 0.000 0.146 0.688 
Aluminum (Al) 0.188 0.603 0.018 0.960 -0.139 0.701 0.164 0.651 
Antimony (Sb) 0.332 0.348 0.548 0.101 -0.203 0.574 0.308 0.387 
Arsenic (As) 0.612 0.060 0.067 0.855 -0.697 0.025 0.430 0.214 
Barium (Ba) 0.261 0.467 -0.200 0.200 0.139 0.701 0.176 0.627 
Beryllium (Be) -0.108 0.767 -0.380 0.380 0.437 0.206 -0.127 0.727 
Bismuth (Bi) • I 

Boron (B) 0.442 0.200 0.285 0.425 -0.733 0.016 0.067 0.855 
Bromide (Br) 
Cadmium (Cd) 0.127 0.726 0.212 0.556 -0.382 0.276 0.103 0.777 
Calcium (Ca) 0.661 0.038 0.152 0.152 -0.746 0.013 0.067 0.855 
Cesium (Cs) 
Chloride (Cl) -0.483 0.187 -0.183 0.637 0.567 0.112 -0.650 0.058 
Chromium (Cr) -0.432 0.213 -0.062 0.866 0.610 0.061 -0.185 0.609 
Cobalt (Co) 0.139 0.701 0.382 0.276 -0.418 0.229 0.055 0.881 
Copper (Cu) -0.018 0.960 0.588 0.074 0.030 0.934 0.030 0.934 
Day 0.514 0.128 0.050 0.890 -0.765 0.010 -0.075 '0.836 
Depth 0.309 0.385 -0.721 0.019 0.479 0.162 
Diameter -0.058 0.873 -0.406 0.244 -0.174 0.631 -0.290 0.416 
Dissolved Oxygen -0.006 0.987 0.236 0.511 0.249 0.489 0.152 0.676 
Fluoride (F) 0.017 0.965 0.187 0.631 0.017 0.965 0.237 0.539 
Iron (Fe) 0.770 0.009 0.079 0.829 -0.576 0.082 0.503 0.138 
Lead (Pb) -0.406 0.244 0.515 0.128 0.333 0.347 -0.200 0.580 
Lithium (Li) 0.309 0.385 0.200 0.580 -0.539 0.108 -0.067 0.855 
Magnesium (Mg) 0.685 0.029 -0.042 0.907 -0.794 0.006 0.115 0.751 
Manganese (Mn) -0.430 0.214 0.224 0.533 0,018 0.960 -0.285 0.425 
Mercury (Hg) 0.664 0.036 -0.150 0.680 -0.840 0.002 0.475 0.165 
Molybdenum (Mo) 0.406 0.244 0.174 0.631 -0.290 0.416 0.406 0.244 
Nickel (Ni) -0.068 0.851 0.157 0.665 -0.082 0.822 -0.253 0.481 
Nitrate (NO3) 
Ortho-phosphate 0.449 0.193 0.351 0.320 -0.400 0.252 -0.222 0.538 
pH -0.109 0.763 0.061 0.868 0.377 0.283 0.128 0.725 
Phosphorus total 0.285 0.425 0.055 0.881 -0.406 0.244 0.139 0.701 
Potassium (K) 0.370 0.293 0.249 0.489 -0.673 0.033 -0.164 0.651 
Redox/Eh -0.576 0.082 -0.103 0.777 0.442 0.200 -0.527 0.117 
Rubidium (Rb) 
Selenium (Se) 0.412 0.310 0.083 0.846 -0.247 0.555 0.412 0.310 
Silicate (Si) 0.188 0.603 -0.055 0.881 -0.297 0,405 -0.503 0.138 
Silver (Ag) -0.588 0.074 -0.069 0.849 0.510 0.132 -0.164 0.650 
Sodium (Na) 0.297 o.405 0.273 0.446 -0.685 0.029 0.006 0.987 
Specific Conductivity 0.600 0.067 0.285 0.425 -0.867 0.001 0.115 0.751 
Strontium (Sr) 0.418 0.229 0.030 0.934 -0.721 0.019 -0.018 0.960 
Sulfate (SO4) -0.017 0.966 -0.150 0.700 -0.367 0.332 0.217 • 0.576 
Sulfur (S) -0.042 0.907 0.067 0.855 -0.309 0.385 -0.055 0.88\ 
SWL 0.309 0.385 -0.224 0.533 0.103 0.777 
Temperature 0.043 0.906 -0.154 0.670 -0.426 0.220 0.303 0.396 
Thallium (Tl) -0.136 0.708 0.032 0.929 -0.175 0.630 -0.226 0.530 
Tin (Sn) 
Titanium (Ti) -0.320 0.367 0.043 0.906 0.398 0.255 -0.683 0.029 
Total dissolved solids 0.517 0.154 -0.017 0.966 -0.833 0.005 0.133 0.732 
Total organic carbon 0.236 0.511 0.042 0.907 0.055 0.881 0.055 0.881 
Total phosphate 
Tritium -1.000 0.000 -0.500 0.667 0.500 0.667 -0.500 0.667 
Total suspended solids 0.468 0.204 0.077 0.845 -0.536 0.137 0.255 0.507 
Vanadium (V) -0.149 0.682 0.239 0.506 0.058 0.873 -0.265 0.459 
Zinc (Zn) 0.333 0.347 0.018 0.960 -0.382 0.276 -0.164 0.651 
Zirconium (Zr) 
' Insufficient sample size or no samples collected 
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Table D.90: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the Cretaceous aquifer group. 

Para.Dieter 
Alkalinity 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Bromide (Br) 
Cadmium (Cd) 
Calcium (Ca) 
Cesium (Cs) 
Chloride (Cl) 
Chromium·(Cr) 
Cobalt (Co) 
Copper (Cu) 
Day 
Depth 
Diameter 
Dissolved Oxygen 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Nitrate (NO3) 
Ortho-phosphate 
pH 
Phosphorustotal 
Potassium (K) 
Redox/Eh 
Rubidium (Rb) 
Selenium (Se) 
Silicate (Si) 
Silver(Ag) 
Sodium (Na) 
Specific Conductivity 
Strontium (Sr) 
Sulfate (SO4) 
Sulfur (S) 
SWL 
Temperature 
Thallium (Tl) 
Tin (Sn) 
Titanium (Ti) 
Total dissolved solids 
Total organic carbon 
Total phosphate 
Tritium 
Total suspended solids 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 

Well Depth (ft) 
R2 •. ... p 

0.051 0.758 
0.028 0.867 

-0.345 0.031 
0.036 0.828 

-0.203 0.215 
-0.150 0.362 

-' 
0.261 0.109 
0.258 0.113 
0.055 0.738 
0.180 0.273 

-0.074 0.657 
-0.063 0.705 
0.134 0.416 
0.045 0.788 

-0.198 0.227 

0.043 0.794 
-0.180 0.274 
0.054 0.794 
0.426 0.007 
0.141 0.394 
0.387 O.ot5 
0.166 0.312 
0.390 0.014 
0.272 0.114 
0.272 0.094 
0.144 0.382 

-0.433 0.006 
-0.179 0.645 
0.117 0.479 
0.341 0.033 
0.351 0.028 

-0.460 0.003 
0.122 0.460 

-0.185 0.261 
0.049 0.769 

-0.191 0.243 
0.303 0.061 
0.308 0.056 
0.278 0.087 
0.270 0.097 
0.273 0.093 
0.473 0.002 
0.296 0.067 

-0.157 0.340 

0.308 0.057 
0.212 0.194 
0.166 0.313 
0.311 0.094 

-0.866 0.333 
0.427 0.007 
0.236 0.148 
0.212 0.194 

' Insufficient sample size or no samples collected 

Static '1VllterJevel (ft) > •··.. •• UTM'.'east 
R2 • •..... ·••I>•.·••>•···.. ··•·-R2 ... P 

. UTM:north 
R2 p 

0.127 0.440 0.059 0.720 -0.109 0.510 
-0.258 0.113 -0.114 0.489 0.022 0.894 
0.016 0.925 0.210 0.200 0.047 0.776 
0.029 0.862 -0.409 0.010 0.173 0.294 
0.076 0.648 0.675 0.000 0.067 0.687 

-0.182 0.269 0.092 0.579 0.157 0.339 

-0.048 0.770 -0.686 0.000 0.112 0.496 
-0.210 0.201 -0.581 0.000 0.387 0.015 
-0.056 0.735 0.087 0.597 -0.Q45 0.786 
0.279 0.085 0.053 0.750 -0.679 0.000 

-0.230 0.159 -0.690 0.000 0.562 0.000 
-0.266 0.102 -0.294 0.070 0.472 0.002 
0.307 0.057 0.396 0.013 -0.574 0.000 
0.133 0.419 -0.253 0.120 -0.191 0.245 

-0.365 0.023 -0.034 0.839 0.722 0.000 
0.473 0.002 -0.221 0.176 -0.305 0.059 
0.234 0.153 0.143 0.385 -0.555 0.000 
0.294 0.069 0.258 0.113 -0.191 0.244 
0.034 0.868 -0.844 0.000 0.412 0.037 
0.187 0.254 0.267 0.101 -0.482 0.002 
0.126 0.444 -0.054 0.742 -0.033 0.841 
0.312 0.053 -0.511 0.001 -0.124 0.453 
0.281 0.083 -0.001 0.996 -0.608 0.000 
0.309 0.056 0.128 0.439 -0.684 0.000 
0.289 0.092 -0.051 0.771 -0.153 0.381 
0.333 0.039 -0.424 0.007 -0.184 0.261 
0.196 0.231 -0.264 0.104 -0.364 0.023 

-0.171 0.299 -0.058 0.727 0.301 0.062 
0.274 0.476 0.307 0.423 0.026 0.948 

-0.185 0.261 -0.419 0.008 0.490 0.002 
0.141 0.391 -0.185 0.259 -0.254 0.119 
0.030 0.855 -0.749 0.000 -0.023 0.891 

-0.141 0.391 0.250 0.125 -0.217 0.184 
0.102 0.536 -0.266 0.102 -0.238 0.144 

-0.244 0.134 -0.240 0.141 0.660 0.000 
0.545 0.000 0.229 0.161 -0.344 0.032 

-0.393 0.013 -0.089 0.589 0.643 0.000 
-0.003 0.986 -0.748 0.000 0.090 0.587 
0.110 0.507 -0.535 0.000 -0.246 0.131 
0.151 0.358 -0.314 0.052 -0.447 0.004 
0.085 0.606 -0.497 0.001 -0.435 0.006 
0.107 0.515 -0.470 0.003 -0.458 0.003 

0.016 0.922 -0.296 0.067 
0.102 0.536 -0.268 0.099 -0.294 O.o?O 

-0.013 0.939 0.055 0.740 -0.148 0.370 

0.404 0.011 · -0.270 0.097 -0.426 0.007 
0.068 0.679 -0.561 0.000 -0.319 0.047 
0.258 0.112 0.058 0.725 -0.338 0.035 
0.171 0.365 0.052 0.786 -0.099 0.603 

-0.866 0.333 0.866 0.333 0.866 0.333 
0.112 0.497 0.289 0.074 -0.408 0.010 
0.341 0.034 -0.102 0.539 -0.505 0.001 
0.131 0.428 0.141 0.391 -0.283 0.081 
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Table D.91: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the Ordovician aquifer group. 

•. ,, .. ... . 

: Well Deptb:(ft) , • Static watei:Jevel. (ft) .• • •..• : · UTM.:east ...... UTM-no.rth • :: ,.:;;.;? .· •·••• 1i2 ......... ( ••• •• <P ./R2 < < >.p: f • ·.•··.· z 
i p•::• . •• .• ·•R2: 

·••··· ••• .... .. :i • ..,. .. ··R . ....... :p.·.: 

Alkalinity -0.116 0.286 -0.254 0,018 -0.574 0.000 -0.029 0.793 
Aluminum (Al) -0.170 0.124 -0.083 0.456 -0.015 0.891 0.449 0.000 
Antimony (Sb) -0.039 0.725 0.074 0.508 -0.184 0.097 0.081 0.466 
Arsenic (As) -0.174 0.116 -0.380 0.000 -0.385 0.000 -0.115 0.299 
Barium (Ba) -0.151 - -0.279 0.009 -0.115 0.290 0.028 0.801 
Beryllium (Be) -0,075 0.163 0.000 0.999 -0.174 0.116 -0.040 0.717 . 
Bismuth (Bi) -0.339 0.498 -0.120 0.615 -0.259 0.271 0.100 0.677 
Boron (B) 0.210 0.051 0.036 0.741 -0.502 0.000 -0.248 0.021 
Bromide (Br) • l 0.144 - - - - - -
Cadmium (Cd) 0.220 0.047 0.153 0.168 0.435 0.000 -0.549 0.000 
Calcium (Ca) -0.210 - -0.296 0.005 -0.275 0.010 -0.024 0.823 
Cesium (Cs) 0.117 0.510 -0.094 0.693 0.089 0.708 -0.272 0.246 

• Chloride (Cl) -0.364 0.046 -0.181 0.093 0.286 0.007 0.293 0.006 
Chromium (Cr) -0.111 0.001 0.135 0.226 0.284 0.009 0.187 0.090 
Cobalt (Co) -0.073 0.979 -0.116 0.298 -0.458 0.000 0.329 0.002 
Copper (Cu) -0.061 0.575 0.020 0.857 0.291 0.006 -0.152 '0.160 
Day -0.235 0.028 -0.198 0.066 -0.515 0.000 0.543 0.000 
Depth - - 0.689 0.000 0.108 0.318 -0.323 0.002 
Diameter -0.053 0.629 -0.195 0.071 -0.075 0.492 -0.395 0.000 
Dissolved Oxygen -0.101 0.353 0.079 0.469 0.320 0.003 -0.048 0.656 
Fluoride (F) 0.246 0.052 0.252 0.046 0.178 0.163 -0.225 0.076 
Iron (Fe) 0.086 0.427 -0.204 0.059 -0.414 0.000 -0.239 0.026 
Lead (Pb) -0.033 0.770 0.211 0.056 0.404 0.000 -0.039 0.724 
Lithium (Li) 0.087 · 0.421 -0.081 0.459 -0.406 0.000 -0.302 0.005 
Magnesium (Mg) -0.141 0.194 -0.084 0.442 -0.462 0.000 0.310 0.003 
Manganese (Mn) 0.012 0.915 -0.183 0.090 -0.588 0.000 0.134 0.215 
Mercury (Hg) -0.225 0.078 -0.225 0.079 0.220 0.086 -0.132 0.305 
Molybdenum (Mo) -0.150 0.167 -0.164 0.129 -0.213 0.047 0.019 0.864 
Nickel (Ni) 0.143 0.185 0.176 0.104 0.263 0.014 -0.166 0.125 • 
Nitrate (NO3) -0.306 0.004 -0.054 0.618 0.412 0.000 0.137 0.207 
Ortho-phosphate -0.187 0.198 -0.292 0.042 -0.245 0.089 0.001 0.994 
pH -0.093 0.390 -0.005 0.963 0.144 0.184 0.333 0.002 
Phosphorustotal -0.069 0.527 -0.273 0.011 -0.373 0.000 -0.064 0.556 
Potassium (K} 0.032 0.771 -0.029 0.791 -0.425 0.000 -0.049 0.654 
Redox/Eh 0.076 0.484 0.233 0.030 0.421 0.000 -0.137 0.207 
Rubidium (Rb) 0.004 0.974 0.085 0.433 0.253 0,018 -0.216 0.045 
Selenium (Se) -0.056 0.662 -0.093 0.463 -0.242 0.054 -0.187 0.140 
Silicate (Si) -0.399 0.000 -0.397 0.000 -0.546 0.000 0.352 0.001 
Silver (Ag) -0.142 0.200 -0.001 0.995 -0.128 0.248 0.625 0.000 
Sodium (Na) -0.121 0.266 -0.296 0.005 -0.608 0.000 -0.123 0.258 
Specific Conductivity -0.325 0.002 -0.378 0.000 -0.514 0.000 0.017 0.879 
Strontium (Sr) 0.108 0.321 -0.090 0.406 -0.588 0.000 -0.189 0.080 
Sulfate (SO4) 0.134 0.216 0.106 0.330 -0.159 0.142 -0.317 0.003 
Sulfur (S) 0.116 0.283 0.101 0.354 -0.139 0.200 -0.302 0.004 
SWL 0.689 0.000 - - 0.250 0.019 -0.020 0.853 
Temperature -0.228 0.034 -0.158 0.145 -0.354 0.001 0.465 0.000 
Thallium (Tl) -0.221 0.045 0,018 0.871 -0.060 0.588 0.130 0.242 
Tin (Sn) 0.129 0.588 0.358 0.121 0.273 0.245 -0.352 0.128 
Titanium (Ti) 0.045 0.677 0.182 0.092 0.319 0.003 -0.164 0.129 
Total dissolved solids -0.267 0.012 -0.321 0.002 -0.525 0.000 0.058 0.591 
Total organic carbon 0.050 0.644 -0.161 0.161 -0.014 0.897 -0.366 0.000 
Total phosphate 0.091 0.587 -0.046 0.046 -0.196 0.238 -0.012 0.946 
Tritium -0.584 0.000 -0.405 0.405 -0.022 0.886 0.408 0.005 
Total suspended solids 0.063 0.563 -0.126 0.126 -0.408 0.000 -0.061 0.575 
Vanadium (V) 0.084 0.441 0.144 0.144 0.256 0.017 0.022 0.837 
Zinc (Zn) 0.333 0.002 0.450 0.450 0.243 0.023 -0.180 0.095 
Zirconium (Zr) -0.403 0,078 -0.308 0.308 0.403 0,078 0.390 0.089 
• Insufficient sample size or no samples collected 
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Table D.92: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the Precambrian aquifer group. 

. : 
._. ... Well Depth (ft) :· Static waterlevel (ft) · . UTM-east UTM-north 

Parameter R2• ··-•< p : R2._ ·-•••- -P .. R2 p R2 • 'p :. . 
: 

Alkalinity 0.207 0.068 0.301 0.007 -0.631 0.000 -0.300 0.008 
Aluminum (Al) 0.066 0.563 -0.199 0.077 0.366 0.001 0.308 0.005 
Antimony (Sb) 0.023 0.837 -0.035 0.761 0.067 0.555 -0.031 0.786 
Arsenic (As) 0.018 0.877 0.368 0.001 -0.192 0.088 -0.247 0.027 
Barium (Ba) -0.104 0.358 0.148 0.189 -0.295 0.008 -0.085 0.455 
Beryllium (Be) 0.274 0.014 -0.061 0.590 0.078 0.489 0.101 0.374 
Bismuth (Bi) 0.174 0.247 0.062 0.682 0.129 0.392 -0.062 0.683 
Boron (B) 0.408 0.000 0.111 0.328 -0.149 0.186 -0.204 0.069 
Bromide (Br) 0.159 0.159 0.012 0.918 0.075 0.510 -0.085 0.456 
Cadmium (Cd) -0.037 0.746 0.086 0.447 -0.110 0.332 -0.104 0.360 
Calcium (Ca) 0.059 0.602 0.261 0.019 -0.588 0.000 -0.277 0.013 
Cesium (Cs) 0.390 0.007 0.055 0.716 0.023 0.877 0.148 0.327 
Chloride (Cl) 0.253 0.024 -0.084 0.461 -0.210 0.062 0.001 0.992 
Chromium (Cr) 0.025 0.828 0.082 0.469 -0.076 0.503 -0.126 0.267 
Cobalt (Co) 0.042 0.713 0.265 0.018 -0.312 0.005 -0.106 0.348 
Copper (Cu) 0.449 0.000 0.106 0.349 0.002 0.989 -0.019 0.867 
Day -0.179 0.112 -0.159 0.159 0.497 0.000 0.417 0.000 
Depth - - 0.183 0.105 -0.105 0.352 -0.154 0.171 
Diameter 0.234 0.037 0.145 0.199 -0.306 0.006 -0.350 0.001 
Dissolved Oxygen 0.083 0.464 -0.002 0.987 -0.020 0.860 -0.063 0.581 
Fluoride (F) 0.213 0.084 -0.076 0.539 0.017 0.890 0.062 0.617 
Iron (Fe) 0.084 0.460 0.002 0.067 -0.139 0.218 -0.040 0.727 
Lead (Pb) 0.174 0.122 0.045 0.691 -0.051 0.651 -0.049 0.664 
Lithium (Li) 0.214 0.056 -0.306 0.030 -0.251 0.025 -0.091 0.420 
Magnesium (Mg) 0.160 0.156 -0.020 0.005 -0.536 0.000 -0.339 0.002 
Manganese (Mn) 0.003 0.976 0.017 0.051 -0.299 0.007 -0.025 0.829 
Mercury (Hg) 0.123 0.676 0.497 0.680 0.119 0.685 0.274 0.343 
Molybdenum (Mo) 0.142 0.210 0.162 0.152 -0.140 0.216 -0.135 0.234 
Nickel (Ni) 0.125 0.270 0.217 0.053 -0.130 0.250 -0.023 0.842 
Nitrate (N03) 0.095 0.403 -0.103 0.363 -0.125 0.269 -0.128 0.258 
Ortho-phosphate 

_, - - - - - - -
pH 0.066 0.563 -0.042 0.712 0.316 0.005 0.006 0.959 
Phosphorustotal 0.117 0.300 0.491 0.000 -0.465 0.000 -0.332 0.003 
Potassium (K) 0.237 0.034 -0.105 0.001 -0.598 0.000 -0.172 0.128 
Redox/Eh -0.127 0.267 -0.110 0.337 -0.142 0.211 0.156 0.169 
Rubidium (Rb) 0.120 0.287 0.286 0.010 -0.152 0.178 -0.164 0.146 
Selenium (Se) 0.073 0.522 0.034 0.767 -0.102 0.368 -0.111 0.326 
Silicate (Si) 0.020 0.862 -0.029 0.799 -0.080 0.483 -0.087 0.443 
Silver (Ag) -0.032 0.780 -0.097 0.393 0.192 0.088 0.057 0.616 
Sodium (Na) 0.429 0.000 0.171 0.130 -0.341 0.002 -0.260 0.020 
Specific Conductivity 0.169 0.138 0.156 0.170 -0.407 0.000 -0.404 0.000 
Strontium (Sr) 0.254 0.023 0.164 0.147 -0.387 0.000 -0.131 0.247 
Sulfate (S04) 0.120 0.291 -0.040 0.725 -0.247 0.027 -0.040 0.726 
Sulfur (S) 0.103 0.361 -0.028 0.805 -0.280 0.012 -0.048 0.671 
SWL 0.183 0.105 - - -0.384 0.000 -0.374 0.001 
Temperature 0.128 0.261 0.441 0.000 -0.671 0.000 -0.649 0.000 
Thallium (Tl) 0.119 0.295 0.204 0.070 -0.173 0.125 -0.256 0.022 
Tin (Sn) 0.001 0.996 -0.014 0.928 -0.213 0.155 -0.260 0.082 
Titanium (Ti) 0.230 0.040 0.244 0.029 -0.035 0.761 -0.075 0.509 
Total dissolved solids 0.242 0.031 0.242 0.031 -0.667 0.000 -0.338 0.002 
Total organic carbon -0.008 0.943 -0.049 0.666 -0.219 0.051 0.148 0.191 
Total phosphate 0.028 0.807 0.389 0.000 -0.355 0.001 -0.441 0.000 
Tritium -0.062 0.658 0.139 0.322 0.061 0.662 0.332 0,015 
Total suspended solids 0.037 0.747 0.063 0.578 0.110 0.333 0.127 0.261 
Vanadium (V) 0.257 0.021 0.271 0,015 -0.088 0.436 -0.101 0.375 
Zinc (Zn) 0.143 0.205 0.104 0.358 -0.103 0.364 -0.002 0.986 
Zirconium (Zr) 0.142 0.348 -0.083 0.584 -0.026 0.864 0.237 0.113 
' Insufficient sample size or no samples collected 
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Table D.93: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the buried Quaternary aquifer group. 

,: "' 
... · . 

' ; wen Depth :(ft) .• , .. ,; Statk.waterlev'el(ft). '> ' • UTM~east , ... ··· · ... • .·. .. ,,UTM.,.north 
> >, i, Parameter .,.;. ':R2, • p • jt2 i\ : 1

::: I) .. : .. R2( p'' •. '·''"2 R.,,. .. ,, ,p 
Alkalinity 0.274 0.000 0.266 0.000 -0.374 0.000 -0.399 0.000 
Aluminum (Al) 0.070 0.114 -0.037 0.401 0.099 0.025 0.060 0.176 
Antimony (Sb) -0.024 0.587 0.154 0.000 -0.043 0.335 -0.375 0.000 
Arsenic (As) 0.021 0.630 0.044 0.324 -0.168 0.000 -0.130 0.003 
Barium (Ba) -0.020 0.656 -0.059 0.182 0.035 0.431 0.175 0.000 
Beryllium (Be) 0.008 0.849 -0.156 0.000 -0.023 0.600 0.237 0.000 
Bismuth (Bi) 0.109 0.188 -0.110 0.184 -0.140 0.090 0.100 0.231 
Boron (B) 0.489 0.000 0.184 0.000 -0.516 0.000 -0.370 0.000 
Bromide (Br) 0.144 0.001 -0.034 0.443 -0.222 0.000 0.098 0.027 
Cadmium (Cd) 0.170 0.000 0.164 0.000 -0.213 0.000 -0.259 0.000 
Calcium (Ca) 0.130 0.003 0.347 0.000 -0.388 0.000 -0.559 0.000 
Cesium (Cs) 0.080 0.337 0.002 0.980 0.365 0.000 -0.065 0.434 
Chloride (Cl) -0.031 0.482 -0.087 0.050 -0.227 0.000 -0.072 0.105 
Chromium (Cr) -0.165 0.000 -0.056 0.204 -0.078 0.077 0.047 0.289 
Cobalt (Co) 0.103 0.020 0.286 0.000 -0.135 0.002 -0.427 0.000 
Copper (Cu) 0.078 0.076 • 0.127 0.004 -0.147 0.001 -0.221 0.000 
Day -0.168 0.000 -0.276 0.000 0.273 0.000 0.636 0.000 
Depth - - 0.460 0.000 -0.134 0.002 -0.245 0.000 
Diameter 0.213 0.000 0.292 0.000 -0.108 0.014 -0.533 0.000 
Dissolved Oxygen -0.170 0.000 0.112 0.011 0.004 0.921 -0.162 0.000 
Fluoride (F) 0.222 0.000 -0.105 0.042 -0.418 0.000 0.085 0.100 
Iron (Fe) 0.163 0.000 0.138 0.002 -0.235 0.000 -0.184 0.000 
Lead (Pb) -0.032 0.468 0.069 0.120 0.082 0.064 -0.152 0.001 
Lithium (Li) 0.277 0.000 0.199 0.000 -0.557 0.000 -0.354 0.000 
Magnesium (Mg) 0.200 0.000 0.281 0.000 -0.455 0.000 -0.483 0.000 
Manganese (Mn) 0.023 0.608 0.193 0.000 0.023 0.604 -0.335 0.000 
Mercury (Hg) -0.028 0.668 -0.083 0.204 -0.020 0.760 0.286 0.000 
Molybdenum (Mo) 0.200 0.000 0.053 0.232 -0.284 0.000 -0.120 0.007 
Nickel (Ni) 0.061 0.169 -0.012 0.783 -0.202 0.000 -0.114 0.010 
Nitrate (NO3) -0.163 0.000 0.020 0.658 -0.014 0.749 -0.125 0.005 
Ortho-phosphate -0.226 ' 0.214 -0.443 0.011 -0.289 0.109 0.259 0.153 
pH 0.061 0.168 -0.281 0.000 0.248 0.000 0.444 0.000 
Phosphorustotal 0.351 0.000 0.058 0.190 -0.301 0.000 -0.179 0.000 
Potassium (K) 0.332 0.000 0.187 0.000 -0.552 0.000 -0.338 0.000 
Redox/Eh -0.257 0.000 0.006 0.897 0.142 0.001 0.018 0.681 
Rubidium (Rb) 0.009 0.832 0.017 0.699 -0.153 0.001 -0.225 0.000 
Selenium (Se) -0.098 0.027 0.001 0.977 -0.067 0.133 -0.147 0.001 
Silicate (Si) 0.121 0.006 0.167 0.000 -0.346 0.000 -0.370 0.000 
Silver (Ag) -0.103 0.020 -0.051 0.254 0.111 0.012 -0.059 0.182 
Sodium (Na) 0.431 0.000 0.076 0.085 -0.398 0.000 -0.306 0.000 
Specific Conductivity 0.289 0.000 0.288 0.000 -0.430 0.000 -0.564 0.000 
Strontium (Sr) 0.421 0.000 0.221 0.000 -0.496 0.000 -0.466 0.000 
Sulfate (SO4) 0.216 0.000 0.281 0.000 -0.407 0.000 -0.543 0.000 
Sulfur (S) 0.228 0.000 0.280 0.000 -0.392 0.000 -0.547 0.000 
SWL 0.460 0.000 - - -0.559 0.768 -0.504 0.000 
Temperature 0.219 0.000 0.355 0.000 -0.148 0.966 0.ol8 0.000 
Thallium {Tl) 0.Ql8 0.681 0.o78 0.o75 -0.214 0.839 -0.164 0.000 
Tin (Sn) -0.062 0.459 -0.145 0.079 0.148 0.073 -0.205 0.013 
Titanium (Ti) 0.051 0.253 -0.035 0.432 0.009 0.001 -0.311 0.690 
Total dissolved solids 0.308 0.000 0.272 0.000 -0.002 0.000 -0.711 0.000 
Total organic carbon 0.200 0.000 0.055 0.214 -0.122 0.000 -0.035 0.000 
Total phosphate 0.195 0.000 0.010 0.828 -0.122 0.007 -0.035 0.448 
Tritium -0.399 0.003 -0.119 0.395 0.206 0.139 0.228 0.101 
Total suspended solids 0.097 0.028 0.089 0.044 -0.171 0.000 -0.055 0.218 
Vanadium (V) 0.097 0.029 0.070 0.113 -0.247 0.000 -0.132 0.003 
Zinc (Zn) 0.116 0.009 0.203 0.000 -0.011 0.804 -0.350 0.000 
Zirconium (Zr) 0.001 0.989 -0.170 0.040 -0.064 0.443 0.328 0.000 
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Table D.94: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the surficial Quaternary aquifer group. 

. • . ... WellDeptb (ft) Static waterlevel (ft) : lJTM.;.east .. •• •• UTM-north 
Parameter R

2 .·· 
R1 ·.•.·.• 112 R2 ... ;. . p . p : ::, .... •. p ., .. p 

Alkalinity 0.028 0.761 -0.001 0.995 -0.585 0.000 -0.257 0.004 
Aluminum (Al) 0.244 0.007 0.048 0.602 0.358 0.000 0.127 0.162 
Antimony (Sb) -0.171 0.060 -0.159 0.079 -0.398 0.000 -0.311 0.000 
Arsenic (As) 0.122 0.180 -0.073 0.427 -0.015 0.869 -0.178 0.050 
Barium (Ba) -0.043 0.638 0.007 0.941 -0.274 0.002 -0.011 0.906 
Beryllium (Be) 0.102 0.264 -0.068 0.455 0.189 0.037 0.337 0.000 
Bismuth (Bi) -· - - - - - - -
Boron (B) 0.149 0.100 -0.098 0.282 -0.407 0.000 -0.229 0.011 
Bromide (Br) - - - - - - - -
Cadmium (Cd) -0.020 0.825 -0.141 0.122 -0.087 0.342 -0.095 0.300 
Calcium (Ca) -0.010 0.915 0.002 0.985 -0.610 0.000 -0.454 0.000 
Cesium (Cs) 0.441 0.003 0.102 0.513 0.385 0.011 -0.141 0.367 
Chloride (Cl) -0.074 0.415 -0.026 0.779 -0.207 0.022 -0.531 0.000 
Chromium (Cr) -0.158 0.081 -0.095 0.298 -0.067 0.464 0.008 0.933 
Cobalt (Co) 0.154 0.091 0.069 0.449 -0.150 0.100 -0.155 0.088 
Copper (Cu) 0.128 0.157 0.021 0.822 -0.005 0.952 -0.251 0.005 
Day 0.301 0.001 0.246 0.006 0.481 0.000 0.457 0.000 
Depth - - 0.541 0.000 0.288 0.001 0.022 0.812 
Diameter -0.035 0.702 -0.185 0.040 -0.263 0.003 -0.373 0.000 
Dissolved Oxygen -0.100 0.271 0.074 o.415 -0.148 0.102 -0.233 0.009 
Fluoride (F) 0.238 0.041 0.029 0.803 -0.238 0.041 -0.171 0.145 
Iron (Fe) 0.082 0.368 -0.055 0.547 -0.059 0.517 0.197 0.029 
Lead (Pb) 0.158 0.084 0.122 0.183 0.082 0.371 -0.153 0.095 
Lithium (Li) 0.029 0.752 -0.079 0.382 -0.474 0.000 -0.201 0.026 
Magnesium (Mg) 0.052 0.565 -0.053 0.562 -0.652 0.000 -0.417 0.000 
Manganese (Mn) 0.013 0.885 -0.155 0.088 -0.012 0.892 -0.053 0.560 
Mercury (Hg) -0.241 0.130 -0.046 0.773 0.158 0.325 0.238 0.135 
Molybdenum (Mo) 0.081 0.371 -0.042 0.645 -0.258 0.004 -0.112 0.219 
Nickel (Ni) 0.042 0.647 -0.048 0.598 -0.208 0.021 0.017 0.849 
Nitrate (NO3) -0.221 0.014 -0.020 0.827 -0.185 0.041 -0.319 0.000 
Ortho-phosphate -0.841 0.036 0.044 0.934 0.232 0.658 -0.812 0.050 
pH 0.283 0.002 0.153 0.092 0.286 0.001 0.199 0.028 
Phosphorustotal 0.084 0.354 -0.026 0.774 -0.092 0.314 -0.081 0.373 
Potassium (K) 0.151 0.095 -0.023 0.798 -0.432 0.000 -0.100 0.272 
Redox/Eh -0.108 0.234 -0.036 0.692 -0.086 0.347 -0.092 0.314 
Rubidium (Rb) 0.146 0.107 -0.013 0.891 -0.131 0.149 -0.127 0.163 
Selenium (Se) -0.165 0.069 -0.108 0.238 -0.223 0.014 -0.214 0.018 
Silicate (Si) 0.178 0.049 -0.091 0.315 -0.228 0.011 -0.283 0.002 
Silver (Ag) -0.131 0.150 -0.041 0.657 0.020 0.830 -0.134 0.140 
Sodium (Na) 0.118 0.194 -0.102 0.262 -0.227 0.011 -0.270 0.003 
Specific Conductivity 0.057 0.535 -0.009 0.921 -0.486 0.000 -0.541 0.000 
Strontium (Sr) 0.125 0.169 -0.175 0.053 -0.511 0.000 -0.346 0.000 
Sulfate (SO4) -0.038 0.676 -0.026 0.773 -0.263 0.003 -0.586 0.000 
Sulfur (S) -0.048 0.599 -0.029 0.749 -0.273 0.002 -0.593 0.000 
SWL 0.541 0.000 - - 0.145 0.109 -0.005 0.960 
Temperature 0.055 0.549 0.137 0.131 -0.167 0.065 -0.595 0.000 
Thallium (Tl) -0.053 0.565 -0.018 0.841 0.083 0.363 -0.235 0.009 
Tin (Sn) 0.051 0.745 0.055 0.728 0.132 0.397 -0.125 0.423 
Titanium (Ti) 0.141 0.121 -0.044 0.633 -0.063 0.487 0.125 0.167 
Total dissolved solids -0.006 0.949 -0.035 0.698 -0.591 0.000 -0.482 0.000 
Total organic carbon -0.138 0.129 -0.224 0.013 -0.272 0.002 -0.002 0.985 
Total phosphate -0.018 0.846 -0.063 0.497 -0.115 0.219 -0.042 0.651 
Tritium -0.595 0.120 0.071 0.867 -0.452 0.260 0.333 0.420 
Total suspended solids 0.122 0.180 -0.117 0.196 -0.075 o.410 0.202 0.025 
Vanadium (V) 0.066 0.468 -0.044 0.631 -0.228 0.011 -0.111 0.222 
Zinc (Zn) 0.159 0.080 0.054 0.554 -0.112 0.219 -0.305 0.001 
Zirconium (Zr) -0.032 0.839 -0.417 0.005 0.085 0.587 0.296 0.054 
' Insufficient sample size or no samples collected 
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Table D.95: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the CFIG-CFRN-CIGL_ aquifer group. 

.-. ••. Well Depth (ft) Static waterlev,el(ft) ·,. ' \)11. . . , ••. ••·• . • :UTMi:iJorth ... ··• : . 
!' . : /Parameter i,.,:> R

• 2_:·_·•. . ... -·If.< ; .. • '( < i>U •··· ;i/ )l2.;:::,; 
.. ....... ., .. 

. •• 2 .• ·:.· •• ... •· .• • .';: 
. ·P :\LI>'••··•·· .::·· , .R ... ·-••-::· p• 

Alkalinity 0.163 0.314 0.129 0.427 -0.645 0.000 -0.022 0.891 
Aluminum (Al) -0.368 0.021 -0.304 0.060 0.255 0.118 0.390 0.014 
Antimony (Sb) 0.157 0.340 0.124 0.452 -0.179 0.275 -0.364 0.023 
Arsenic (As) -0.125 0.447 -0.044 0.791 -0.633 0.000 0.242 0.138 
Barium (Ba) 0.001 0.995 0.112 0.491 -0.482 0.002 -0.123 0.451 
Beryllium (Be) 0.194 0.237 -0.051 0.758 0.077 0.642 0.146 0.374 
Bismuth (Bi) 0.051 0.846 0.409 0.103 -0.408 0.104 -0.255 0.323 
Boron (B) 0.095 0.560 0.009 0.955 -0.833 0.000 0.021 0.899 
Bromide (Br) -· - - - - - - -
Cadmium (Cd) 0.007 0.967 0.029 0.863 0.186 0.256 -0.396 0.013 
Calcium (Ca) 0.103 0.526 0.071 0.663 -0.707 0.000 0.164 0.313 
Cesium (Cs) 0.685 0.002 0.399 0.113 -0.236 0.362 -0.335 0.189 
Chloride (Cl) -0.287 0.072 -0.083 0.613 -0.044 0.787 0.406 0.009 
Chromium (Cr) 0.236 0.149 0.141 0.392 0.321 0.046 0.024 0.887 
Cobalt(Co) -0.361 0.024 -0.402 0.011 -0.370 0.021 0.328 0.042 
Copper (Cu) -0.222 0.168 :0.181 0.264 0.214 0.184 0.147 0.364 
Day -0.341 0.032 -0.416 0.008 -0.474 0.002 0.759 0.000 
Depth - - 0.670 0.000 0.068 0.679 -0.437 0.005 
Diameter 0.114 0.483 0.086 0.597 -0.384 0.014 -0.268 0.095 
Dissolved Oxygen 0.155 0.339 0.269 0.093 0.551 0.000 -0.114 0.482 
Fluoride (F) 0.171 0.375 0.407 0.029 -0.209 0.278 -0.040 0.838 
Iron (Fe) 0.210 0.193 -0.007 0.965 -0.499 0.001 -0.077 0.639 
Lead (Pb) 0.079 0.632 0.243 0.137 0.619 0.000 -0.229 0.162 
Lithium (Li) -0.087 0.595 -0.106 0.515 -0.656 0.000 0.077 0.638 
Magnesium (Mg) 0.304 0.057 0.288 0.072 -0.445 0.004 -0.117 0.474 
Manganese (Mn) -0.326 0.040 -0.339 0.033 -0.440 0.004 0.460 0.003 
Mercury (Hg) -0.175 0.437 -0.287 0.196 -0.299 0.176 0.424 0.049 
Molybdenum (Mo) -0.065 0.692 -0.088 0.588 -0.114 0.484 0.022 0.892 
Nickel (Ni) 0.031 0.850 -0.017 0.915 0.341 0.031 -0.141 0.386 
Nitrate (NO3) -0.124 0.447 0.074 0.652 0.359 0.023 -0.042 0.797 
Ortho-phosphate 0.201 0.555 0.300 0.370 0.200 0.555 -0.100 0.770 
pH 0,025 0.878 -0.168 0.300 0.557 0.000 0.144 0.375 
Phosphorustotal -0.0ll 0.945 -0.076 0.639 -0.740 0.000 0.400 0.010 
Potassium (K) 0.100 0.538 0.032 0.846 -0.833 0.000 0.072 0.657 
Redox/Eh -0.004 0.981 0.207 0.200 o.405 0.010 -0.361 0.022 
Rubidium (Rb) 0.209 0.195 0.071 0.665 0.051 0.755 -0.023 0.888 
Selenium (Se) 0.340 0.046 0.446 0.007 -0.190 0.275 -0.249 0.150 
Silicate (Si) -0.377 0.016 -0.229 0.156 -0.233 0.148 0.421 0.007 
Silver (Ag) -0.099 0.549 -0.133 0.421 0.051 0.760 -0.060 0.715 
Sodium (Na) 0.060 0.715 0.037 0.821 -0.883 0.000 0.248 0.122 
Specific Conductivity 0.150 0.355 0.218 0.177 -0.745 0.000 0.081 0.621 
Strontium (Sr) 0.073 0.656 0.007 0.966 -0.905 0.000 0.222 0.168 
Sulfate (SO4) 0.319 0.045 0.324 0.041 -0.508 0.001 -0.207 0.199 
Sulfur (S) 0.311 0.050 0.311 0.051 -0.468 0.002 -0.240 0.136 
SWL 0.670 0.000 - - 0.082 0.614 -0.493 0.001 
Temperature 0.254 0.115 0.205 0.206 -0.254 0.114 -0.141 0.387 
Thallium (Tl) -0.338 0.035 -0.445 0.005 0.255 0.118 0.344 0.032 
Tin (Sn) -0.429 0.086 -0.346 0.174 0.291 0.257 0.391 0.120 
Titanium (Ti) 0,018 0.911 0.101 0.537 0.257 0.109 0.088 0.591 
Total dissolved solids 0.146 0.376 0.163 0.323 -0.745 0.000 • 0.056 0.734 
Total organic carbon -0.018 0.914 -0.019 0.907 -0.155 0.340 -0.325 0.041 
Total phosphate -0.017 0.929 0.026 0.894 -0.308 0.104 -0.041 0.831 
Tritium -0.279 0.197 0.116 0.597 0.131 0.550 -0.030 0.891 
Total suspended solids 0.103 Q.534 0.011 0.950 -0.503 0.001 0.028 0.867 
Vanadium (V) -0.081 0.618 -0.165 0.308 -0.079 0.630 0.214 0.185 
Zinc (Zn) 0.478 0,002 0.389 0.013 0.228 0.157 -0.508 0.001 
Zirconium (Zr) 0.230 0.375 0.428 0.087 0.066 0.801 -0.039 0.883 
' Insufficient sample size or no samples collected 
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Table D.96: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the OSTP-OPDC-CJDN aquifer group. 

•. Well Depth (ft) .. Static water level(ft) UTM.;east ... UTM+nol'th 
Parameter 

2 .... R2: ••• <p <If R2 •, .. R .· .... ·.••·.•· ·•.··•····· • ·p . .. . 
.. p .• ..... p •· .. 

Alkalinity -0.234 0.026 -0.251 0.017 -0.531 0.000 -0.010 0.925 
Aluminum (Al) -0.072 0.510 -0.099 0.360 0.060 0.579 0.492 0.000 
Antimony (Sb) -0.107 0.323 -0.092 0.399 -0.279 0.009 -0.018 0.870 
Arsenic (As) -0.122 0.262 -0.238 0.026 -0.458 0.000 0.015 0.889 
Barium (Ba) -0.138 0.196 -0.135 0.206 -0.457 0.000 0.037 0.731 
Beryllium (Be) -0.206 0.056 -0.118 0.278 -0.279 0.009 0.080 0.463 
Bismuth (Bi) 0.307 0.127 0.240 0.237 -0.307 0.128 0.147 0.475 
Boron (B) -0.025 0.812 -0.068 0.525 -0.600 0.000 -0.153 0.150 
Bromide (Br) -· - - - - - - -
Cadmium (Cd) 0.233 0.030 0.297 0.005 0.428 0.000 -0.340 0.001 
Calcium (Ca) -0.375 0.000 -0.363 0.000 -0.460 0.000 -0.049 0.650 
Cesium (Cs) 0.002 0.993 0.004 0.984 -0.015 0.941 -0.282 0.162 
Chloride (Cl) -0.308 0.003 -0.180 0.090 0.151 0.154 0.208 0.050 
Chromium (Cr) -0.113 0.296 0.023 0.834 0.262 0.014 0.059 0.586 
Cobalt (Co) -0.183 0.090 -0.275 0.010 -0.522 0.000 0.349 0.001 
Copper (Cu) 0.129 0.226 0.161 0.130 0.211 0.046 -0.165 0.121 • 
Day -0.316 0.002 -0.419 0.000 -0.539 0.000 0.639 0.000 
Depth - - 0.730 0.000 0.255 0.015 -0.333 0.001 
Diameter 0.083 0.437 0.050 0.638 -0.076 0.477 -0.277 0.008 
Dissolved Oxygen -0.016 0.884 0.262 0.013 0.457 0.000 -0.131 0.220 
Fluoride (F) 0.208 0.121 0.270 0.042 0.210 0.117 -0.069 0.610 
Iron (Fe) 0.081 0.446 -0.067 0.530 -0.567 0.000 -0.067 0.528 
Lead (Pb) 0.132 0.223 0.255 0.017 0.458 0.000 -0.274 0.010 
Lithium (Li) -0.062 0.562 -0.071 0.508 -0.509 0.000 -0.157 0.139 
Magnesium (Mg) -0.223 0.035 -0.248 0.019 -0.525 0.000 0.250 0.018 
Manganese (Mn) -0.035 0.745 -0.194 0.067 -0.728 0.000 0.178 0.093 
Mercury (Hg) -0.305 0.o18 -0.266 0.040 0.172 0.189 -0.035 0.790 
Molybdenum (Mo) -0.055 0.606 -0.205 0.053 -0.165 0.120 0.250 O.o18 
Nickel (Ni) 0.183 0.085 0.232 0.028 0.218 0.039 -0.158 0.137 
Nitrate (NO3) -0.326 0.002 -0.068 0.524 0.462 0.000 0.002 0.989 
Ortho-phosphate -0.236 0.119 -0.028 0.855 0.184 0.227 -0.049 0.750 
pH 0.097 0.361 0.045 0.676 0.212 0.045 0.298 0.004 
Phosphorustotal -0.210 0.047 -0.185 0.082 -0.506 0.000 0.086 0.421 
Potassium (K) -0.123 0.250 -0.132 0.215 -0.612 0.000 -0.042 0.692 
Redox/Eh 0.041 0.701 0.265 0.012 0.512 0.000 -0.347 0.001 
Rubidium (Rb) 0.075 0.484 0.107 0.316 0.124 0.246 -0.139 0.192 
Selenium (Se) -0.067 0.603 0.118 0.356 -0.231 0.069 -0.208 0.101 
Silicate (Si) -0.535 0.000 -0.472 0.000 -0.561 0.000 0.489 0.000 
Silver (Ag) -0.171 0.113 -0.212 0.049 -0.179 0.097 0.619 0.000 
Sodium (Na) -0.282 0.007 -0.310 0.003 -0.739 0.000 0.117 0.272 
Specific Conductivity -0.443 0.000 -0.386 0.000 -0.558 0.000 0.075 0.482 
Strontium (Sr) -0.064 0.552 -0.127 0.234 -0.684 0.000 -0.172 0.106 
Sulfate (SO4) -0.004 0.973 0.054 0.614 -0.264 0.012 -0.268 0.011 
Sulfur (S) -0.038 0.725 0.010 0.925 -0.232 0.028 -0.254 0.016 
SWL 0.730 0.000 - - 0.365 0.000 -0.383 0.000 
Temperature -0.174 0.101 -0.362 0.000 -0.310 0.003 0.428 0.000 
Thallium (Tl) -0.090 0.409 -0.045 0.677 0.077 0.477 0.113 0.299 
Tin (Sn) 0.143 0.486 0.165 0.421 0.091 0.659 -0.336 0.093 
Titanium (Ti) 0.178 0.093 0.242 0.022 0.188 0.077 -0.135 0.205 
Total dissolved solids -0.420 0.000 -0.355 0.001 -0.566 0.000 0.068 0.528 
Total organic carbon 0.055 0.606 0.046 0.664 -0.138 0.196 -0.253 0.016 
Total phosphate -0.143 0.349 0.037 0.811 -0.392 0.008 -0.185 0.223 
Tritium -0.541 0.000 -0.373 0.005 -0.101 0.467 0.286 0.036 
Total suspended solids 0.016 0.881 -0.032 0.769 -0.445 0.000 -0.035 0.744 
Vanadium (V) 0.028 0.791 0.025 0.817 0.031 0.775 0.044 0.682 
Zinc (Zn) 0.294 0.005 0.378 0.000 0.239 0.024 -0.365 0.000 
Zirconium (Zr) -0.055 0.790 -0.319 0.112 0.399 0.043 0.054 0.794 
1 Insufficient sample size or no samples collected 
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Table D.97: Correlation coefficients between chemical parameters a~d well depth, static water 
level, and UTM coordinates, for the CMSH-CMTS-PMHN aquifer group. 

·. 

•••• 
WelFDepthi(ft)••· . Static.water•l.evel(ft) ·.•.·· ··.•uTM .. east •• .. • .•• UTM'."north 

Parameter R.2 • •.•• •.··•··/p ... I• 1i2: ;\ < / ·p •••.• • ·2 ' •• : ... R~ ... :. . , : R .. < •••P ii . .... p 

Alkalinity 0.552 0.003 0.302 0.133 -0.768 0.000 -0.790 0.000 
Aluminum (Al) -0.042 0.839 0.037 0.857 0.371 0.062 0.226 0.267 
Antimony (Sb) 0.045 0.826 -0.008 0.968 -0.125 0.541 -0.150 0.464 
Arsenic (As) 0.286 0.157 0.150 0.465 -0.180 0.379 -0.171 0.403 
Barium (Ba) 0.257 0.205 0.364 0.067 -0.234 0.249 -0.189 0.356 
Beryllium (Be) 0.371 0.062 0.371 0.062 -0.123 0.548 -0.201 0.325 
Bismuth (Bi) - 1 - - - - - - -
Boron (B) 0.762 0.000 0.475 0.014 -0.262 0.196 -0.377 0.058 
Bromide (Br) 0.333 0.096 0.334 0.096 -0.227 0.265 -0.307 0.128 
Cadmium (Cd) 0.350 0.079 0.299 0.138 -0.095 0.646 -0.015 0.942 
Calcium (Ca) 0.446 0.022 0.301 0.135 -0.800 0.000 -0.802 0.000 
Cesium (Cs) 0.716 0.001 0.350 0.168 -0.104 0.692 -0.422 0.092 
Chloride (Cl) 0.059 0.777 0.238 0.242 -0.079 0.703 0.028 0.892 
Chromium (Cr) 0.038 0.854 0.377 0.058 -0.332 0.098 -0.203 0.321 
Cobalt (Co) 0.211 0.300 -0.071 0.732 -0.306 0.129 -0.338 0.091 
Copper (Cu) -0.002 0.994 -0.058 0.779 0.196 0.338 0.237 0.243 
Day -0.155 0.449 -0.185 0.365 0.483 0.012 0.434 0.027 

.Depth - - 0.529 0.005 -0.356 0.075 -0.584 0.002 
Diameter 0.187 0.361· 0.174 0.396 -0.396 0.045 -0.415 0.035 
Dissolved Oxygen -0.315 0.117 -0.184 0.369 -0.195 0.340 -0.091 0.658 
Fluoride (F) 0.679 0.001 0.563 0.008 -0.267 0.242 -0.435 0.049 
Iron (Fe) 0.170 0.408 0.121 0.556 -0.262 0.197 -0.305 0.130 
Lead (Pb) 0.081 0.695 -0.089 0.667 0.121 0.557 -0.085 0.679 
Lithium (Li) 0.287 0.155 0.118 0.565 -0.044 0.830 0.015 0.942 
Magnesium (Mg) 0.433 0.027 0.303 0.133 -0.786 0.000 -0.787 0.000 
Manganese (Mn) 0.256 0.206 0.000 0.999 -0.134 0.515 -0.231 0.257 
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) -0.132 0.522 0,031 0.882 0.172 0.402 0.335 0.094 
Nickel (Ni) -0.254 0.210 -0.138 0.501 0.366 0.066 0.423 0.031 
Nitrate (NO3) -0.355 0,075 -0.006 0.977 -0.130 0.528 0.119 0.563 
Ortho-phosphate - - - - - - - -
pH 0.286 0.156 0.030 0.886 0.065 0.753 0.123 0.551 
Phosphorustotal 0.316 0.116 0.201 0.324 -0.345 0.085 -0.452 0.021 
Potassium (K) 0.731 0.000 0.582 0.002 -o.408 0.039 -0.503 0.009 
Redox/Eh -0.395 0.046 0.078 0.704 0.253 0.213 0.164 0.425 
Rubidium (Rb) -0.094 0.647 -0.065 0.751 0.266 0.190 0.371 0.062 
Selenium (Se) -0.143 0.487 0.018 0.929 -0.420 0.033 -0.229 0.261 
Silicate (Si) -0.565 0.003 -0.374 0.060 0.004 0.985 0.136 0.509 
Silver (Ag) 0.384 0.053 0.167 0.415 -0.266 0.189 -0.216 0.289 
Sodium (Na) 0.680 0.000 0.556 0.003 -0.403 0.041 -0.465 0.017 
Specific Conductivity 0.451 0.021 0.347 0.082 -0.746 0.000 -0.790 0.000 
Strontium (Sr) 0.686 0.000 0.447 0.022 -0.508 0.008 -0.554 0.003 
Sulfate (SO4) 0.433 0.027 0.396 0.045 -0.387 0.051 -0.387 0.051 
Sulfur (S) 0.457 0.019 0.413 0.036 -0.394 0.047 -0.413 0.036 
SWL 0.529 0.005 - - -0.232 0.253 -0.329 0.101 
Temperature 0.601 0.001 0.417 0.034 -0.469 . 0.016 -0.740 0.000 
Thallium {Tl) 0.536 0.005 0.383 0.054 -0.277 0.170 -0.320 0.111 
Tin (Sn) -0.233 0.367 -0.170 0.514 0.099 0.705 0.112 0.670 
Titanium (Ti) -0.138 0.503 -0.023 0.911 0.249 0.220 0.354 0.076 
Total dissolved solids 0.593 0.001 0.460 0.018 -0.752 0.000 -0.742 0.000 
Total organic carbon 0.166 0.417 0.179 0.381 -0.031 0.881 -0.118 0.567 
Total phosphate 0.031 0.882 0.057 0.783 -0.082 0.691 -0.156 0.446 
Tritium -0.185 0.493 0.157 0.560 -0.301 0.257 -0.091 0.738 
Total suspended solids -0.054 0.792 -0.167 0.416 0.022 0.915 -0.093 0.650 
Vanadium (V) -0.171 0.404 -0.093 0.653 0.269 0.185 0.371 0.062 
Zinc (Zn) 0.444 0.023 0.362 0.069 -0.118 0.565 -0.435 0.026 
Zirconium (Zr) -0.004 0.988 0.181 0.486 0.286 0.266 0.003 0.991 

' Insufficient sample size or no samples collected 
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Table D.98: Correlation coefficients between chemical parameters and well depth, static water 
level, and UTM coordinates, for the Upper Carbonate aquifer group. 

.. • .< Well])epth (ft) Static water level (ft) UTM.;.east . •. ••·. / UTM-north 
Parameter·i. I RL • ·.·.• j, .. . ..··. l. • . • Rl . Rl .·.; •· R p .• p •.• .· •p 

Alkalinity 0.324 0.054 0.305 0.070 -0.629 0.000 -0.030 0.861 
Aluminum (Al) -0.095 0.582 0.090 0.601 -0.082 0.636 0.101 0.558 
Antimony (Sb) -0.039 0.820 0.056 0.744 -0.292 0.084 -0.122 0.477 
Arsenic (As) 0.163 0.343 -0.105 0.541 -0.485 0.003 0.o25 0.886 
Barium (Ba) -0.026 0.879 0.101 0.558 0.187 0.275 0.223 0.191 
Beryllium (Be) 0.027 0.875 -0.055 0.750 -0.027 0.875 -0.301 0.Q75 
Bismuth (Bi) -1.000 1.000 -1.000 1.000 -1.000 1.000 -1.000 1.000 
Boron (B) 0.220 0.196 0.201 0.241 -0.603 0.000 -0.097 0.574 
Bromide (Br) -' - - - - - - -
Cadmium (Cd) 0.262 0.123 0.143 0.407 -0.060 0.728 -0.278 0.101 
Calcium (Ca) 0.201 0.241 0.340 0.042 -0.025 0.884 -0.016 0.928 
Cesium (Cs) -1.000 1.000 -1.000 1.000 -1.000 1.000 -1.000 1.000 
Chloride (Cl) -0.327 0.055 -0.123 0.480 0.340 0.045 0.114 0.513 
Chromium (Cr) -0.270 0.111 -0.009 0.958 0.467 0.004 0.009 0.960 
Cobalt (Co) 0.095 0.581 0.269 0.113 -0.265 0.119 -0.145 0.398 
Copper (Cu) -0.101 0.558 0.394 0.018 0.374 0.025 0.293 0.083 
Day 0.072 0.677 -0.004 0.982 -0.849 0.000 -0.008 0.964 
Depth - - 0.260 0.125 -0.099 0.565 -0.165 0.336 
Diameter 0.071 0.683 -0.080 0.642 -0.074 0.670 0.002 0.989 
Dissolved Oxygen -0.209 0.221 -0.216 0.207 0.358 0.032 -0.062 0.720 
Fluoride (F) 0.196 0.274 -0.040 0.827 0.024 0.895 -0.064 0.725 
Iron (Fe) 0.276 0.103 -0.052 0.764 -0.352 0.o35 -0.091 0.596 
Lead (Pb) -0.219 0.199 0.452 0.006 0.351 0.036 0.261 0.124 
Lithium (Li) 0.382 0.022 0.166 0.333 -0.414 0.012 -0.289 0.087 
Magnesium (Mg) 0.134 0.437 0.460 0.005 -0.246 0.148 0.293 0.083 
Manganese (Mn) -0.172 0.316 -0.065 0.708 -0.265 0.118 -0.198 0.248 
Mercury (Hg) -0.040 0.827 -0.102 0.571 -0.247 0.166 -0.137 0.447 
Molybdenum (Mo) 0.027 0.874 -0.052 0.762 -0.263 0.121 0.115 0.504 
Nickel (Ni) 0.120 0.485 0.358 0.032 0.386 0.020 -0.038 0.824 
Nitrate (NO3) -0.058 0.738 0.043 0.805 0.455 0.005 0.159 0.355 
Ortho-phosphate 0.396 0.030 0.234 0.213 -0.419 0.021 0.111 0.558 
pH -0.172 0.317 -0.315 0.061 0.162 0.345 0.387 0.020 
Phosphorustotal 0.312 0.064 0.155 0.368 -0.348 0.037 -0.040 0.815 
Potassium (K) 0.162 0.346 0.141 0.414 -0.489 0.003 -0.025 0.886 
Redox/Eh -0.204 0.233 -0.050 0.773 0.489 0.002 -0.188 0.272 
Rubidium (Rb) 0,018 0.918 0.189 0.269 0.360 0.031 0.098 0.571 
Selenium (Se) 0.137 0.479 -0.391 0.036 -0.267 0.161 -0.091 0.638 
Silicate (Si) -0.101 0.558 0.184 0.282 -0.472 0.004 -0.083 0.630 
Silver (Ag) -0.343 0.041 0.139 0.419 0.144 0.403 0.040 0.816 
Sodium (Na) 0.241 0.157 0.266 0.117 -0.599 0.000 -0.161 0.347 
Specific Conductivity 0.209 0.222 0.233 0.172 -0.517 0.001 0.058 0.737 
Strontium (Sr) 0.244 0.151 0.278 0.100 -0.641 0.000 -0.006 0.972 
Sulfate (SO4) 0.160 0.357 • -0.106 0.544 -0.178 0.307 -0.202 0.245 
Sulfur (S) 0.134 0.435 -0.069 0.689 -0.168 0.326 -0.231 0.174 
SWL 0.260 0.125 - - 0.084 0.625 0.149 0.386 
Temperature -0.102 0.556 0.051 0.767 -0.514 0.001 0.098 0.569 
Thallium (Tl) -0.221 0.195 0.067 0.698 -0.130 0.450 -0.047 0.785 
Tin (Sn) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Titanium (Ti) -0.116 0.502 0.180 0.294 0.490 0.002 0.047 0.784 
Total dissolved solids 0.264 0.125 0.233 0.177 -0.468 0.005 -0.029 0.867 
Total organic carbon 0.211 0.218 -0.005 0.978 0.023 0.893 -0.123 0.476 
Total phosphate -0.232 0.658 -0.377 0.461 -0.029 0.957 0.203 0.700 
Tritium -0.340 0.279 0.035 0.914 0.119 0.712 0.399 0.198 
Total suspended solids 0.118 0.498 0.064 0.714 -0.323 0.058 -0.234 0.176 
Vanadium (V) 0.064 0.711 0.395 0.017 0.458 0.005 0.106 0.537 
Zinc (Zn) 0.180 0.294 0.334 0.046 0.275 0.105 0.251 0.139 
Zirconium (Zr) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1 Insufficient sample size or no samples collected 
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Table D.99: Correlation coefficients between chemical parameters and dissolved oxygen, iron, 
manganese, and oxidation-reduction potential for the Cambrian aquifer group. 

.... ·> ·::, :,: 
I' Dissolved Oxygen •. ·••••• .:•ir ~u:::>L , .... •··••····•· : Nfa11ganese< •• ··• >Redox:potentiat 

1:,.,,, •:..:· .. ·· .. · < ., ;R2 • ·••:p I ,:)R2. ' .. ' p t .•• '.R? Ji'.; L'< \p :R~\ ';;/ ./. :p:• ........... , 
Alkalinity -0.253 0.010 0.515 0.000 0.287 0.003 -0.216 0.029 
Aluminum (Al) 0.094 0.351 -0.035 0.729 0.122 0.228 0.090 0.373 
Antimony (Sb) -0.212 0.034 0.274 0.006 0.144 0.153 -0.061 0.545 
Arsenic (As) -0.404 0.000 0.524 0.000 0.475 0.000 -0.359 0.000 
Barium (Ba) -0.313 0.001 0.515 0.000 0.386 0.000 -0.217 0.029 
Beryllium (Be) -0.317 0.001 0.388 0.000 0.311 0.002 -0.302 0.002 
Bismuth (Bi) -0.163 0.289 0.158 0.306 0.222 0.148 -0.093 0.547 
Boron (B) -0.497 0.000 0.521 0.000 0.435 0.000 -0.311 0.001 
Bromide (Br) -0.135 0.175 0.110 0.272 0.117 0.242 0.100 0.319 
Cadmium (Cd) 0.038 0.709 -0.076 0.454 -0.057 0.573 0.178 0.077 
Calcium (Ca) -0.230 0.020 0.470 0.000 0.265 0.007 -0.212 0.033 
Cesium (Cs) -0.295 0.052 0.497 0.001 o.oi5 0.924 -0.137 0.375 
Chloride (Cl) 0.106 0.288 -0.214 0.031 -0.100 0.319 0.139 0.164 
Chromium (Cr) 0.482 0.000 -0.119 0.239 -0.301 0.002 0.040 0.691 
Cobalt (Co) -0.290 0.003 0.379 0.000 0.533 0.000 -0.154 0.126 
Copper (Cu) 0.018 0.859 -0.110 0.272 -0.043 0.666 0.164 0.100 
Day -0.385 0.000 0.113 0.258 0.444 0.000 -0.428 0.000 
Depth 0.007 0.941 0.114 0.254 -0.144 0.150 0.013 0.899 
Diameter -0.021 0.832 -0.009 0.927 -0.155 0.119 0.058 0.563 
Dissolved Oxygen - - -0.412 0.000 -0.543 0.000 0.468 0.000 
Fluoride (F) 0.018 0.882 0.058 0.631 -0.106 0.383 -0.132 0.276 
Iron (Fe) -0.412 0.000 - - 0.577 0.000 -0.479 0.000 
Lead (Pb) 0.229 0.022 -0.191 0.057 -0.254 0.011 0.298 0.003 
Lithium (Li) -0.421 0.000 0.456 0.000 0.408 0.000 -0.164 0.100 
Magnesium (Mg) -0.070 0.482 0.405 0.000 0.141 0.157 -0.086 0.390 
Manganese (Mn) -0.543 0.000 0.577 0.000 - - -0.473 0.000 
Mercury (Hg) 0.091 0.515 0.069 0.619 0.053 0.705 -0.150 0.280 
Molybdenum (Mo) -0.177 0.075 -0.021 0.835 0.107 0.286 -0.049 0.623 
Nickel (Ni) 0.186 0.061 -0.044 0.661 -0.215 0.030 0.267 0.007 
Nitrate (NO3) 0.561 0.000 -0.628 0.000 -0.639 0.000 0.509 0.000 
Ortho-phosphate 0.410 0.034 -0.628 0.000 -0.677 0.000 0.494 0.009 
pH 0.156 0.119 -0.326 0.001 -0.154 0.122 0.062 0.539 
Phosphorustotal -0.420 0.000 0.524 0.000 0.523 0.000 -0.354 0.000 

• Potassium (K) -0.521 0.000 0.635 0.000 0.497 0.000 -0.365 0.000 
Redox/Eh 0.468 0.000 -0.479 0.000 -0.473 0.000 - -
Rubidium (Rb) 0.044 0.663 0.027 0.792 0.026 0.793 0.094 0.350 
Selenium (Se) 0.131 0.229 0.010 0.925 -0.047 0.668 -0.042 0.704 
Silicate (Si) -0.067 0.505 0.120 0.229 0.403 0.000 -0.083 0.408 
Silver(Ag) -0.111 0.273 0.078 0.443 · 0.083 0.411 -0.067 0.507 
Sodium (Na) -0.474 0.000 0.419 0.000 0.411 0.000 -0.344 0.000 
Specific Conductivity -0.219 0.027 0.473 0.000 0.263 0.008 -0.204 0.040 
Strontium (Sr) -0.486 0.000 0.607 0.000 0.490 0.000 -0.362 0.000 
Sulfate (SO4) -0.185 0.062 0.353 0.000 0.037 0.714 -0.076 0.449 
Sulfur (S) -0.193 0.052 0.354 0.000 0.029 0.770 -0.083 0.409 
SWL 0.228 0.021 -0.025 0.802 -0.237 0.016 0.343 0.000 
Temperature -0.168 0.091 0.088 0.382 0.009 0.932 0.095 0.341 
Thallium (Tl) -0.097 0.337 -0.103 0.306 0.046 0.649 -0.071 0.483 
Tin (Sn) 0.047 0.760 0.000 0.000 0.163 0.291 -0.130 0.400 
Titanium {Ti) 0.142 0.156 -0.023 0.815 0.009 0.931 0.118 0.240 
Total dissolved solids -0.230 0.021 0.418 0.000 0.238 0.017 -0.173 0.086 
Total organic carbon -0.130 0.193 0.452 0.000 0.173 0.083 -0.130 0.194 
Total phosphate -0.204 0.079 0.416 0.000 0.278 0.016 -0.186 0.110 
Tritium 0.288 0.027 -0.142 0.282 -0.207 0.116 0.153 0.246 
Total suspended solids -0.179 0.074 0.812 0.000 0.405 0.000 -0.329 0.001 
Vanadium (V) -0.123 0.218 0.115 0.252 0.076 0.449 0.004 0.971 
Zinc (Zn) 0.085 0.394 0.194 0.051 -0.107 0.284 0.249 0.012 
Zirconium (Zr) -0.091 0.555 0.373 0.013 0.084 0.588 -0.139 0.368 

D-120 

.\ 



Table D.100: Correlation coefficients between chemical parameters and dissolved oxygen, iron, 
manganese, and oxidation-reduction potential for the Devonian aquifer group. 

. . 

Dissolved Oxygen Iron ••. : I< .. ···· Mang~nese 
·•.· . Redo~ potential .,. 

' 
Parameter R.2 •• ,ip R2 •. p ••· .•••• 1 1i2 .. ·.·•·•··•· ··•••·•··•••··P . . R~···••:: ) < ... P 

Alkalinity -0.413 0.235 0.450 0.192 -0.073 0.841 -0.201 0.578 
Aluminum (Al) -0.261 0.467 0.564 0.090 -0.006 0.987 -0.467 0.174 
Antimony (Sb) 0.259 0.471 0.234 0.515 0.209 0.562 -0.665 0.036 
Arsenic (As) -0.127 0.726 0.297 0.405 -0.333 0.347 -0.358 0.310 
Barium (Ba) 0.030 0.934 0.346 0.328 -0.261 0.467 -0.406 0.244 
Beryllium (Be) 0.101 0.781 -0.266 0.457 -0.374 0.287 -0.076 0.835 
Bismuth (Bi) - 1 - - - - - - -
Boron (B) -0.285 0.425 0.067 0.855 -0.055 0.881 -0.200 0.580 
Bromide (Br) - - - - - - - -
Cadmium (Cd) -0.042 0.907 0.309 0.385 0.309 0.385 -0.067 0.855 
Calcium (Ca) -0.467 0.174 0.527 0.117 -0.176 0.627 -0.139 0.701 
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0.133 0.732 -0.217 0.576 0.267 0.488 0.667 0.050 
Chromium (Cr) -0.021 0.955 -0.370 0.292 -0.418 0.229 0.555 0.096 
Cobalt(Co) 0.o18 0.960 -0.333 0.347 0.006 0.987 0.018 0.960 
Copper (Cu) -0.418 0.229 0.103 0.777 0.o18 0.960 -0.103 0.777 
Day -0.433 0.211 0.458 0.183 0.195 0.590 -0.389 0.267 
Depth -0.006 0.987 0.770 0.009 -0.430 0.214 -0.576 0.082 
Diameter -0.522 0.122 0.058 0.873 -0.058 0.873 -0.290 0.416 
Dissolved Oxygen - - -0.370 0.293 0.067 0.855 0.261 0.467 
Fluoride (F) 0.729 0.026 -0.407 0.277 -0.203 0.600 0.661 0.053 
Iron (Fe) -0.370 0.293 - - -0.261 0.467 -0.721 0.019 
Lead (Pb) -0.127 0.726 -0.103 0.777 0.503 0.138 0.139 0.701 
Lithium (Li) -0.139 0.701 -0.164 0.651 -0.176 0.627 0.212 0.556 
Magnesium (Mg) -0.564 0.090 0.624 0.054 -0.249 0.489 -0.285 0.425 
Manganese (Mn) 0.067 0.855 -0.261 0.467 - - 0.152 0.676 
Mercury (Hg) -0.443 0.200 0.592 0.071 -0.378 0.282 -0.449 0.193 
Molybdenum (Mo) -0.522 0.122 0.522 0.122 -0.522 0.122 -0.522 0.122 
Nickel (Ni) -0.860 0.001 0.212 0.557 0.014 0.970 -0.123 0.735 
Nitrate (NO3) - - - - - - - -
Ortho-phosphate -0.369 0.294 0.554 0.097 0.172 0.634 -0.172 0.634 
pH 0.407 0.243 0.109 0.763 0.286 0.424 -0.426 0.220 
Phosphorustotal -0.127 0.726 0.564 0.090 0.297 0.405 -0.309 0.385 
Potassium (K) • -0.346 0.328 0.018 0.960 -0.006 0.987 0.042 0.907 
Redox/Eh 0.261 0.467 -0.721 0.019 0.152 0.676 - -
Rubidium (Rb) - - - - - - - -
Selenium (Se) -0.577 0.134 0.577 0.134 -0.577 0.134 -0.577 0.134 
Silicate (Si) -0.442 0.200 -0.030 0.934 -0.030 0.934 0.249 0.489 
Silver (Ag) 0.355 0.315 -0.528 0.117 0.355 0.315 0.035 0.924 
Sodium (Na) -0.346 0.328 0.042 0.907 0.103 0.777 -0.285 0.425 
Specific Conductivity -0.285 0.425 0.430 0.214 0.115 0.751 -0.079 0.829 
Strontium (Sr) -0.333 0.347 0.091 0.803 -0.030 0.934 -0.200 0.580 
Sulfate (SO4) 0.000 0.000 -0.233 0.546 -0.267 0.488 0.400 0.286 
Sulfur (S) -0.018 0.960 -0.394 0.260 -0.200 0.580 0.491 0.150 
SWL 0.236 0.511 0.079 0.829 0.224 0.533 -0.103 0.777 
Temperature -0.469 0.171 0.278 0.437 0.173 0.633 -0.420 0.227 
Thallium (Tl) 0.162 0.656 -0.575 0.082 0.200 0.579 0.110 0.762 
Tin (Sn) - - - - - - - -
Titanium (Ti) -0.450 0.192 -0.112 0.757 0.156 0.668 0.208 0.565 
Total dissolved solids -o.400 0.286 0.450 0.224 -0.117 0.765 -0.117 0.765 
Total organic carbon -0.188 0.603 0.539 0.108 -0.018 0.960 -0.006 0.987 
Total phosphate - - - - - - - -
Tritium -0.500 0.667 -0.500 0.667 0.500 0.667 0.500 0.667 
Total suspended solids -0.715 0.030 0.826 0.006 -0.017 0.965 -0.349 0.357 
Vanadium (V) -0.679 0.031 0.071 0.845 0.045 0.901 0.097 0.790 
Zinc (Zn) -0.346 0.328 0.552 0.098 0.212 0.556 -0.176 0.627 
Zirconium (Zr) - - - - - - - -
• Insufficient sample size or no samples collected 
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Table D.101: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the Cretaceous aquifer group. • 

:·,·.· .. Dissolved Oxygen· ·· > :; • : :l ;,:,;1r )~ •• ' •. /. > Manganese\ •· .... ·•·.·. .·• .• .<Redox p->tential > : 
Parameter . .,., R~•··• .. ··••· ·p . \> /a.2:. . : L :." :· ·• :- 'RZ:' ··••··• i\//tr' ........ •• • Rzi >.. > <' :p ::;/· •• 

Alkalinity -0.267 0.100 0.067 0.687 0.122 0.458 -0.024 0.883 
Aluminum (Al) -0.065 0.695 -0.167 0.310 -0.078 0.637 0.084 0.611 
Antimony (Sb) 0.083 0.617 -0.269 0.098 -0.214 0.190 0.599 0.000 
Arsenic (As) -0.368 0.021 -0.170 0.301 0.064 0.699 -0.212 0.194 
Barium (Ba) 0.207 0.207 0.073 0.661 -0.054 0.746 0.193 0.238 
Beryllium (Be) -0.344 0.032 0.137 0.406 0.030 0.858 0.183 0.264 
Bismuth (Bi) _1 - - - - - - -
Boron (B) -0.210 0.200 -0.073 0.660 -0.025 0.880 -0.368 0.021 
Bromide (Br) -0.359 0.025 -0.312 0.053 -0.305 0.059 -0.174 0.288 
Cadmium (Cd) -0.139 0.398 -0.072 0.662 0.003 0.985 0.377 0.018 
Calcium (Ca) 0.107 0.515 0.499 0.001 0.671 0.000 0.293 0.070 
Cesium (Cs) - - - - - - - -
Chloride (Cl) -0.096 0.561 -0.550 0.000 -0.588 0.000 0.007 0.965 
Chromium (Cr) -0.152 0.355 -0.142 0.390 -0.268 0.099 -0.066 0.692 
Cobalt (Co) 0.087 0.600 0.453 0.004 0.552 0.000 0.405 0.010 
Copper (Cu) 0.129 0.434 -0.025 0.881 0.173 0.292' 0.243 0.135 
Day -0.391 0.014 -0.207 0.206 -0.330 0.041 -0.137 0.407 
Depth -0.180 0.274 0.426 0.007 0.390 0.014 -0.460 0.003 
Diameter 0.316 0.050 0.212 0.195 0.199 0.225 0.087 D.600 
Dissolved Oxygen - - -0.033 0.840 -0.113 0.495 0.260 0.109 
Fluoride (F) -0.165 0.420 -0.212 0.300 -0.321 0.110 -0.080 0.696 
Iron (Fe) -0.033 0.840 - - 0.687 0.000 -0.242 0.137 
Lead (Pb) 0.167 0.309 -0.058 0.728 -0.032 0.848 0.147 0.371 
Lithium (Li) -0.261 0.108 0.169 0.303 0.336 0.037 0.090 0.588 
Magnesium (Mg) 0.103 0.531 0.448 0.004 0.593 0.000 0.308 0.057 
Manganese (Mn) -0.113 0.495 0.687 0.000 - - -0.063 0.704 
Mercury (Hg) 0.187 0.282 0.255 0.140 0.000 0.000 • -0.238 0.169 
Molybdenum (Mo) -0.094 0.569 0.066 0.689 0.408 0.010 0.122 0.458 
Nickel (Ni) -0.001 0.996 0.186 0.256 0.483 0.002 0.177 0.281 
Nitrate (NO3) 0.325 0.044 -0.545 0.000 -0.574 0.000 0.449 0.004 
Ortho-phosphate 0.449 0.226 0.434 0.243 -0.077 0.845 -0.775 0.014 
pH -0.228 0.164 -0.349 0.030 -0.497 0.001 -0.339 0.035 
Phosphorustotal -0.107 0.517 0.088 0.594 0.314 0.052 -0.320 0.047 
Potassium (K) -0.252 0.121 0.093 0.574 0.200 0.222 -0.189 0.248 
Redox/Eh 0.260 0.109 -0.242 0.137 -0.063 0.704 - -
Rubidium (Rb) -0.073 0.659 0.096 0.560 0.474 0.002 0.012 0.944 
Selenium (Se) -0.101 . 0.541 -0.313 0.052 -0.486 0.002 -0.042 0.802 
Silicate (Si) 0.234 0.153 0.167 0.311 0.428 0.007 0.230 0.159 
Silver (Ag) -0.190 0.246 -0.268 0.099 -0.355 0.026 0.062 0.709 
Sodium (Na) -0.326 0.043 -0.170 0.302 0.021 0.901 -0.386 0.015 
Specific Conductivity -0.067 0.685 0.139 0.400 0.354 0.027 -0.077 0.640 
Strontium (Sr) 0.059 0.721 0.404 0.011 0.501 0.001 -0.010 0.954 
Sulfate (SO4) -0.088 0.593 0.149 0.364 0.421 0.008 -0.039 0.813 
Sulfur (S) -0.100 0.546 0.178 0.278 0.454 0.004 -0.022 0.896 
SWL 0.294 0.069 0.187 0.254 0.309 0.056 -0.141 0.391 
Temperature -0.147 0.371 0.231 0.157 0.432 0.006 -0.228 0.162 
Thallium (Tl) 0.169 0.304 -0.129 0.435 0.062 0.707 0.281 0.083 
Tin (Sn) - - - - - - - -

• Titanium (Ti) 0.069 0.677 0.250 0.126 0.506 0.001 0.129 0.432 
Total dissolved solids -0.162 0.325 0.016 0.922 0.311 0.054 0.003 0.984 
Total organic carbon 0.014 0.932 0.196 0.231 0.173 0.294 -0.049 0.768 
Total phosphate -0.328 0.077 0.163 0.390 0.289 0.122 -0.224 0.235 
Tritium 0.866 0.333 -0.866 0.333 -0.866 0.333 0.866 0.333 
Total suspended solids -0.097 0.559 0.858 0.000 0.622 0.000 -0.155 0.346 
Vanadium (V) 0.035 0.831 0.383 0.016 0.606 0.000 0.160 0.332 
Zinc (Zn) 0.063 0.705 0.112 0.496 0.209 0.201 0.220 0.178 
Zirconium (Zr) - - - - - - - -
' Insufficient sample size or no samples collected 

D-122 



Table D.102: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the Ordovician aquifer group. 

. • Dissolved ·Oxygen Iron . . • Manganese . Redox. potential 
Parameter R2 p Rl ; p R2 .. ·.• p .. Rl< .> p .... 

Alkalinity -0.260 0.015 0.461 0.000 0.489 0.000 -0.281 0.008 
Aluminum (Al) 0.086 0.437 -0.164 0.138 -0.047 0.674 -0.102 0.361 
Antimony (Sb) 0.146 0.187 -0.277 0.011 -0.051 0.647 0.306 0.005 
Arsenic (As) -0.238 0.030 0.528 0.000 0.420 0.000 -0.444 0.000 
Barium (Ba) -0.324 0.002 0.425 0.000 0.247 0.021 -0.418 0.000 
Beryllium (Be) -0.181 0.102 0.028 0.801 0.166 0.133 -0.112 0.312 
Bismuth (Bi) 0.060 0.802 0.219 0.354 0.262 0.264 -0.020 0.934 
Boron (B) -0.224 0.037 0.385 0.000 0.364 0.001 -0.230 0.032 
Bromide (Br) 

_, - - - - - - -
Cadmium (Cd) 0.174 0.117 0.068 0.539 -0.334 0.002 0.102 0.359 
Calcium (Ca) -0.001 0.989 0.240 0.025 0.318 0.003 0.045 0.682 
Cesium (Cs) 0.199 0.400 -0.026 0.914 -0.269 0.252 0.029 0.902 
Chloride (Cl) 0.325 0.002 -0.502 0.000 -0.284 0.008 0.272 0.011 
Chromium (Cr) 0.444 0.000 -0.531 0.000 -0.464 0.000 0.436 0.000 
Cobalt (Co) -0.221 0.045 0.071 0.521 0.490 0.000 -0.113 0.308 
Copper (Cu) 0.146 0.178 -0.058 0.594 -0.131 0.226 0.045 0.681 
Day -0.260 0.015 -0.006 0.954 0.328 0.002 -0.355 0.001 
Depth -0.101 0.353 0.086 0.427 0.012 0.915 0.076 0.484 
Diameter 0.008 0.943 0.184 0.088 0.017 0.876 -0.029 0.792 
Dissolved Oxygen - - -0.419 0.000 -0.533 0.000 0.557 0.000 
Fluoride (F) 0.236 0.062 -0.188 0.140 -0.278 0.028 0.143 0.263 
Iron (Fe) -0.419 0.000 - - 0.613 0.000 -0.569 0.000 
Lead (Pb) 0.276 0.011 -0.198 0.072 -0.338 0.002 0.413 0.000 
Lithium (Li) -0.158 0.145 0.332 0.002 0.349 0.001 -0.213 0.048 
Magnesium (Mg) -0.083 0.445 0.156 0.149 0.364 0.001 -0.167 0.123 
Manganese (Mn) -0.533 0.000 0.613 0.000 - - -0.527 0.000 
Mercury (Hg) 0.261 0.041 -0.204 0.112 -0.179 0.163 0.185 0.150 
Molybdenum (Mo) -0.127 0.240 0.032 0.769 0.127 0.241 -0.207 0.054 
Nickel (Ni) -0.011 0.917 -0.210 0.051 -0.118 0.278 -0.018 0.871 
Nitrate (NO3) 0.561 0.000 -0.701 0.000 -0.708 0.000 0.613 0.000 
Ortho-phosphate -0.070 0.633 0.157 0.281 0.030 0.837 -0.323 0.024 
pH 0.019 0.862 -0.208 0.053 -0.137 0.205 -0.147 0.175 
Phosphorustotal -0.339 0.001 0.602 0.000 0.437 0.000 -0.620 0.000 
Potassium (K) -0.103 0.343 0.108 0.320 0.231 0.032 -0.146 0.179 
Redox/Eh 0.557 0.000 -0.569 0.000 -0.527 0.000 - -
Rubidium (Rb) 0.184 0.087 -0.256 0.017 -0.288 0.007 0.216 0.044 
Selenium (Se) 0.120 0.346 0.129 0.309 0.107 0.401 0.124 0.329 
Silicate (Si) -0.244 0.023 0.148 0.172 0.324 0.002 -0.354 0.001 
Silver (Ag) -0.028 0.800 -0.249 0.023 0.035 0.751 -0.142 0.200 
Sodium (Na) -0.200 0.063 0.406 0.000 0.373 0.000 -0.287 0.007 
Specific Conductivity -0.122 0.261 0.313 0.003 0.306 0.004 -0.185 0.086 
Strontium (Sr) -0.299 0.005 0.498 0.000 0.453 0.000 -0.356 0.001 
Sulfate (SO4) 0.213 0.047 -0.015 0.894 0.160 0.140 0.217 0.043 
Sulfur (S) 0.191 0.076 -0.052 0.634 0.131 0.226 0.220 0.041 
SWL 0.079 0.469 -0.204 0.059 -0.183 0.090 0.233 0.030 
Temperature -0.228 0.034 -0.012 0.910 0.235 0.028 -0.223 0.038 
Thallium (Tl) 0.065 0.558 -0.326 0.003 0.001 0.991 0.076 0.493 
Tin (Sn) 0.244 0.299 -0.234 0.322 -0.237 0.315 0.166 0.485 
Titanium (Ti) 0.017 0.875 -0.251 0.019 -0.167 0.122 0.076 0.486 
Total dissolved solids -0.027 0.804 0.164 0.130 0.320 0.003 -0.098 0.368 
Total organic carbon -0.016 0.884 0.383 0.000 0.054 0.618 -0.069 0.527 
Total phosphate -0.246 0.137 0.489 0.002 0.218 0.189 -0.570 0.000 
Tritium 0.300 0.043 -0.345 0.019 -0.375 0.010 0.170 0.258 
Total suspended solids -0.287 0.007 0.716 0.000 0.502 0.000 -0.410 0.000 
Vanadium (V) -0.008 0.943 -0.178 0.099 -0.080 0.462 -0.029 0.788 
Zinc (Zn) 0.074 0.493 0.007 0.948 -0.036 0.743 0.346 0.001 
Zirconium (Zr) 0.122 0.609 -0.098 0.681 -0.068 0.777 0.058 0.808 
' Insufficient sample size or no samples collected 
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Table D.103: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the Precambrian aquifer group. 

...... , 
Dissolved<Oxygen .· .. .• ,; ·Jr>n ···•• ·:. > 1, ••· ,. Manganese , • .. -R.edox p9t.ei1tial , · 

Parameter R2 ·-· ... •• ; :pi·•_.·•·., ·. /R2 : .. <P .. · 2 •• •· ' •· . 'R.2:···· .. t •,t.11'' •:,R••, .. •· •'·· ··_p·, ·:• ··••·· 

Alkalinity -0.162 0.157 0.198 0.082 0.399 0.000 -0.007 0.951 
Aluminum (Al) 0.034 0.764 0.371 0.001 -0.040 0.722 -0.147 0.197 
Antimony (Sb) 0.046 0.682 0.146 0.195 -0.016 0.889 0.055 0.629 
Arsenic (As) -0.067 0.552 0.132 0.242 0.192 0.088 -0.061 0.593 
Barium (Ba) -0.074 0.513 0.177 0.116 0.275 0.014 -0.029 0.798 
Beryllium (Be) -0.034 0.762 0.405 0.000 0.195 0.084 -0.132 0.246 
Bismuth (Bi) 0.208 0.166 0.152 0.315 0.062 0.683 -0.046 0.762 
Boron (B) -0.078 0.492 0.191 0.089 0.120 0.289 -0.276 0.014 
Bromide (Br) 0.038 0.741 0.243 0.030 0.147 0.194 -0.216 0.056 
Cadmium (Cd) -0.195 0.084 0.128 0.259 0.045 0.692 -0.004 0.970 
Calcium (Ca) -0.109 0.337 0.165 0.143 0.489 0.000 0.250 0.026 
Cesium (Cs) 0.094 0.533 0.329 0.026 0.161 0.285 -0.423 0.004 
Chloride (Cl) 0.114 0.315 0.015 0.895 0.071 0.534 0.117 0.306 
Chromium (Cr) 0.071 0.532 0.448 0.000 0.160 0.157 -0.121 0.289 
Cobalt(Co) 0.005 0.968 0.594 0.000 0.676 0.000 0.047 0.679 
Copper (Cu) 0.245 0.029 0.082 0.469 -0.052 0.648 0.111 0.329 
Day 0.074 0.515 0.015 0.897 -0.007 0.951 -0.089 0.433 
Depth 0.083 0.464 0.084 0.460 0.003 0.976 -0.127 0.267 
Diameter 0.190 0.091 -0.161 0.154 -0.146 0.196 0.091 0.424 
Dissolved Oxygen - - -0.168 0.136 -0.261 0.020 0.254 0.024 
Fluoride (F) -0.019 0.879 0.164 0.185 0.102 0.412 -0.217 0.080 
Iron (Fe) -0.168 0.136 - - 0.617 0.000 -0.380 0.001 
Lead (Pb) 0.139 0.219 0.349 0.002 0.016 0.887 -0.198 0.080 
Lithium (Li) 0.058 0.611 0.138 0.223 0.208 0.064 0.066 0.564 
Magnesium (Mg) -0.098 0.387 0.157 0.166 0.394 0.000 0.155 0.174 
Manganese (Mn) -0.261 0.020 0.617 0.000 - - -0.100 0.381 
Mercury (Hg) 0.602 0.023 -0.079 0.787 -0.442 0.113 -0.022 0.941 
Molybdenum (Mo) 0.092 0.419 0.191 0.089 0.186 0.099 0.02.0 0.864 
Nickel (Ni) 0.193 0.086 0.247 0.027 0.183 0.104 0.090 0.430 
Nitrate (NO3) 0.338 0.002 -0.373 0.001 -0.331 0.003 0.317 0.004 
Ortho-phosphate -' - - - - - - -
pH -0.154 0.176 -0.063 0.583 -0.257 0.022 -0.401 0.000 
Phosphorustotal 0.058 0.608 0.589 0.000 0.516 0.000 -0.158 0.165 
Potassium (K) • -0.046 0.687 0.378 0.001 0.495 0.000 0.099 0.384 
Redox/Eh 0.254 0.024 -0.380 0.001 -0.100 0.381 - -
Rubidium (Rb) 0.004 0.975 0.042 0.715 0.143 0.206 0.149 0.190 
Selenium (Se) -0.006 0.957 0.271 O.oI5 0.167 0.139 -0.141 0.214 
Silicate (Si) 0.106 0.349 0.188 0.095 0.216 0.054 0.123 0.280 
Silver (Ag) -0.252 0.024 0.111 0.328 0.034 0.765 -0.083 0.465 
Sodium(Na) -0.046 0.688 0.138 0.221 0.095 0.401 -0.191 0.092 
Specific Conductivity 0.142 0.213 -0.045 0.696 0.109 0.338 0.030 0.794 
Strontium (Sr) -0.066 0.559 0.214 0.057 0.415 0.000 0.061 0.595 
Sulfate (SO4) 0.145 0.199 -o·.021 0.816 0.161 0.153 0.301 0.007 
Sulfur (S) 0.105 0.356 -0.012 0.919 0.189 0.093 0.311 0.005 
SWL -0.002 0.987 0.206 0.067 0.219 0.051 -0.110 0.337 
Temperature 0.101 0.375 0.199 0.079 0.319 0.004 -0.081 0.479 
Thallium (Tl) 0.119 0.294 -0.079 0.488 -0.009 0.936 0.058 0.614 
Tin (Sn) 0.096 0.527 0.214 0.153 0.031 0.840 -0.253 0.093 
Titanium (Ti) 0.228 0.042 0.411 0.000 0.153 0.177 -0.011 0.925 
Total dissolved solids -0.005 0.962 0.076 0.503 0.285 0.010 0.086 0.451 
Total organic carbon -0.227 0.042 0.258 0.021 0.457 0.000 0.008 0.948 
Total phosphate 0.055 0.634 0.491 0.000 0.364 0.001 -0.228 0.046 
Tritium 0.181 0.195 -0.012 0.933 0.057 0.684 0.250 0.074 
Total suspended solids -0.140 0.216 0.747 0.000 0.353 0.001 -0.295 0.008 
Vanadium (V) 0.179 0.113 0.273 0.014 0.166 0.142 0.111 0.329 
Zinc (Zn) 0.088 0.440 0.357 0.001 0.315 0.004 -0.119 0.295 
Zirconium (Zr) -0.128 0.229 0.552 0.000 0.375 0.010 -0.202 0.183 
' Insufficient sample size or no samples collected 
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Table D.104: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the buried Quaternary aquifer group. 

Parameter 
Alkalinity 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
~arium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Bromide (Br) 
Cadmium (Cd) 
Calcium (Ca) 
Cesium (Cs) 
Chloride (Cl) 
Chromium (Cr) 
Cobalt (Co) 
Copper(Cu) 
Day 
Depth 
Diameter 
Dissolved Oxygen 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Nitrate (NO3) 
Ortho-phosphate 
pH 
Phosphorustotal 
Potassium (K) 
Redox/Eh 
Rubidium (Rb) 
Selenium (Se) 
Silicate (Si) 
Silver (Ag) 
Sodium (Na) 
Specific Conductivity 
Strontium (Sr) 
Sulfate (SO4) 
Sulfur (S) 
SWL 
Temperature 
Thallium (Tl) 
Tin (Sn) 
Titanium (Ti) 
Total dissolved solids 
Total organic carbon 
Total phosphate 
Tritium 
Total suspended solids 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 

Dissolved Oxygen •• 
gz• ·.• • 1)..... •.· 

-0.021 0.629 
-0.085 0.054 
0.044 0.321 

-0.133 0.003 
-0.100 0.023 
-0.205 0.000 
0.088 0.289 

-0.181 0.000 
-0.069 0.117 
-0.137 0.002 
0.162 0.000 
0.055 0.512 
0.104 0.oI8 
0.194 0.000 
0.106 0.017 

-0.014 0.745 
-0.140 0.001 
-0.170 0.000 
0.075 0.092 

-0.143 0.005 
-0.172 0.000 
0.095 0.033 

-0.050 0.258 
0.060 0.173 

-0.014 0.755 
0.048 0.466 

-0.083 0.061 
-0.007 0.870 
0.340 0.000 

-0.190 0.299 
-0.240 0.000 
-0.116 0.009 
-0.092 0.037 
0.274 0.000 

-0.056 0.208 
0.201 0.000 

-0.031 0.491 
-0.113 0.010 
-0.153 0.000 
0.100 0.024 

-0.109 0.014 
0.091 0.039 
0.080 0.071 
0.112 0.011 
0.052 0.242 
0.149 0.001 

-0.149 0.073 
-0.059 0.181 
0.046 0.303 

-0.086 0.053 
-0.098 0.031 
0.155 0.269 

-0.132 0.003 
-0.071 0.110 
0.030 0.504 

-0.085 0.307 

0.428 
0.006 

-0.019 
0.375 
0.148 
0.069 
0.029 
0.335 

-0.056 
0.154 
0.451 
0.107 

-0.116 
0.o38 
0.364 
0.119 

-0.217 
0.163 
0.168 

-0.172 
0.058 

-0.004 
0.373 
0.407 
0.413 

-0.088 
0.105 
0.134 

-0.343 
-0.123 
-0.398 
0.511 
0.435 

-0.410 
0.138 

-0.099 
0.484 

-0.044 
0.212 
0.305 
0.433 
0.252 
0.264 
0.138 
0.165 

-0.019 
0.052 
0.144 
0.383 
0.405 
0.380 

-0.085 
0.829 
0.248 
0.203 
0.483 

Iron 
..: 

D-125 

p 
Manganese •• . ·.• Redox pot~nfoll 

R2 •.. p • ·•• R~ • • •• • ••• · P 
0.000 0.181 0.000 -0.147 0.001 
0.896 0.001 0.990 -0.037 0.403 
0.665 0.073 0.102 0.153 0.001 
0.000 0.218 0.000 -0.152 0.001 
0.001 0.004 0.935 -0.188 0.000 
0.119 -0.091 0.040 -0.008 0.851 
0.725 -0.008 0.925 -0.003 0.972 
0.000 0.116 0.008 -0.202 0.000 
0.211 -0.123 0.005 -0.028 0.535 
0.000 0.100 0.024 -0.046 0.302 
0.000 0.431 0.000 0.003 0.953 
0.197 0.201 0.015 0.004 0.959 
0.009 -0.010 0.814 0.058 0.187 
0.394 -0.078 0.077 -0.068 • 0.123 
0.000 0.521 0.000 0.084 0.058 
0.007 0.183 0.000 0.058 0.190 
0.000 -0.197 0.000 0.077 0.082 
0.000 0.023 0.608 -0.257 0.000 
0.000 0.222 0.000 0.051 0.253 
0.000 -0.014 0.755 0.274 0.000 
0.264 -0.186 0.000 -0.120 0.020 

0.413 0.000 -0.410 0.000 
0.931 0.050 0.258 0.056 0.204 
0.000 0.185 0.000 -0.086 0.053 
0.000 0.325 0.000 -0.075 0.092 
0.000 0.004 0.931 
0.178 -0.117 0.073 -0.076 0.244 
0.017 0.052 0.243 -0.101 0.022 
0.002 0.156 0.000 0.025 0.578 
0.000 -0.205 0.000 0.283 0.000 
0.503 -0.327 0.067 -0.255 0.159 
0.000 -0.355 0.000 -0.139 0.002 
0.000 0.130 0.003 -0.382 0.000 
0.000 0.251 0.000 -0.135 0.002 
0.000 0.004 0.931 
0.002 0.194 0.000 -0.050 0.260 
0.025 -0.072 0.105 -0.030 0.494 
0.000 0.304 0.000 -0.126 0.004 
0.324 -0.063 0.154 -0.041 0.353 
0.000 -0.001 0.983 -0.177 0.000 
0.000 0.236 0.000 -0.120 0.006 
0.000 0.246 0.000 -0.205 0.000 
0.000 0.259 0.000 0.004 0.938 
0.000 0.273 0.000 -0.009 0.846 
0.002 0.193 0.000 0.006 0.897 
0.000 0.251 0.000 -0.040 0.370 
0.669 0.148 0.001 0.070 0.115 
0.532 0.154 0.063 0.005 0.949 
0.001 0.074 0.095 0.003 0.942 
0.000 0.238 0.000 -0.085 0.055 
0.000 0.186 0.000 -0.170 0.000 
0.000 -0.024 0.597 -0.330 0.000 
0.544 0.049 0.726 0.105 0.453 
0.000 0.310 0.000 -0.263 0.000 
0.000 0.202 0.000 0.026 0.551 
0.000 0.231 0.000 -0.031 0.482 
0.000 0.069 0.410 -0.232 0.005 



Table D.105: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the surficial Quaternary aquifer group. 

·······,, 
1 • ..• Dissolved Oxygen :>:il':Rt Iron • • : Manganese • ., .,. ... Redox.;pc>tential 

.•• J>aramefof • ,. .. ·.· . n:•.••:••. :>\,p (:>• ··•········· •·. p .• ,. :<Rf 'i•· // p· • R.~ <> >'1k 
Alkalinity 0.106 0.245 0.167 0.066 0.145 0.111 -0.050 0.588 
Aluminum (Al) -0.277 0.002 0.149 0.102 0.005 0.959 0.026 0.774 
Antimony (Sb) 0.136 0.137 -0.292 0.001 -0.124 0.175 0.330 0.000 
Arsenic (As) -0.232 0.010 0.337 0.000 0.299 0.001 -0.253 0.005 
Barium (Ba) -0.188 0.037 0.425 0.000 0.278 0.002 -0.405 0.000 
Beryllium (Be) -0.323 0.000 0.342 0.000 0.090 0.327 -0.156 0.087 
Bismuth (Bi) 

_. - - - - - - -
Boron (B) -0.192 0.034 0.068 0.457 0.166 0.067 0.044 0.632 
Bromide (Br) - - - - - - - -
Cadmium (Cd) -0.128 0.160 -0.099 0.277 -0.023 .0.798 0.100 0.273 
Calcium (Ca) 0.196 0.030 0.023 0.800 0.153 0.092 0.060 0.510 
Cesium (Cs) -0.146 0.351 0.314 0.040 0.168 0.280 -0.195 0.211 
Chloride (Cl) 0.300 0.001 -0.147 0.105 0.034 0.709 0.105 0.248 
Chromium (Cr) 0.222 0.014 0.102 0.266 0.015 0.868 -0.014 0.880 
Cobalt (Co) 0.056 0.544 0.164 0.071 0.295 0.001 0.050 0.584 
Copper (Cu) 0.136 0.135 -0.141 0.121 -0.157 0.084 • 0.179 0.048 
Day -0.279 0.002 0.168 0.064 -0.039 0.669 -0.149 0.100 
Depth -0.100 0.271 0.082 0.368 0.013 0.885 -0.108 0.234 
Diameter 0.165 0.069 -0.150 0.097 -0.116 0.203 0.209 0.021 
Dissolved Oxygen - - -0.259 0.004 -0.197 0.029 0.287 0.001 
Fluoride (F) -0.079 0.504 0.145 0.218 0.038 0.750 0.006 0.957 
Iron (Fe) -0.259 0.004 - - 0.563 0.000 -0.549 0.000 
Lead (Pb) 0.200 0.028 -0.114 0.214 -0.073 0.428 0.196 0.031 
Lithium (Li) -0.102 0.260 0.171 0.059 0.060 0.507 0.001 0.989 
Magnesium (Mg) 0.115 0.206 0.041 0.656 0.086 0.342 0.019 0.832 
Manganese (Mn) -0.197 0.029 0.563 0.000 - - -0.230 0.011 
Mercury (Hg) 0.206 0.197 -0.252 0.113 -0.200 0.210 0.166 0.299 
Molybdenum (Mo) 0.058 0.521 0.004 0.965 0.000 0.997 0.152 0.093 
Nickel (Ni) -0.065 0.472 0.065 0.473 0.031 0.732 0.027 0.771 
Nitrate (NO3) 0.397 0.000 -0.654 0.000 -0.464 0.000 0.544 0.000 
Ortho-phosphate -0.377 0.461 -0.899 0.015 -0.899 0.oI5 -0.058 0.913 
pH -0.200 0.027 -0.211 0.019 -0.230 0.011 -0.123 0.177 
Phosphorustotal -0.239 0.008 0.631 0.000 0.421 0.000 -0.315 0.000 
Potassium (K) -0.001 0.989 0.252 0.005 0.210 0.020 -0.010 0.913 
Redox/Eh 0.287 0.001 -0.549 0.000 -0.230 0.011 - -
Rubidium (Rb) -0.021 0.818 0.033 0.720 0.073 0.422 -0.034 0.706 
Selenium (Se) 0.103 0.260 0.033 0.717 0.125 0.171 -0.154 0.090 
Silicate (Si) 0.007 0.942 0.425 0.000 0.258 0.004 -0.200 0.027 
Silver (Ag) -0.087 0.341 -0.052 0.572 -0.145 0.111 -0.108 0.239 
Sodium (Na) 0.001 0.992 -0.131 0.148 0.024 0.796 0.150 0.099 
Specific Conductivity 0.201 0.026 0.043 0.638 0.119 0.191 -0.007 0.940 
Strontium (Sr) -0.082 0.365 0.171 0.059 0.285 0.001 -0.040 0.665 
Sulfate (SO4) 0.259 0.004 -0.314 0.000 -0.003 0.971 0.221 0.014 
Sulfur (S) 0.264 0.003 -0.295 0.001 0.018 0.841 0.207 0.022 
SWL 0.074 0.415 -0.055 0.547 -0.155 0.088 -0.036 0.692 
Temperature -0.048 0.600 0.021 0.818 0.161 0.075 -0.114 0.211 
Thallium (Tl) 0.323 0.000 -0.258 0.004 -0.068 0.460 0.182 0.045 
Tin (Sn) 0.414 0.006 -0.003 0.985 -0.003 0.985 -0.013 0.932 
Titanium (Ti) -0.151 0.095 0.152 0.092 -0.021 0.818 0.037 0.689 
Total dissolved solids 0.170 0.060 0.006 0.944 0.140 0.122 0.061 0.500 
Total organic carbon -0.152 0.093 0.470 0.000 0.405 0.000 -0.084 0.356 
Total phosphate -0.052 0.575 0.446 0.000 0.233 0.011 -0.220 0.017 
Tritium 0.048 0.910 0.095 0.823 0.244 0.560 -0.143 0.736 
Total suspended solids -0.309 0.001 0.818 0.000 0.511 0.000 -0.438 0.000 
Vanadium (V) -0.102 0.260 0.162 0.074 0.040 0.661 0.063 0.492 
Zinc (Zn) 0.088 0.331 0.106 0.245 0.039 0.668 -0.063 0.486 
Zirconium (Zr) -0.182 0.244 0.732 0.000 0.405 0.007 -0.435 0.004 
1 Insufficient sample size or no samples collected 
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Table D.106: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the CFIG-CFRN-CIGL aquifer group. 

• >··· ··•< < <'·' Dissolved Oxygen • •••• • ,Iron [ , .•• , ••• < Mang~11es~ •• Redox pot~11tial 
- <.,. :.· 

R~< > ··• ·•···•·• P ••· R2 1•c Ji.· • R2i· .. ·•·:· ••· ••: .• P··•• .· R.2 ./• ·······•\\p 1: .... ·:> ....... ?• . ..• 

Alkalinity -0.350 0.027 0.515 0.001 0.371 0.018 -0.367 0.020 
Aluminum (Al) 0.013 0.938 -0.136 0.409 0.326 0.043 -0.011 0.945 
Antimony (Sb) -0.269 0.097 0.189 0.249 -0.006 0.973 0.253 0.120 
Arsenic (As) -0.273 0.092 0.431 0.006 0.362 0.023 -0.284 0.079 
Barium(Ba) -0.361 0.022 0.479 0.002 0.212 0.189 -0.149 0.360 
Beryllium (Be) -0.239 0.143 0.357 0.026 0.261 0.109 -0.384 0.016 
Bismuth (Bi) -0.205 0.431 0.000 0.000 0.306 0.232 -0.204 0.432 
Boron (B) -0.567 0.000 0.552 0.000 0.277 0.084 -0.394 0.012 
Bromide (Br) - - - - - - - -
Cadmium (Cd) 0.123 0.455 -0.219 0.180 -0.190 0.248 0.236 0.147 
Calcium (Ca) -0.276 0.085 0.348 0.028 0.208 0.197 -0.325 0.041 
Cesium (Cs) -0.553 0.021 0.572 0.016 -0.221 0.395 0.085 0.747 
Chloride (Cl) 0.090 0.579 -0.443 0.004 -0.155 0.341 0.237 0.140 
Chromium (Cr) 0.517 0.001 -0.159 0.335 -0.420 0.008 -0.132 0.423 
Cobalt (Co) -0.510 0.001 0.273 0.093 0.586 0.000 -0.239 0.143 
Copper (Cu) 0.140 0.389 -0.282 0.o78 -0.205 0.205 0.332 0.037 
Day -0.364 0.021 0.060 0.711 0.488 0.001 -0.315 0.048 
Depth 0.155 0.339 0.210 0.193 -0.326 0.040 -0.004 0.981 
Diameter -0.336 0.034 0.207 0.200 -0.021 0.896 -0.130 0.425 
Dissolved Oxygen - - -0.434 0.005 -0.522 0.001 0.320 0.044 
Fluoride (F) 0.293 0.123 0.011 0.954 -0.278 0.144 -0.162 0.400 
Iron (Fe) -0.434 0.005 - - 0.414 0.008 -0.458 0.003 
Lead (Pb) 0.207 0.206 -0.237 0.146 -0.191 0.245 0.225 0.168 
Lithium (Li) -0.524 0.001 0.425 0.006 0.337 0.034 -0.101 0.534 
Magnesium (Mg) -0.062 0.706 0.364 0.021 0.057 0.727 -0.187 0.248 
Manganese (Mn) -0.522 0.001 0.414 0.008 - - -0.416 0.008 
Mercury (Hg) -0.075 0.741 0.449 0.036 0.449 0.036 -0.498 0.018 
Molybdenum (Mo) -0.066 0.687 -0.009 0.956 -0.002 0.990 -0.029 0.860 
Nickel (Ni) 0.173 0.286 -0.014 0.933 -0.303 0.057 0.302 0.058 
Nitrate (NO3) 0.493 0.001 -0.624 0.000 -0.654 0.000 0.398 0.011 
Ortho-phosphate 0.300 0.370 -0.300 0.370 -0.301 0.369 0.500 0.117 
pH 0.247 0.124 -0.446 0.004 -0.249 0.121 0.239 0.137 
Phosphorustotal -0.446 0.004 0.394 0.012 0.438 0.005 -0.306 0.055 
Potassium (K) -0.598 0.000 0.573 0.000 0.293 0.066 -0.296 0.064 
Redox/Eh 0.320 0.044 -0.458 0.003 -0.416 0.008 - -
Rubidium (Rb) -0.034 0.834 0.225 0.163 0.024 0.882 0.116 0.475 
Selenium (Se) 0.188 0.281 0.223 0.199 -0.174 0.316 · -0.228 0.188 
Silicate (Si) -0.165 0.310 -0.129 0.427 0.370 0.019 -0.110 0.499 
Silver (Ag) -0.089 0.591 0.028 0.865 0.137 0.406 0.261 0.108 
Sodium (Na) -0.481 0.002 0.327 0.039 0.279 0.081 -0.335 0.034 
Specific Conductivity -0.247 0.124 0.293 0.067 0.125 0.441 -0.316 0.047 
Strontium (Sr) -0.523 0.001 0.483 0.002 0.357 0.024 -0.378 0.016 
Sulfate (SO4) -0.196 0.226 0.417 0.007 -0.047 0.772 -0.065 0.690 
Sulfur (S) -0.221 0.171 0.449 0.004 -0.044 0.790 -0.096 0.555 
SWL 0.269 0.093 -0.007 0.965 -0.339 0.033 0.207 0.200 
Temperature -0.055 0.738 0.071 0.665 -0.205 0.205 0.241 0.134 
Thallium (Tl) -0.104 0.530 -0.176 0.285 0.218 0.183 -0.169 0.304 
Tin (Sn) 0.070 0.789 -0.196 0.452 0.471 0.056 -0.239 0.356 
Titanium (Ti) 0.196 0.225 -0.160 0.325 -0.245 0.128 0.330 0.037 
Total dissolved solids -0.280 0.084 0.296 0.068 0.127 0.441 -0.298 0.066 
Total organic carbon -0.183 0.257 0.246 0.126 0.019 0.906 -0.279 0.081 
Total phosphate -0.107 0.581 0.407 0.028 0.176 0.362 -0.206 0.284 
Tritium 0.457 0.028 -0.618 0.002 -0.657 0.001 0.364 0.088 
Total suspended solids -0.261 0.109 0.856 0.000 0.372 0.020 -0.367 0.022 
Vanadium (V) -0.135 0.406 -0.078 0.632 -0.069 0.671 0.180 0.268 
Zinc (Zn) 0.069 0.671 0.279 0.082 -0.183 0.257 0.242 0.133 
Zirconium (Zr) 0.079 0.764 Q.410 0.102 0.100 0.701 -0.061 0.818 
' Insufficient sample size or no samples collected 
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. Table D.107: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the OSTP-OPDC-CJDN aquifer group. 
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Alkalinity -0.226 0.032 0.506 0.000 0.504 0.000 -0.222 0.o35 
Aluminum (Al) 0.191 0.077 -0.114 0.294 -0.129 0.235 -0.038 0.729 
Antimony (Sb) -0.086 0.430 0.151 0.164 0.110 0.309 -0.041 0.707 
Arsenic (As) -0.198 0.065 0.414 0.000 0.431 0.000 -0.288 0.007 
Barium (Ba) -0.297 0.004 0.372 0.000 0.429 0.000 -0.294 0.005 
Beryllium (Be) -0.275 0.010 0.103 0.344 0.258 0.016 -0.153 0.158 
Bismuth (Bi) -0.013 0.948 0.333 0.096 0.229 0.261 0.040 0.846 
Boron (B) -0.275 0.009 0.473 0.000 0.549 0.000 -0.242 0.022 
Bromide (Br) - - - - - - - -
Cadmium (Cd) 0.245 0.022 -0.116 0.284 -0.345 0.001 0.231 0.031 
Calcium (Ca) -0.168 0.114 0.456 0.000 0.411 0.000 -0.153 0.151 
Cesium (Cs) 0.237 0.245 0.094 0.648 -0.184 0.369 0.014 0.945 
Chloride (Cl) 0.234 0.026 -0.325 0.002 -0.297 0.004 0.143 0.179 
Chromium (Cr) 0.454 0.000 -0.385 0.000 -0.487 0.000 0.281 0.009 
Cobalt (Co) -0.221 0.040 0.263 0.014 0.448 0.000 -0.175 0.105 
Copper (Cu) 0.155 0.146 0.010 0.926 -0.107 0.318 0.087 0.414 
Day -0.404 0.000 0.114 0.283 0.343 0.001 -0.474 0.000 
Depth -0.016 0.884 0.081 0.446 -0.035 0.745 0.041 0.701 . 
Diameter 0.085 0.425 -0.050 0.640 0.049 0.644 0.044 0.681 
Dissolved Oxygen - - -0.450 0.000 -0.604 0.000 0.565 0.000 
Fluoride (F) 0.203 0.129 -0.180 0.181 -0.258 0.053 0.043 0.752 
Iron (Fe) -0.450 0.000 - - 0.738 0.000 -0.550 0.000 
Lead (Pb) 0.371 0.000 -0.179 0.098 -0.397 0.000 0.460 0.000 
Lithium (Li) -0.183 0.084 0.429 0.000 0.467 0.000 -0.269 0.010 
Magnesium (Mg) -0.096 0.366 0.305 0.003 0.403 0.000 -0.167 0.115 
Manganese (Mn) -0.604 0.000 0.738 0.000 - - -0.615 0.000 
Mercury (Hg) 0.273 0.035 -0.197 0.132 -0.204 0.118 0.209 0.110 
Molybdenum (Mo) -0.146 0.169 -0.021 0.847 0.169 0.112 -0.219 0.o38 
Nickel (Ni) 0.o35 0.741 -0.131 0.219 -0.068 0.526 0.002 0.984 
Nitrate (NO3) 0.553 0.000 -0.638 0.000 -0.723 0.000 0.588 0.000 
Ortho-phosphate 0.272 0.070 -0.317 0.034 -0.254 0.093 0.187 0.220 
pH 0.137 0.197 -0.304 0.004 -0.236 0.025 -0.036 0.735 
Phosphorustotal -0.299 0.004 0.456 0.000 0.473 0.000 -0.388 0.000 
Potassium (K) -0.270 0.010 0.442 0.000 0.489 0.000 -0.330 0.001 
Redox/Eh 0.565 0.000 -0.550 0.000 -0.615 0.000 - -
Rubidium (Rb) 0.073 0.491 -0.147 0.166 -0.140 0.188 0.069 0.520 
Selenium (Se) 0.063 0.625 0.109 0.397 0.136 0.286 0.175 0.170 
Silicate (Si) -0.147 0.167 0.112 0.293 0.296 0.005 -0.231 0.029 
Silver (Ag) -0.107 0.323 -0.058 0.593 0.022 0.839 -0.257 0.016 
Sodium (Na) -0.280 0.008 0.408 0.000 0.530 0.000 -0.323 0.002 
Specific Conductivity -0.226 0.032 0.473 0.000 0.426 0.000 -0.261 0.013 
Strontium (Sr) -0.379 0.000 0.596 0.000 0.611 0.000 -0.358 0.001 
Sulfate (SO4) -0.039 0.975 0.296 0.002 0.261 0.013 -0.063 0.556 
Sulfur (S) -0.003 0.713 0.327 0.005 0.241 0.022 -0.084 0.431 
SWL 0.262 0.013 -0.067 0.530 -0.194 0.067 0.265 0.012 
Temperature -0.289 0.006 0.116 0.276 0.182 0.082 -0.305 0.003 
Thallium (Tl) 0.032 0.769 -0.230 0.032 -0.042 0.698 -0.081 0.454 
Tin (Sn) 0.057 0.783 -0.065 0.752 -0.107 0.602 0.140 0.494 
Titanium (Ti) 0.061 0.570 -0.112 0.292 -0.057 0.595 -0.012 0.913 
Total dissolved solids -0.106 0.325 0.332 0.001 0.369 0.000 • -0.146 0.171 
Total organic carbon 0.082 0.444 0.307 0.003 0.145 0.173 0.o45 0.672 
Total phosphate -0.320 0.032 0.449 0.002 0.293 0.051 -0.249 0.100 
Tritium 0.191 0.167 -0.235 0.087 -0.358 0.008 0.117 0.399 
Total suspended solids -0.192 0.072 0.670 0.000 0.497 0.000 -0.278 0.008 
Vanadium (V) -0.086 0.419 0.042 0.692 0.o90 0.398 -0.190 0.073 
Zinc (Zn) 0.127 0.235 0.194 0.067 -0.022 0.841 0.258 0.014 
Zirconium (Zr) 0.017 0.936 0.o78 0.705 -0.099 0.631 -0.098 0.633 
' Insufficient sample size or no samples collected 
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Table D.108: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the CMSH-CMTS-P:MHN aquifer group. 
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Alkalinity -0.009 0.966 0.319 0.112 0.143 0.485 -0.346 0.084 
Aluminum (Al) 0.103 0.615 -0.007 0.975 0.143 0.487 0.296 0.142 
Antimony (Sb) 0.019 0.927 0.071 0.732 0.090 0.661 -0.118 0.566 
Arsenic (As) -0.417 0.034 0.618 0.001 0.466 0.016 -0.278 0.169 
Barium (Ba) -0.089 0.664 0.386 0.051 0.133 0.517 -0.278 0.168 
Beryllium (Be) -0.136 0.509 0.517 0.007 0.273 0.178 -0.033 0.873 
Bismuth (Bi) - - - - - - - -
Boron (B) -0.258 0.203 0.379 0.056 0.232 0.254 -0.338 0.092 
Bromide (Br) -0.307 0.127 0.173 0.397 0.200 0.327 0.333 0.096 
Cadmium (Cd) -0.212 0.299 0.240 0.238 0.505 0.009 -0.068 0.743 
Calcium (Ca) 0.129 0.531 0.370 0.063 0.226 0.266 -0.215 0.291 
Cesium (Cs) -0.019 0.943 0.203 0.434 0.088 0.737 -0.460 0.063 
Chloride (Cl) 0.149 0.467 -0.067 0.746 -0.117 0.570 0.320 0.111 
Chromium (Cr) 0.282 0.162 0.189 0.356 -0.027 0.895 -0.009 0.967 
Cobalt (Co) -0.367 0.065 0.511 0.008 0.738 0.000 -0.043 0.835 
Copper (Cu) -0.128 0.535 -0.187 0.360 0.277 0.171 -0.094 0.647 
Day 0.028 0.894 -0.464 0.017 -0.016 0.938 0.076 0.712 
Depth -0.315 0.117 0.170 0.408 0.256 0.206 -0.395 0.046 
Diameter 0.279 0.167 -0.059 0.776 -0.371 0.062 -0.051 0.806 
Dissolved Oxygen - - -0.193 0.345 -0.283 0.162 0.246 0.226 
Fluoride (F) -0.352 0.117 0.354 0.116 0.154 0.506 -0.315 0.165 
Iron (Fe) -0.193 0.345 - - 0.536 0.005 -0.141 0.493 
Lead (Pb) 0.083 0.686 -0.080 0.700 0.076 0.711 -0.110 0.594 
Lithium (Li) -0.255 0.209 0.157 0.445 0.240 0.238 -0.067 0.746 
Magnesium (Mg) 0.102 0.621 0.411 0.037 0.220 0.280 -0.215 0.291 
Manganese (Mn) -0.283 0.162 0.536 0.005 - - 0.024 0.908 
Mercury (Hg) - - - - - - - -
Molybdenum (Mo) -0.201 0.326 -0.162 0.430 0.143 0.487 0.101 0.624 
Nickel (Ni) 0.042 0.838 0.074 0.719 0.055 0.789 0.220 0.281 
Nitrate (NO3) 0.591 0.001 -0.570 0.002 -0.436 0.026 0.339 0.091 
Ortho-phosphate - - - - - - - -
pH -0.314 0.118 -0.247 0.224 -0.145 0.479 -0.423 0,031 
Phosphorustotal -0.037 0.859 0.523 0.006 0.450 0.021 -0.149 0.468 
Potassium (K) -0.138 0.502 0.362 0.069 0.153 0.455 -0.220 0.280 
Redox/Eh 0.246 0.226 -0.141 0.493 0.024 0.908 - -
Rubidium (Rb) -0.181 0.377 -0.140 0.496 -0.022 0.917 -0.013 0.950 
Selenium (Se) 0.249 0.220 -0.058 0.777 0.064 0.755 0.128 0.535 
Silicate (Si) 0.342 0.088 0.292 0.148 0.374 0.060 0.163 0.426 
Silver (Ag) 0.005 0.982 0.054 0.795 -0.005 0.979 -0.435 0.026 
Sodium (Na) -0.301 0.136 0.220 0.281 0,075 0.717 -0.234 0.250 
Specific Conductivity 0.135 0.512 0.469 0.016 0.238 0.241 -0.137 0.505 
Strontium (Sr) -0.139 0.497 0.400 0.043 0.176 0.389 -0.265 0.191 
Sulfate (SO4) 0.090 0.610 0.051 0.856 -0.154 0.450 -0.017 0.997 
Sulfur (S) 0.105 0.662 0.037 0.805 -0.155 0.454 -0.001 0.934 
SWL -0.184 0.369 0.121 0.556 -0.0002 0.999 0.078 0.704 
Temperature -0.012 0.952 0.177 0.386 0.268 0.185 0.020 0.922 
Thallium (Tl) -0.244 0.229 0.059 0.773 -0.133 0.517 -0.357 0.073 
Tin (Sn) -0.017 0.947 0.248 0.337 -0.077 0.769 -0.303 0.237 
Titanium (Ti) -0.087 0.673 0.002 0.991 0.293 0.147 0.023 0.910 
Total dissolved solids 0.049 0.811 0.303 0.132 0.176 0.391 -0.215 0.293 
Total organic carbon -0.237 0.243 0.726 0.000 0.317 0.114 0.082 0.690 
Total phosphate -0.049 0.814 0.342 0.087 0.337 0.093 -0.155 0.450 
Tritium 0.561 0.024 -0.058 0.830 -0.036 0.896 0.459 0.074 
Total suspended solids 0.132 0.520 0.662 0.000 0.252 0.214 -0.223 0.273 
Vanadium (V) -0.073 0.722 0.158 0.441 0.333 0.097 0.121 0.556 
Zinc (Zn) -0.161 0.433 0.412 0.036 0.503 0.009 -0.100 0.626 
Zirconium (Zr) -0.012 0.963 0.430 0.085 0.359 0.157 0.114 0.663 
' Insufficient sample size or no samples collected 
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Table D.109: Correlation coefficients between chemical parameters dissolved oxygen, iron, 
manganese, and oxidation-reduction potential, for the Upper Carbonate aquifer group . 

.. •;:::.·.;.. ··:>::.:.••:;:,::: • .. ..•• 
••. -·· ... ;. ; 
" .. :·.. .. . : • .. •. 

• Dissolved Oxygen 
R2 • ·: .. •• ,p . 

Alkalinity -0.383 0.021 
Aluminum (Al) -0.213 0.213 
Antimony (Sb) 0.097 0.575 
Arsenic (As) -0.317 0.059 
Barium (Ba) -0.193 0.261 
Beryllium (Be) -0.130 0.452 

• Bismuth (Bi) 1.000 0.000 
Boron (B) -0.418 0.011 
Bromide (Br) 
Cadmium (Cd) -0.148 0.388 
Calcium (Ca) -0.069 0.687 
Cesium (Cs) 1.000 0.000 
Chloride (Cl) 0.295 0.086 
Chromium (Cr) 0.395 0.017 
Cobalt (Co) -0.175 0.308 
Copper (Cu) 0.032 0.854 
Day -0.377 0.023 
Depth -0.209 0.221 
Diameter 0.045 0.796 
Dissolved Oxygen 
Fluoride (F) 0.264 0.138 
Iron (Fe) -0.255 0.134 
Lead (Pb) 0.031 . 0.856 
Lithium (Li) -0.208. 0.223 
Magnesium (Mg) -0.170 0.322 
Manganese (Mn) -0.259 0.127 
Mercury (Hg) 0.009 0.960 
Molybdenum (Mo) -0.213 0.212 
Nickel (Ni) -0.075 0.662 
Nitrate (NO3) 0.545 0.001 
Ortho-phosphate -0.263 0.161 
pH 0.114 0.507 
Phosphorustotal -0.342 0.041 
Potassium (K) -0.283 0.094 
Redox/Eh 0.377 0.024 
Rubidium (Rb) 0.468 0.004 
Selenium (Se) -0.003 0.987 
Silicate (Si) -0.292 0.084 
Silver (Ag) 0.106 0.537 
Sodium (Na) -0.277 0.102 
Specific Conductivity -0.082 0.634 
Strontium (Sr) -0.447 0.006 
Sulfate (SO4) 0.158 0.363 
Sulfur (S) 0.128 0.459 
SWL -0.216 0.207 
Temperature -0.274 0.106 
Thallium (Tl) 0.187 0.275 
Tin (Sn) -1.000 0.000 
Titanium (Ti) 0.096 0.578 
Total dissolved solids -0.143 0.414 
Total organic carbon -0.255 0.134 
Total phosphate -0.029 0.957 
Tritium 0.238 0.456 
Total suspended solids -0.358 0.035 
Vanadium (V) -0.023 0.895 
Zinc (Zn) -0.072 0.678 
Zirconium (Zr) -1.000 0.000 
' Insufficient sample size or no samples collected 

0.196 
0.206 

-0.186 
0.215 
0.404 
0.196 
1.000 
0.040 

0.396 
0.168 
1.000 

-0.483 
-0.330 
-0.245 
-0.115 
0.176 
0.276 
0.017 

-0.255 
-0.225 

-0.022 
-0.012 
0.012 
0.122 
0.208 

-0.081 
-0.309 
-0.511 
0.412 

-0.005 
0.645 

-0.149 
-0.527 
-0.420 
-0.010 
-0.119 
-0.305 
0.079 
0.032 
0.083 

-0.238 
-0.288 
-0.052 
-0.038 
-0.268 
-1.000 
-0.504 
0.045 
0.471 
0.319 

-0.270 
0.809 

-0.356 
-0.048 
-1.000 

Iron 
.: 
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0.252 
0.228 
0.277 
0.208 
0.015 
0.252 
0.000 
0.819 

0.017 
0.328 
0.000 
0.003 
0.049 
0.149 
0.503 
0.306 
0.103 
0.920 
0.134 
0.208 

0.899 
0.944 
0.944 
0.480 
0.245 
0.639 
0.067 
0.001 
0.024 
0.979 
0.000 
0.385 
0.001 
0.011 
0.959 
0.488 
0.070 
0.647 
0.855 
0.632 
0.168 
0.088 
0.764 
0.826 
0.114 
0.000 
0.002 
0.798 
0.004 
0.538 
0.397 
0.000 
0.033 
0.780 
0.000 

. M~11ganese, • . 
R7L : ••• •. ··:· .. p 

... >: .. ··Red ox :ptltential 
• ··.··:a~.<:•·: ::::>:.;J> 

0.111 0.520 -0.350 0.037 
0.157 0.360 -0.311 0.065 
0.139 0.419 0.070 0.686 
0.153 0.372 -0.492 0.002 

-0.104 0.547 -0.237 0.164 
0.008 0.964 -0.106 0.540 
1.000 0.000 1.000 0.000 
0.067 0.696 -0.357 0.033 

0.188 0.273 -0.252 0.138 
0.019 0.912 0.205 0.229 
1.000 0.000 1.000 0.000 
0.017 0.924 0.492 0.003 

-0.328 0.051 0.555 0.000 
0.323 0.055 -0.019 0.915 

-0.178 0.299 0.084 0.627 
0.241 0.157 -0.488 0.003 

-0.172 0.316 -0.204 0.233 
-0.330 0.049 0.243 0.153 
-0.259 0.127 0.377 0.024 
-0.164 0.361 0.324 0.066 
0.122 0.480 -0.527 0.001 

-0.068 0.692 0.128 0.457 
0.037 0.831 -0.064 0.710 

-0.062 0.718 -0.131 0.446 
-0.028 0.873 

-0.034 0.851 -0.115 0.523 
-0.025 0.884 -0.259 0.127 
-0,327 0.051 0.114 0.508 
-0.530 0.001 0.521 0.001 
-0.185 0.327 -0.485 0.007 
-0.123 0.474 -0.350 0.036 
0.129 0.454 -0.568 0.000 
0.027 0.876 -0.156 0.364 

-0.028 0.873 
-0.432 0.009 0.433 0.008 
-0.257 0.178 0.107 0.582 
0.278 0.101 -0.214 0.211 
0.200 0.242 -0.050 0.774 
0.028 0.870 -0.277 0.102 

-0.018 0.918 -0.005 0.979 
0.074 0.667 -0.402 0.oI5 
0.126 0.472 0.322 0.059 
0.156 0.365 0.351 0.036 

-0.065 0.708 -0.050 0.773 
0.016 0.925 -0.168 0.327 
0.149 0.387 0.048 0.780 

-1.000 0.000 -1.000 0.000 
-0.300 0.076 0.337 0.045 
-0.011 0.948 -0.067 0.704 
0.130 0.449 -0.144 0.401 

-0.145 0.784 -0.609 0.200 
-0.189 0.556 0.144 0.656 
0.261 0.131 -0.456 0.006 

-0.347 0.038 0.204 0.233 
. -0.092 0.593 0.171 0.319 
-1.000 0.000 -1.000 0.000 



Table D.110: Summary of the number and sign of significant correlations, by chemical parameter, 
for age-based aquifer groups, for dissolved oxygen, iron, manganese, and redox potential. The 
average score is equal to (iron+ manganese - dissolved oxygen - redox)/n. 

Parameter ., Dissolved '' lrrin ) • Manganese Jledox pot~ntial ·Average ·s~ore '' 
' :., 

1:::' 
', 

Oxygen <; ·,' 
,, ', :, : ,: : ,,, , .. ' 

' 

Alkalinity -2 2 4 -3 2.75 
Aluminum (Al) -1 0 0 0 0.25 
Antimony (Sb) -1 -2 0 3 -1.00 
Arsenic (As) -5 4 4 -4 4.25 
Barium (Ba) -4 4 4 -4 4.00 
Beryllium (Be) -4 4 0 -1 2.25 
Bismuth (Bi) 0 0 0 0 0.00 
Boron (B) -4 2 3 -5 3.50 
Bromide (Br) -1 1 -1 0 0.25 
Cadmium (Cd) -1 0 0 1 0.00 
Calcium (Ca) 1 2 5 0 1.50 
Cesium (Cs) 0 4 1 -1 1.50 
Chloride (Cl) 3 -2 -2 2 -2.25 
Chromium (Cr) 4 0 -2 1 -1.75 
Cobalt (Co) -1 3 6 0 2.50 
Copper (Cu) 0 0 0 1 -0.25 
Diameter 1 0 1 1 -0.25 
Dissolved Oxygen - -4 -4 5 -4.33 
Fluoride (F) 0 0 -2 -2 0.00 
Iron (Fe) -4 - 6 -5 5.00 
Lead (Pb) 4 1 -2 3 -2.00 
Lithium (Li) -1 2 4 -1 2.00 
Magnesium (Mg) 0 2 4 0 1.50 
Manganese (Mn) -4 6 - -3 4.33 
Mercury (Hg) 2 0 0 0 -0.50 
Molybdenum (Mo) 0 0 1 -1 0.50 
Nickel (Ni) -1 1 1 1 0.50 
Nitrate (NO3) 6 -6 -6 6 -6.00 
Ortho-phosphate 1 -3 -2 -1 -1.25 
pH -2 -4 -4 -3 -0.75 
Phosphorus total -4 6 5 -5 5.00 
Potassium (K) -2 4 4 -2 3.00 
Redox/Eh 5 -6 -3 - -4.67 
Rubidium (Rb) 0 -1 1 1 -0.25 
Selenium (Se) 1 1 -1 0 -0.25 
Silicate (Si) -1 2 5 -3 2.75 
Silver (Ag) -2 -1 0 0 0.25 
Sodium (Na) -3 2 2 -4 2.75 
Specific Conductivity 1 2 4 -2 1.75 
Strontium (Sr) -3 3 6 -3 3.75 
Sulfate (SO4) 3 -1 2 3 -1.25 
Sulfur (S) 1 -1 2 3 -0.75 
SWL 1 0 0 1 -0.50 
Temperature -1 0 4 0 1.25 
Thallium (Tl) 2 -3 1 1 -1.25 
Tin (Sn) 1 1 0 0 0.00 
Titanium (Ti) 1 -1 1 0 -0.25 
Total dissolved solids -1 1 4 0 1.50 
Total organic carbon -1 5 3 -1 2.50 
Total phosphate -1 6 3 -4 3.50 
Tritium 2 -1 -1 0 -1.00 
Total suspended solids -4 4 6 -5 4.75 
Vanadium (V) -1 2 2 0 1.25 
Zinc (Zn) 0 2 2 2 0.50 
Zirconium (Zr) 0 3 2 -2 1.75 
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Table D.111: Summary of water quality criteria, basis of criteria, and endpoints, by chemical 
parameter. 

Parameter• : Criteria •: .... •.<,· • B~sis, of criteria ,.. > << Endpoint .. ···•.•·· '/ . ·. < 

Alkalinity - - -
Aluminum (Al) 50 MCL -
Antimony (Sb) 6 HRL -
Arsenic (As) 50 MCL Cancer . 
Barium (Ba) 2000 HRL Cardiovascular/blood 
Beryllium (Be) 0.08 HRL Cancer 
Bismuth (Bi) - - -
Boron (B) 600 HRL Reproductive 
Bromide (Br) - - -
Cadmium (Cd) 4 HRL Kidney 
Calcium (Ca) - - -
Cesium (Cs) - - -
Chloride (Cl) 250000 SMCL -
Chromium (Cr) 20000' HRL -
Cobalt (Co) 30 HBV -
Copper (Cu) 1000 HBV -
Dissolved Oxygen - - -
Fluoride (F) 4000 MCL -
Iron (Fe) 300 SMCL -
Lead (Pb) 15 Action level at tap -
Lithium (Li) - - -
Magnesium (Mg) - - -
Manganese (Mn) 100 (1000)" HRL Central nervous system 
Mercury (Hg) 2 MCL -
Molybdenum (Mo) 30 HBV Kidney 
Nickel (Ni) 100 HRL -
Nitrate (NO3) 10000 HRL Cardiovascular/blood 
Ortho-phosphate - - -
pH - - -
Phosphorus10ta1 - - -
Potassium (K) - - -
Redox/Eh - - -
Rubidium (Rb) - - -
Selenium (Se) 30 HRL -
Silicate (Si) - - -
Silver (Ag) 30 HRL -
Sodium (Na) 250000 SMCL -
Specific Conductivity - - -
Strontium (Sr) 4000 HRL Bone 
Sulfate (SO4) 500000 MCL -
Sulfur (S) - - -
Temperature - - -
Thallium (Tl) 0.6 HRL Gastrointestinal/liver 
Tin (Sn) 4000 HRL Kidney; Gastrointestinal/liver 

• Titanium (Ti) - - -
Total dissolved solids - - -
Total organic carbon - - -
Total phosphate - - -
Total suspended solids - - -
Vanadium (V) 50 HRL -
Zinc (Zn) 2000 HRL -
Zirconium (Zr) - - -
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Table D.111 continued 

Parameter Criteria Basis of criteria Endpoint 
1, 1, 1-trichloroethane 600 HRL gi/liv 
1, 1-dichloroethane 70 HRL kid 
1, 1-dichloroethene 6 HRL gi/liv 
1,2-dichloroethane 4 HRL cancer 
1,2-dichloropropane 5 HRL cancer 
acetone 700 HRL cv/bld; !iv 
benzene 10 HRL cancer 
bromodichloromethane 6 HRL cancer 
chlorodibromomethane - - -
chloroform 60 HRL cancer 
dichlorodifluoromethane 1000 HRL bodyweight 
dichlorofluoromethane - - -
ethyl ether 1000 HRL body weight 
isopropylbenzene - - -
xylene 10000 HRL cns/pns 
methyl ethyl ketone 4000 HRL repro 
methylene chloride 50 HRL cancer 
naphthalene 300 HRL cv/bld 
tetrachloroethene 7 HRL cancer 
tetrahydrofuran 100 HRL gi/liv 
toluene 1000 HRL -kid; gi/liv 
trichloroethene 30 HRL cancer 
1,2,4-trimethylbenzene - - -
1,3,5-trimethylbenzene - - -
cis-1,2 dichloroethene 70 HRL cv/bld 
ethyl benzene 700 HRL kid; gi/liv 
n-butylbenzene - - -
n-propyl benzene - - -
p-isopropyltoluene - - -
styrene - - -
trichlorofluoromethane - - -
• Tnvalent chrommm 
2 The current HRL for manganese is 100, but calculations were made using a value of 1000 ug/L (MDH, 1997) 
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Table D.112: Summary of water quality exceedances for each chemical parameter, by aquifer and 
aquifer gro11p. 

:- .•. ,:-: ._ ... . ·,··· 
•·•••· :No. exceedances.ofcrittirfa • :i :: ::·•·•· ·"1>::()fsamples exce~dingi~f,iterisi •·• 

pi .,:, .• 

Canibriaii. Qrdo.vician Pr~c.ambri~ \ J,uried • .• . siidiciai ·cambrian Qfd9vi9.ian l'r¢canibr.iar :::,bt1rie4 •• •• • sµrfici~f • :\> / ·t • ' • . .· 
••• • • • • •• • • • •• • ' Qµateniary' ·Quaterii#y Qua~ernary Quaternary 

Alkalinity -· - - - - - - - - -
Aluminum (Al) 1 0 19 30 7 1.0 0.0 23.8 5.8 5.7 
Antimony (Sb) 0 0 0 1 0 0.0 0.0 0.0 0.2 0.0 
Arsenic (As) 0 0 0 7 1 0.0 0.0 0.0 1.4 0.8 
Barium (Ba) 0 0 0 0 1 0.0 0.0 0.0 0.0 0.8 
Beryllium (Be) 0 3 4 13 1 0.0 3.4 5.0 2.5 0.8 
Bismuth (Bi) - - - - - - - - - -
Boron (B) 0 0 10 40 20 0.0 0.0 12.5 7.8 16.3 
Bromide (Br) - - - - - - - - - -
Cadmium (Cd) 1 3 0 0 0 1.0 3.4 0.0 0.0 0.0 
Calcium (Ca) - - - - - - - - - -
Cesium (Cs) - - - - - - - - - -
Chloride (Cl) 0 0 1 4 2 0.0 0.0 1.3 0.8 1.6 
Chromium (Cr) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Cobalt (Co) 0 0 1 0 0 0.0 0.0 1.3 0.0 0.0 
Copper (Cu) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Dissolved Oxygen - - - - - - - - - -
Fluoride (F) 1 0 2 2 1 1.0 0.0 2.5 0.4 0.8 
Iron (Fe) 67 58 37 367 80 65.7 66.7 46.3 71.5 65.0 
Lead (Pb) 2 0 3 3 1 2.0 0.0 3.8 0.6 0.8 
Lithium (Li) - - - - - - - - - -
Magnesium (Mg) - - - - - - - - - -
Manganese (Mn) 2 1 5 22 7 2.0 1.1 6.3 4.3 5.7 
Mercury (Hg) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Molybdenum 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
(Mo) 
Nickel (Ni) 0 0 1 0 0 0.0 0.0 1.3 0.0 0.0 
Nitrate (NO3) 0 3 2 16 7 0.0 3.4 2.5 3.1 5.7 
Ortho-phosphate - - - - - - - - - -
pH - - - - - - - - - -
PhosphoruSu,w - - - - - - - - - -
Potassium (K) - - - - - - - - - -
Redox/Eh - - - - - - - - - -
Rubidium (Rb) - - - - - - - - - -
Selenium (Se) 0 0 2 3 2 0.0 0.0 2.5 0.6 1.6 
Silicate (Si) - - - - - - - - - -
Silver (Ag) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Sodium (Na) - - - - - - - - - -
Specific - - - - - - - - - -
Conductivity 
Strontium (Sr) 0.0 0.0 0.0 0.0 0.0 
Sulfate (SO4) 0 0 3 23 3 0.0 0.0 3.8 4.5 2.4 
Sulfur (S) - - - - - - - - - -
Temperature - - - - - - - - - -
Thallium (Tl) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Tin (Sn) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Titanium (Ti) - - - - - - - - - -
Total dissolved - - - - - - - - - -
solids 
Total organic - - - - - - - - - -
carbon 
Total phosphate - - - - - - - - - -
Total suspended - - - - - - - - - -
solids 
Vanadium (V) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Zinc (Zn) 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - - - -
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Table D.112 continued 

.. ... . · . No. exceedances of criteria 
.. . 

o/oofsample~ exceeding criteria. .• 

·Parameter CFIG CIGL CFRN CJDN CMSH CMTS CSLF CSTL CFIG CIGL CFRN CJDN CMSH CMTS CSLF CSTL 
Alkalinity - - - - - - - - - - - - - - - -
Aluminum (Al) I 0 0 0 0 0 0 0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Antimony (Sb) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Arsenic (As) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Barium (Ba) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Beryllium (Be) 0 1 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Bismuth (Bi) - - - - - - - - - - - - - - - -
Boron (B) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Bromide (Br) - - - - - - - - - - - - - - - -
Cadmium (Cd) 0 0 0 1 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Calcium (Ca) - - - - - - - - - - - - - - - -
Cesium (Cs) - - - - - - - - - - - - - - - -
Chloride (Cl) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Chromium (Cr) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cobalt (Co) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Copper (Cu) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Dissolved Oxygen - - - - . - - - - - - - - - - - -
Fluoride (F) 0 0 0 1 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Iron (Fe) 4 19 6 14 6 10 4 3 80.0 76.9 75.0 45.2 60.0 70.4 100 75.0 
Lead (Pb) 0 1 0 0 0 0 0 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 
Lithium (Li) - - - - - - - - - - - - - - - -
Magnesium (Mg) - - - - - - - - - - - - - - - -
Manganese (Mn) 1 0 0 0 1 0 0 0 20.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 
Mercury (Hg) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Molybdenum (Mo) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nickel (Ni) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nitrate (N03) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ortho-phosphate - - - - - - - - - - - - - - - -
pH - - - - - - - - - - - - - - - -
Phosphoru5uita1 - - - - - - - - - - - - - - - -
Potassium (K) - - - - - - - - - - - - - - - -
Redox/Eh - - - - - - - - - - - - - - - -
Rubidium (Rb) - - - - - - - - - - - - - - - -
Selenium (Se) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Silicate (Si) - - - - - - - - - - - - - - - -
Silver (Ag) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sodium (Na) - - - - - - - - - - - - - - - -
Specific Conductivity - - - - - - - - - - - - - - - -
Strontium (Sr) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfate (SO4) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfur (S) - - - - - - - - - - - - - - - -
Temperature - - - - - - - - - - - - - - - -
Thallium (Tl) 0 1 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Tin (Sn) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Titanium (Ti) - - - - - - - - - - - - - - - -
Total dissolved solids - - - - - - - - - - - - - - - -
Total organic carbon - - - - - - - - - - - - - - - -
Total phosphate - - - - - - - - - - - - - - - -
Total suspended - - - - - - - - - - - - - - - -
solids 
Vanadium (V) 0 0 0 0 0 0 0 O· 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Zinc (Zn) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - - - - - - - - - -
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Table D.112 continued 

No. exceedances of criteria % of samples exceeding criteria 
Parameter DCVA KRET OGAL OMA(; OPDC OPVL OSPC OSTP DCVA KRET OGAL OMA(; OPDC OPVL OSPC OSTP 

Alkalinity - - - - - - - - - - - - - - - -
Aluminum (Al) 0 4 0 0 0 0 - 0 0.0 10.3 0.0 0.0 0.0 0.0 - 0.0 
Antimony (Sb) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Arsenic (As) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Barium (Ba) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Beryllium (Be) 0 1 0 0 0 0 - 0 0.0 2.6 0.0 0.0 0.0 0.0 - 0.0 
Bismuth (Bi) - - - - - - - - - - - - - - - -
Boron (B) 0 13 0 0 0 0 0 0 0.0 33.3 0.0 0.0 0.0 0.0 0.0 0.0 
Bromide (Br) - - - - - - - - - - - - - - - -
Cadmium (Cd) 1 0 0 0 1 0 - 2 10.0 0.0 0.0 0.0 2.9 0.0 - 8.7 
Calcium (Ca) - - - - - - - - - - - - - - - -
Cesium (Cs) - - - - - - - - - - - - - - - -
Chloride (Cl) 0 1 0 0 0 0 0 0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 
Chromium (Cr) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Cobalt (Co) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Copper (Cu) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Dissolved Oxygen - - - - - - - - - - - - - - . - -
Fluoride (F) 0 3 0 - 0 0 0 0 0.0 7.7 0.0 - 0.0 0.0 0.0 0.0 
Iron (Fe) 9 30 19 0 20 3 1 15 90.0 76.9 86.4 0.0 55.6 100 50.0 65.2 
Lead (Pb) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Lithium (Li) - - - - - - - - - - - - - - - -
Magnesium (Mg) - - - - - - - - - - - - - - - -
Manganese (Mn) 0 1 0 0 0 0 0 1 0.0 2.6 0.0 0.0 0.0 0.0 0.0 4.3 
Mercury (Hg) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Molybdenum (Mo) 0 1 0 0 0 0 0 0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 
Nickel (Ni) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nitrate (NO3) 0 3 1 0 2 0 0 0 0.0 7.7 4.5 0.0 5.6 . 0.0 0.0 0.0 
Ortho-phosphate - - - - - - - - - - - - - - - -
pH - - - - - - - - - - - - - - - -
PhosphoruSto1a1 - - - - - - - - - - - - - - - -
Potassium (K) - - - - - - - - - - - - - - - -
Redox/Eh - - - - - - - - - - - - - - - -
Rubidium (Rb) - - - - - - - - - - - - - - - -
Selenium (Se) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Silicate (Si) - - - - - - - - - - - - - - - -
Silver (Ag) 0 0 0 0 0 0 - 0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 
Sodium (Na) - - - - - - - - - - - - - - - -
Specific - - - - - - - - - - - - - - - -
Conductivity 
Strontium (Sr) 0 0 0 ·o 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfate (SO4) 0 6 0 0 0 0 0 0 0.0 15.4 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfur (S) - - - - - - - - - - - - - - - -
Temperature - - - - - - - - - - - - - - - -
Thallium (Tl) 0 1 0 0 0 0 - 0 0.0 2.6 0.0 0.0 0.0 0.0 - 0.0 
Tin (Sn) 0 0 0 0 0 0 0 0 - - - - - - - -
Titanium (Ti) - - - - - - - - - - - - - - - -
Total dissolved - - - - - - - - - - - - - - - -
solids 
Total organic carbon - - - - - - - - - - - - - - - -
Total phosphate - - - - - - - - - - - - - - - -
Total suspended - - - - - - - - - - - - - - - -
solids 
Vanadium (V) 0 1 0 0 0 0 0 0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 
Zinc (Zn) 0 1 0 0 0 0 0 0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - - - - - - - - - -
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Table D.112 continued 

.•.. • •. .....•. No.:ex~eedancesof:criteria • ••• • '"lo ofsaD1pJ~ ¢xceedirig cri~eria 

' 
Parameter PCCR PCCU :P:E:1,W :PM® PM!¢. P~ PMNS PMSX ·PCCR. PCCU P:El3I PMJ;)(J :PMFL' PMUN IJ>MNS J>MSX 

Alkalinity - - - - - - - - - - - - - - - -
Aluminum (Al) 7 0 0 1 I 0 8 0 26.9 0.0 0.0 100 50.0 0.0 47.1 0.0 
Antimony (Sb) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Arsenic (As) 1 0 0 0 0 0 0 0 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Barium (Ba) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Beryllium (Be) 3 1 0 1 0 0 5 1 3.8 33.3 0.0 100 0.0 0.0 29.4 25.0 
Bismuth (Bi) - - - - - - - - - - - - - - - -
Boron (B) 2 1 0 1 0 0 4 1 11.5 33.3 0.0 0.0 0.0 23.5 25.0 
Bromide (Br) - - - - - - - - - - - - - - - -
Cadmium (Cd) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Calcium (Ca) - - - - - - - - - - - - - - - -
Cesium (Cs) - - - - - - - - - - - - - - - -
Chloride (Cl) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Chromium (Cr) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cobalt(Co) 0 0 0 0 0 0 1 0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 
Copper(Cu) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Dissolved Oxygen - - - - - - - - - - - - - - - -
Fluoride (F) 2 0 0 0 0 0 0 0 7.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Iron (Fe) 12 2 0 1 1 2 7 1 46.2 66.7 0.0 100 50.0 66.7 41.2 25.0 
Lead (Pb) 0 0 0 1 1 0 1 0 0.0 0.0 0.0 100 50.0 0.0 5.9 0.0 
Lithium (Li) - - - - - - - - - - - - - - - -
Magnesium (Mg) - - - - - - - - - - - - - - - -
Manganese (Mn) 1 0 0 0 0 0 1 2 3.8 0.0 0.0 0.0 0.0 0.0 5.9 50.0 
Mercury (Hg) 0 0 - - - - - 0 0.0 0.0 - - - - - 0.0 
Molybdenum (Mo) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nickel (Ni) 0 0 0 0 0 0 1 0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 
Nitrate (NO3) 1 0 0 0 0 0 0 1 3.8 0.0 0.0 0.0 0.0 0.0 0.0 25.0 
Ortho-phosphate - - - - - - - - - - - - - - - -
pH - - - - - - - - - - - - - - - -
PhosphoruStota1 - - - - - - - - - - - - - - - -
Potassium (K) - - - - - - - - - - - - - - - -
Redox/Eh - - - - - - - - - - - - - - - -
Rubidium (Rb) - - - - - - - - - - - - - - - -
Selenium (Se) 1 0 0 0 0 0 0 0 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Silicate (Si) - - - - - - - - - - - - - - - -
Silver (Ag) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sodium (Na) - - - - - - - - - - - - - - - -
Specific - - - - - - - - - - - - - - - -
Conductivity 
Strontium (Sr) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfate (SO4) 1 0 0 0 0 0 0 2 3.8 0.0 0.0 0.0 0.0 0.0 0.0 50.0 
Sulfur (S) - - - - - - - - - - - - - - - -
Temperature - - - - - - - - - - - - - - - -
Thallium (Tl) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Tin (Sn) 0 0 0 0 0 0 0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
Titanium (Ti) - - - - - - - - - - - - - - - -
Total dissolved - - - - - - - - - - - - - - - -
solids 
Total organic - - - - - - - - - - - - - - - -
carbon 
Total phosphate - - - - - - - - - - - - - - - -
Total suspended - - - - - - - - - - - - - - - -
solids 
Vanadium (V) 0 0 0 0 0 0 1 0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 
Zinc (Zn) 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - - - - - - - - - -
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Table D.112 continued 

No. exceedances of criteria % of samples exceeding criteria 
Parameter PMUD QBAA QBUA QBUU QUUU QWTA PMUD QBAA QBUA QBUU QUUU QWTA 

Alkalinity - - - - - - - - - - - -
Aluminum (Al) 2 18 1 1 0 7 8.6 4.7 1.0 4.5 0.0 5.9 
Antimony (Sb) 0 1 0 0 0 0 0.0 0.3 0.0 0.0 0.0 0.0 
Arsenic (As) 0 7 0 0 0 0 0.0 1.8 0.0 0.0 0.0 0.0 
Barium (Ba) 0 0 0 0 0 1 0.0 0.0 0.0 0.0 0.0 0.8 
Beryllium (Be) 1 2 2 1 0 4 4.3 0.5 1.9 9.1 0.0 3.4 
Bismuth (Bi) - - - - - - - - - - - -
Boron (B) 1 37 1 2 1 1 4.3 9.6 1.0 4.5 25.0 0.8 
Bromide (Br) - - - - - - - - - - - -
Cadmium (Cd) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Calcium (Ca) - - - - - - - - - - - -
Cesium (Cs) - - - - - - - - - - - -
Chloride (Cl) 1 3 1 0 0 2 4.3 0.8 1.0 0.0 0.0 1.7 
Chromium (Cr) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Cobalt (Co) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Copper (Cu) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Dissolved Oxygen - - - - - - - - ~ - - -
Fluoride (F) 0 2 0 0 1 0 0.0 0.5 0.0 0.0 25.0 0.0 
Iron (Fe) 11 293 54 19, 1 79 47.8 76.1 51.9 86.3 25.0 66.4 
Lead (Pb) 0 2 1 0 0 1 0.0 0.5 1.0 0.0 0.0 0.9 
Lithium (Li) - - - - - - - - - - - -
Magnesium (Mg) - - - - - - - - - - - -
Manganese (Mn) 1 18 2 2 1 6 4.3 4.7 1.9 9.1 25.0 5.0 
Mercury (Hg) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Molybdenum (Mo) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Nickel (Ni) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Nitrate (NO3) 0 7 8 1 1 6 0.0 1.8 7.7 4.5 25.0 5.0 
Ortho-phosphate - - - - - - - - - - - -
pH - - - - - - - - - - - -
PhosphoruSiota1 - - - - - - - - - - - -
Potassium (K) - - - - - - - - - - - -
Redox/Eh - - - - - - - - - - - -
Rubidium (Rb) - - - - - - - - - - - -
Selenium (Se) 1 1 2 0 0 2 4.3 0.3 2.0 0.0 0.0 1.7 
Silicate (Si) - - - - - - - - - - - -
Silver (Ag) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Sodium (Na) - - - - - - - - - - - -
Specific - - - - - - - - - - - -
Conductivity 
Strontium (Sr) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Sulfate (SO4) 0 24 2 1 2 1 0.0 6.2 2.0 4.5 50.0 0.8 
Sulfur (S) - - - - - - - - - - - -
Temperature - - - - - - - - - - - -
Thallium (Tl) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Tin (Sn) 0 0 0 - - 0 0.0 0.0 0.0 - - 0.0 
Titanium (Ti) - - - - - - - - - - - -
Total dissolved - - - - - - - - - - - -
solids 
Total organic carbon - - - - - - - - - - - -
Total phosphate - - - - - - - - - - - -
Total suspended - - - - - - - - - - - -
solids 
Vanadium (V) 0 0 0 0 o· 0 0.0 0.0 0.0 0.0 0.0 0.0 
Zinc (Zn) 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - - - - - -
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Table D.112 continued 

: .. .•·:· No. exceedances of criteria 
.. 

. .... ... % pf samples exce~~i11gc~iteria . 
..... CFIG-CfRN.; OSTJ>.,OPD<.} : CMSH- Upper CFIG-CFRN- osrp.:.opoo CMSH-·· Upper 

Parameter CJGL CJDN:• CM'f$-PMHN Carbonate CIGL CJDN CMTS-PMHN Carbonate 
Alkalinity - - - - - - - -
Aluminum (Al) 1 0 0 0 2.6 0.0 0.0 0.0 
Antimony (Sb) 0 0 0 0 0.0 0.0 0.0 0.0 
Arsenic (As) 0 0 ·o 0 0.0 0.0 0.0 0.0 
Barium (Ba) 0 0 0 0 0.0 0.0 0.0 0.0 
Beryllium (Be) 1 0 0 0 2.6 0.0 0.0 0.0 
Bismuth (Bi) - - - - - - - -
Boron (B) 0 0 0 0 0.0 0.0 0.0 0.0 
Bromide (Br) - - - - - - - -
Cadmium (Cd) 0 4 0 2 0.0 4.6 0.0 2.8 
Calcium (Ca) - - - - - - - -
Cesium (Cs) - - - - - - - -
Chloride (Cl) 0 0 0 0 0.0 0.0 0.0 0.0 
Chromium (Cr) 0 0 0 0 0.0 0.0 0.0 0.0 
Cobalt (Co) 0 0 0 0 0.0 0.0 0.0 0.0 
Copper (Cu) 0 0 0 0 0.0 . 0.0 0.0 0.0 
Dissolved Oxygen - - - - - - - -
Fluoride (F) 0 1 0 0 0.0 1.4 0.0 0.0 
Iron (Fe) 29 49 18 62 72.5 54.4 69.2 86.1 
Lead (Pb) 1 0 0 0 2.6 0.0 0.0 0.0 
Lithium (Li) - - - - - - - -
Magnesium(rv,1:g) - - - - - - - -
Manganese (Mn) 1 1 1 0 1.1 2.5 3.8 0.0 
Mercury (Hg) 0 0 0 0 0.0 0.0 0.0 0.0 
Molybdenum (Mo) 0 0 0 0 0.0 0.0 0.0 0.0 
Nickel (Ni) 0 0 0 0 0.0 0.0 0.0 0.0 
Nitrate (N03) 0 2 0 2 0.0 2.2 0.0 2.8 
Ortho-phosphate - - - - - - - -
pH - - - - - - - -
PhosphorustotaI - - - - - - - -
Potassium (K) - - - - - - - -
Redox/Eh - - - - - - - -
Rubidium (Rb) - - - - - - - -
Selenium (Se) 0 0 0 0 0.0 0.0 0.0 0.0 
Silicate (Si) - - - - - - - -
Silver (Ag) 0 0 0 0 0.0 0.0 0.0 0.0 
Sodium (Na) - - - - - - - -
Specific Conductivity - - - - - - - -
Strontium (Sr) 0 0 0 0 0.0 0.0 0.0 0.0 
Sulfate (S04) 0 0 0 0 0.0 0.0 0.0 0.0 
Sulfur (S) - - - - - - - -
Temperature - - - - - - - -
Thallium (Tl) 1 0 0 0 2.6 0.0 0.0 0.0 
Tin (Sn) 0 0 0 0 0.0 0.0 0.0 0.0 
Titanium (Ti) - - - - - - - -
Total dissolved solids - - - - - - - -
Total organic carbon - - - - - - - -
Total phosphate - - - - - - - -
Total suspended - - - - - - - -
solids 
Vanadium (V) 0 0 0 0 0.0 0.0 0.0 0.0 
Zinc (Zn) 0 0 0 0 0.0 0.0 0.0 0.0 
Zirconium (Zr) - - - - - - - -
1 Not sampled or no water quality cntena 
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Table D.113: Median background hazard indices for target endpoints, by aquifer group. 

, , •. \.~quifer. • • ' ,'cy/bld · 
... 

.cancer I ;repro; ·ki~n . gi/liv ' ' cu.s(pnf bocly··• .. s~rl; l>()ne··•• 
' 

Cambrian • 0.142 0.085 0.043 0.150 0.110 0.058 0.059 0.0003 0.026 
Ordovician 0.165 0.086 0.061 0.167 0.066 0.057 0.059 0.0003 0.041 
Precambrian 0.083 0.183 0.096 0.152 0.080 0.073 0.059 0.0003 0.040 
buried Quaternary 0.106 0.155 0.116 0.152 0.119 0.147 0.059 0.0003 0.064 
surficial Quaternary 0.136 0.126 0.041 0.144 0.108 0.184 0.059 0.0003 0.027 
CFIG 0.083 0.0820 0.1880 0.147 0.159 0.058 0.000 0.0003 0.091 
CFRN 0.182 0.0890 0.0470 0.157 0.072 0.052 0.059 0.0003 0.028 
CIGL 0.110 0.1390 0.0980 0.159 0.105 0.160 0.059 0.0003 0.056 
CJDN 0.159 0.0760 0.0320 0.152 0.081 0.035 0.059 0.0003 0.017 
CMSH 0.104 0.0800 0.0380 0.150 0.o75 0.054 0.059 0.0003 0.027 
CMTS 0.119 0.1450 0.0550 0.139 0.135 0.105 ins' 0.0003 0.040 
CSLF 0.114 0.141 0.042 0.148 0.079 0.292 ins 0.0003 0.041 
CSTL 0.283 0.249 0.236 0.186 0.091 0.099 0.060 0.0003 0.095 
DCVA 0.148 0.187 0.073 0.501 0.077 0.101 0.059 0.0003 0.038 
KRET 0.097 0.110 0.684 0.172 0.125 0.118 0.059 0.0003 0.188 
OGAL 0.168 0.139 0.071 0.302 0.063 0.058 0.063 0.0003 0.058 
OMAQ ins ins ins ins ins ins ins ins ins 
OPDC 0.184 0.072 0.050 0.158 0.072 0.041 0.059 0.0003 0.033 
OPVL 0.165 0.146 0.051 0.169 0.169 0.192 0.059 0.0020 0.060 
OSPC 0.106 ins 0.043 ins ins 0.388 ins ins 0.041 
OSTP 0.129 0.082 0.070 0.164 0.066 0.057 0.059 0.0003 0.036 
PCCR 0.083 0.281 0.091 0.149 0.086 0.114 0.059 0.0003 0.049 
PCUU 0.062 0.118 0.451 0.139 0.o78 0.292 0.059 0.0003 0.186 
PEBI ins ins ins ins ins ins ins ins ins 
PMDC ins ins ins ins ins ins ins ins ins 
PMFN 0.138 0.171 0.036 0.189 0.144 0.150 ins 0.0020 0.013 
PMHN 0.095 0.116 0.022 0.139 0.110 0.145 0.059 0.0003 0.011 
PMNS 0.066 0.406 0.216 0.169 0.073 0.033 0.060 0.0003 0.030 
PMSX 0.150 0.145 0.525 0.213 0.252 1.094 0.156 ins 0.185 
PMUD 0.090 0.133 0.061 0.152 0.104 0.082 0.059 0.0040 0.031 
QBAA 0.103 0.169 0.163 0.154 0.115 0.140 0.059 0.0003 0.076 
QBUA 0.130 0.113 0.039 0.139 0.133 0.165 0.059 0.0003 0.028 
QBUU 0.115 0.307 0.465 0.199 0.132 0.227 0.059 0.0003 0.140 
QUUU 0.607 0.086 0.276 0.294 0.117 0.170 0.185 ins 0.251 
QWTA 0.133 0.126 0.041 0.144 0.108 0.184 0.059 0.0003 0.026 
CFIG-CFRN-CIGL 0.157 0.105 0.059 0.155 0.084 0.059 0.059 0.0003 0.032 
CJDN-OPDC-OSTP 0.160 0.076 0.044 0.157 0.041 0.041 0.059 0.0003 0.029 
CMSH-CMTS-PMHN 0.104 0.096 0.044 0.139 0.109 0.100 0.059 0.0003 0.030 
Upper Carbonate 0.159 0.151 0.068 0.302 0.067 0.066 0.059 0.0003 0.055 
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Table D.114: Estimate of percent of samples exceeding a hazard index of 1.0. 

Aquifer. cv/bld cancer··•· repro ' kidn gi/liv •• ··· cns/pns body ••·· skin bone •. 

Cambrian 1 to 2 1 to 2 < 1 1 to 2 1 to 2 2 < 1 < 1 <1 
Ordovician 2 to 3 < 1 < 1 2 to 3 <1 1 to 2 <l < 1 <1 
Precambrian 1 to 2 15 12 < 1 2 to 3 7 < 1 < 1 <1 
buried Quaternary 3 to 4 3 to 4 7 < 1 <1 4 < 1 <1 <1 
surficial Quaternary 7 4 to 5 1 to 2 < 1 2 to 3 5 <1 < 1 <1 
CFIG ins' ins ins ins ins ins ins ins ins 
CFRN 1 to 4 1 to 4 <4 <4 5 to 6 < 1 <1 <1 <1 
CIGL ins ins ins ins ins ins ins ins ins 
CJDN 1 to 4 <4 <4 4 to 5 5 to 6 < 1 < 1 <1 <1 
CMSH ins ins ins ins ins ins ins ins ins 
CMTS ins ins ins ins ins ins ins ins ins 
CSLF ins ins ins ins ins ins ins ins ins 
CSTL ins ins ins ins ins ins ins ins ins 
DCVA <l < 1 <1 11 1 to 2 <1 < 1 <1 < 1 
KRET 12 4to 5 35 3 to 4 4 to 5 7 <1 <1 <1 
OGAL 6 to 7 <3 <3 <3 <3 <l <1 <1 <1 
OMAQ ins ins ins ins ins ins ins ins ins 
OPDC 5 to 6 <3 <3 4 to 5 <3 <1 <l <1 < 1 
OPVL ins ins ins ins ins ins ins ins ins 
OSPC ins ins ins ins ins ins ins ins ins 
OSTP <5 <5 <5 11 <5 6 <l <l <1 
PCCR 5 to 6 16 10 <4 7 to 8 7 < 1 <1 <1 
PCUU ins ins ins ins ins ins ins ins ins 
PEBI ins ins ins ins ins ins ins ins ins 
PMDC ins ins ins ins ins ins ins ins ins 
PMFN ins ins ins ins ins ins ins ins ins 
PMHN ins ins ins ins ins ins ins ins ins 
PMNS ins ins ins ins ins 8 ins ins ins 
PMSX ins ins ins ins ins ins ins ins ins 
PMUD <1 6 to 7 1 to 2 <1 6 to 7 7 <1 <1 <1 
QBAA 2 to 3 2 to 3 9 to 10 <1 <1 5 <l <1 < 1 
QBUA 8 to 9 2 to 3 <1 3 to4 <l 3 < 1 <1 <1 
QBUU <6 16 10 <6 <6 13 <1 <1 <1 
QUUU ins ins ins ins ins ins ins ins ins 
QWTA 8 to 9 4to 5 <1 <1 3 to 4 5 <1 <l <1 
CFIG-CFRN-CIGL <4 <4 <4 <4 4 to 5 3 < 1 <1 <1 
CJDN-OPDC-OSTP 2 to 3 <2 <2 5 to 6 <2 1 <l <1 <1 
CMSH-CMTS-PMHN <4 <4 <4 <4 <4 6 <1 <1 <1 
Upper Carbonate 4 to 5 <2 <2 5 to 6 2 to 3 <l < 1 < 1 <1 
1 ins = msufficient sample size 
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Table D.115: Assumed concentrations for solubility calculations. Concentrations represent the 
median concentration for all data. Standard deviations are for the entire data set. 

•·• Chemical: •• Concentration 
.·•·; .... ' 

·••··• .• .. ••...•• •• • (gg!L)· 

Hydrogen 0.0575 
Bicarbonate 289949 
Carbonate 
Sulfate 38835 
Sulfide 
Silica 10766 
Chloride 18892 
Calcium 76176 
Iron 947 

Stanc:l~nl 
d~ybdion ... 

0.198 
106236 

81912 

3396 
167083 
66448 
5244 

. . . . . . 

·¢onee11ttatio1f; 
10.1.24 

10.2.32 

10.s.34 

10-4 

1 o-3.92 

1 o-3.27 

1 o-2.12 

10-4.?7 
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Table D.116: Concentrations of chemicals in igneous rocks, various sedimentary rocks, soil, and 
air. Concentrations are in mg/kg (ppm) except for air. 

Chemical ••• Igneous Sandstones Shale . Carbonates Soil·· Air (ng/m')t 
Aluminum 79500 32100 80100 8970 70000 -
Antimony 0.50 0.014 0.81 0.20 5 12 
Arsenic 1.8 1.0 9.0 1.8 10 15 
Barium 595 193 250 30 121 -
Beryllium 3.6 0.26 2.1 0.18 0.5-10 -
Bismuth - - - - - -
Boron 7.5 90 194 16 10 -
Bromide 2.4 1.0 4.3 6.6 1.0-10 -
Cadmium 0.19 0.020 0.18 0.048 0.20 1-41 
Calcium 36200 22400 22500 272000 10000 -
Cesium 4.3 2.2 6.2 0.77 0.3-25 -
Chloride 305 15 170 305 100 -
Chromium 198 120 423 7.1 39 60 
Cobalt 23 0.33 8.1 0.12 3 3 
Copper 97 15 45 4.4 20 280 
Fluoride 715 220 ·560 112 200 -
Iron 42200 18600 38800 8190 40000 -
Lead 16 14 80 16 11 2700 
Lithium 32 15 46 5.2 10-300 -
Magnesium 17600 8100 16400 45300 6000 -
Manganese 937 392 575 842 800 150 
Mercury 0.33 0.057 0.27 0.046 0.050 0.007-38 
Molybdenum 1.2 0.50 4.2 0.75 8 1-10 
Nickel 94 2.6 29 13 18 90 
Nitrogen 46 - 600 - 1000 -
Phosphorus 1100 539 733 281 800 -
Potassium 25700 13200 24900 2390 10000 -
Rubidium 166 197 243 46 20-500 -
Selenium 0.050 0.52 0.60 0.32 O.Ql 5 
Silica 285000 359000 260000 34 330000 -
Silver 0.15 0.12 0.27 0.19 O.Ql 1 
Sodium 28100 3870 4850 393 7000 -
Strontium 368 28 290 617 600-1000 -
Sulfur 410 945 1850 4550 500 -
Thallium 11 3.9 13 0.20 0.12-12 0.22 
Tin 2.5 0.15 4.1 0.17 10 10-70 
Titanium 4830 1950 4440 377 5000 -
Vanadium 149 20 101 13 100 -
Zinc 80 16 130 16 50 500 
Zirconium 160 204 142 18 60-2000 -
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Table D.117: Summary ofVOC detections by aquifer and aquifer group. 

i ··•· Aqllif~r Gt~up or\· : 
. 

;Number Q.f No.ofV0C'. ,%>VOC·· 
·,>.: •.: • su1>gro11p :Sa1qplesi • • 

····• 
. Detections .::: :·.:.:. 'Dete~tfons .. •. ,, 

CFIG 5 0 0 
CFRN 27 1 4 
CIGL 8 1 13 
CJDN 31 2 6 
CMSH 10 0 0 
CMTS 13 0 0 
CSLF 4 1 25 
CSTL 4 1 25 
OGAL 22 0 0 
OMAQ 1 1 100 
OPDC 36 1 3 
OPVL 3 0 0 
OSPC 2 0 0 
OSTP 23 1 4 
PCCR 26 7 27 
PCUU 3 0 0 
PEBI 1 0 0 
PMDC 1 0 0 
PMFL 2 1 50 
PMHN 3 0 0 
PMNS 17 4 24 
PMSX 4 2 50 
PMUD 23 3 13 
QBAA 387 37 10 
QBUA 104 14 13 
QBUU 22 5 23 
QUUU 4 0 0 
QWTA 120 16 13 
Cambrian 102 6 6 
Devonian 10 2 20 
Cretaceous 38 9 24 
Ordovician 87 3 3 
Precambrian 80 17 21 
Quaternary, buried 513 56 11 
Quaternary, surficial 124 16 13 
CFIG-CFRN-CIGL 40 2 5 
OSTP-OPDC-CJDN 90 4 4 
CMSH-CMTS-PMHN 26 0 0 
Upper carbonate 36 3 8 
All wells 954 109 11 
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Table D.118: Summary ofVOC detections by chemical class. 

Aquifer Group or ····voe .. voe .. VOC···• voe· voe 1 voe 1 .voc.)••• I•: 
Subgroup .. Class1· • Class2 ••··Class3 Class·4 Class5 Class6 Class .. •·· 

CFIG 0 0 0 0 0 0 0 
CFRN 0 1 0 0 0 0 0 
CIGL 0 0 0 1 0 0 0 
CJDN 1 1 0 0 0 0 0 
CMSH 0 0 0 0 0 0 0 
CMTS 0 0 0 0 0 0 0 
CSLF 1 1 0 0 0 0 0 
CSTL 0 0 0 1 1 0 0 
OGAL 0 0 0 0 0 0 0 
OMAQ 0 2 0 0 0 0 0 
OPDC 0 1 0 0 0 0 0 
OPVL 0 0 0 0 .0 0 0 
OSPC 0 0 0 0 0 0 0 
OSTP 1 1 0 0 0 0 0 
PCCR 1 1 0 3 1 1 0 
PCUU 0 0 0 0 0 0 0 
PEBI 0 0 0 0 0 0 0 
PMDC 0 0 0 0 0· 0 0 
PMFL 0 0 0 1 0 0 0 
PMHN 0 0 0 0 0 0 0 
PMNS 2 0 0 3 1 0 0 
PMSX 0 0 0 2 0 1 0 
PMUD 0 0 0 0 3 0 0 
QBAA 11 6 1 20 1 2 1 
QBUA 5 2 0 8 0 0 0 
QBUU 3 2 0 0 0 1 0 
QUUU 0 0 0 0 0 0 0 
QWTA 4 2 0 9 1 0 1 
Cambrian 2 3 0 2 1 0 0 
Devonian 0 2 0 4 0 0 0 
Cretaceous 4 1 2 3 0 3 0 
Ordovician 1 4 0 0 0 0 0 
Precambrian 3 1 0 9 5 2 0 
Quaternary, buried 19 10 1 28 1 3 1 
Quaternary, surficial 4 2 0 9 1 0 1 
CFIG-CFRN-CIGL 0 1 0 1 0 0 0 
OSTP-OPDC-CJDN 2 3 0 0 0 0 0 
CMSH-CMTS-PMHN 0 0 0 0 0 0 0 
Upper carbonate 0 2 0 2 0 0 0 
All wells 33 23 3 55 8 8 2 
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Table D.119: Summary of chemical parameters and other factors which differed significantly 
between wells containing a detectable non-halogenated aromatic compound compared to wells with 
no detectable VOC. "-" represents a concentration or value for the parameter was lower in wells 
with the detectable VOC; "+" represents a concentration or value for the parameter was greater in 
wells with the detectable VOC. 

::
::::: < •.•• ••.. .... 

< " ;: tt~•ue ;· :' • .Greater ~rsmaller,in.wells 
·••· .. . .. , 

. ce>nt~ining :ai;d~tect1t,ble :Yoe: • , .. • ·'.·•:•.· ,.·•· ./ .. . ... ·:, ......... • ..... ,·• . .. ,: • .... •:> .... .., .. :,: 

Zinc 0.0030 -
Well Diameter 0.0020 + 
Vanadium 0.0157 • -
Total suspended solids 0.0000 + 
Tritium 0.0011 + 
Total organic carbon 0.0003 + 
Thallium 0.0025 + 
Titanium 0.0006 -
Temperature 0.0225 + 
Strontium 0.0003 + 
Tin 0.0138 -
pH 0.0002 -
Nickel 0.0142 -
Sodium 0.0055 + 
Month of sampling 0.0025 + 
Molybdenum 0.0019 -
Lithium 0.0254 -
Potassium 0.0002 + 
Mercury 0.0433 -
Calcium 0.0331 + 
Boron 0.0007 + 
Alkalinity 0.0462 + 
Silver 0.0002 -

Table D.120: Summary of chemical parameters and other factors which differed significantly 
between wells containing a detectable halogenated aliphatic compound (non-THM or CFC) 
compared to wells with no detectable VOC. "-" represents a concentration or value for the 
parameter was lower in wells with the detectable VOC; "+" represents a concentration or value for 
the parameter was greater in wells with the detectable VOC. 

... ·., . ., •. :•· ~ ·•:•· :·.:· ::.::::;·· 
f:\·: 

n;;.v~hu• • ' ·' C: •. ~r~at¢r:. cjr sm.anet in wens: •·::. •• ,;••· :• •'•. ' 
; :f ··.·· .... U\i>· < ,,;. •. fi(::fr .• ... . · .. })/:r .. / ... /:' :••. ·i·•·······••i .,.,.,, .... contairibig'adetecfable ;v"()Q<· 

Oxidation-reduction potential 0.0002 + 
Zirconium 0.0071 -
Well diameter 0.0009 + 
UTM-north 0.0000 -
UTM-east 0.0062 + 
Total suspended solids 0.0024 -
Tritium 0.0043 + 
TotaJ phosphate 0.0366 = 

Temperature 0.0000 + 
Lead 0.0009 + 
Nitrate 0.0075 + 
Sampling month 0.0215 + 
Molybdenum 0.0060 -
Manganese 0.0010 -
Lithium 0.0028 -
Dissolved oxygen 0.0094 + 
Cesium 0.0003 + 
Chloride 0.0001 + 
Cadmium 0.0033 + 
Arsenic 0.0027 - . 
Aluminum 0.0048 + 
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Table D.121: Summary of chemical parameters and other factors which differed significantly 
between wells containing a detectable trihalomethane compound compared to wells with no 
detectable voe. "-" represents a concentration or value for the parameter was lower in wells with 
the detectable voe; "+" represents a concentration or value for the parameter was greater in 
wells with the detectable voe. 

Parameter . :, . p~value Greater or sma:Uer in wells 
.,• •· .. 

. .. •.· . contajning a detectable V()C 
Rubidium 0.0276 + 
Well diameter 0.0064 + 
Tritium 0.0156 + 
pH 0.0261 -
Lead 0.0002 + 
Nitrate 0.0010 + 
Fluoride 0.0405 + 
Dissolved oxygen 0.0043 + 
Well depth 0.0232 -
Copper 0.0018 + 
Barium 0.0306 -
Alkalinity 0.0162 -
Aluminum 0.0012 + 

Table D.122: Summary of chemical parameters and other factors which differed significantly 
between wells containing a detectable chlorofluorocarbon compound compared to wells with no 
detectable voe. "-" represents a concentration or value for the parameter was lower in wells with 
the detectable voe;"+" represents a concentration or value for the parameter was greater in 
wells with the detectable VOe. 
' •. .. . .. •.::>; ':'·'' ·• •• ...• < i . 

.. Gre:iter:~t,~m~llet•i.n wells . ..... . .... 
••:;•••··••:·· 

•. >C" :;·, ). < ti ::> . • .··.· . . .. •· . ::- .. it_. __ ..... _ • •• ·• contai11i11g.a detectable VOC 
Aluminum 0.0360 + 
Alkalinity 0.0000 -
Arsenic 0.0199 -
Barium 0.0004 -
Calcium 0.0003 -
Cobalt 0.0428 -
Copper 0.0270 + 
Specific Conductivity 0.0000 -
Mercury 0.0000 + 
Potassium 0.0020 -
Lithium 0.0018 -
Magnesium 0.0001 -
Molybdenum 0.0461 -
Sodium 0.0428 -
Nitrate 0.0055 + 
Phosphorus 0.0065 -
Lead 0.0030 + 
Sulfate 0.0420 -
Strontium 0.0022 -
Static water level 0.0078 -
Total dissolved solids 0.0001 -
Temperature 0.0165 -
Total phosphate 0.0086 -
Tritium 0.0159 + 
UTM-east 0.0013 + 
UTM-north 0.0107 + 
Sulfur 0.0376 -
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Table D.123: Summary of chemical parameters and other factors which differed significantly 
between wells containing a detectable ketone or aldehyde compound compared to wells with no 
detectable voe. "-" represents a concentration or value for the parameter was lower in wells with 
the detectable voe; "+" represents a concentration or value for the parameter was greater in 
wells with the detectable VOe. 

Sampling month 0.0475 
Dissolved oxygen 0.0134 

Greater or'smaller;l11)veUs ..... 
contafoing_a'defoctahte:yoc•.: 

+ 

Table D.124: Summary of chemical parameters and other factors which differed significantly 
between wells containing an ether compound compared to wells with no detectable voe. "-" 
represents a concentration or value for the parameter was lower in wells with the detectable voe; 
"+" represents a concentration or value for the parameter was greater in wells with the detectable 
voe. 
,.,L'.·.·•·'Fi - •••·· ..•••• ;;(>/ '\'.'. •• ·•· ··:: •_:' (;reat¢'.r'()r. smaller bfwells.:, > : I ::; , .... )./ ~-''' ,,,,: 

' , ... ' ' ' <": ' .. · ' ,. ; ' ,_ .. ' : ·.···• j' ' ',, . . ,: ;,,..,:: .\\ :; ¢ontainfog a detectable VO¢ .• •• , •• 
Sulfur 0.0007 + 
Rubidium 0.0000 + 
Zinc 0.0333 + 
Well diameter 0.0001 + 
Vanadium 0.0006 + 
UTM-north 0.0038 -
UTM-east 0.0232 -
Titanium 0.0046 + 
Total dissolved solids 0.0006 + 
Strontium 0.0003 + 
Sulfate 0.0007 + 
Selenium 0.0154 -
pH 0.0008 -
Lead 0.0004 + 
Nickel 0.0148 + 
Sodium 0.0016 + 
Molybdenum. 0.0122 + 
Manganese 0.0193 + 
Magnesium 0.0005 + 
Lithium 0.0006 + 
Potassium 0.0006 + 
Specific conductivity 0.0005 + 
Well depth 0.0186 • + 
Copper 0.0007 + 
Cobalt 0.0013 + 
Cadmium 0.0151 + 
Calcium 0.0005 + 
Barium 0.0002 -
Boron 0.0018 + 

Table D.125: Summary of VOC exceedances of the HRL . 
. • )P~ME'f:ER'n 'Concentration 1/H,RL :Jµndp~int/.. _. : .Aq11if~n :> 
Tetrachloroethene 8.6 7 cancer QBUA 

Benzene 22 10 cancer QWTA 

1, 1-Dichloroethene 12 6 gi/liv DCVA 

Tetrahydrofuran 480 100 gi/liv QBAA 
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Figure E.1 Baseline Network 
Sampling Grid 
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Figure E.2 

Connect Hoses 
Setup Water Bath 

Calibrate pH and DO 
Probes 

Operator 

Responsibilities: 
1. Set up and pack up 

field equipment. 
2. Calibration and 

operation of field 
equipment. 

3. Collection of samples. 

Recorder 

Responsibilities: 
1. Operation of data 

logger. 
2. Filling out field 

forms. 
3. Alkalinity titrations 

SAMPLING 
PROTOCOL 

Take Discharge 
Take GPS Reading 

Prepare Bottles and 
Sampl!ng Equipment 

If faulty readings are suspected, 
inspect the probes. Clean or 
replace if needed. 

Purge Well and Record 
Field Measurements The data logger will request you 

to take readings at the removal 
of each well volume. 

Sampling Procedure: 
Alkalinity bottle should be filled 
first. Triple rinse bottle and 
hand off to Recorder for titration. 
Then continue to fill remaining 
sample bottles in the order listed 
below. 

Pack Field Equipment 

Place samples in cooler. 
Connect owner's hose. 
Pick up all trash. 

NO 

Collect Samples 

1. voes 

Stabilization Criteria: 
Temperature: +/- 0.1 degree C 
pH: +/- 0.1 STD Units 
Conductivity: +/- 5% of Value 

** A minimum of three consecutive readings, 
at regular intervals that meet the above 
criteria, must be taken to determine 
stability. 

2. General Chemistry 
3. Cation 
4. Anion 
5.TOC 
6. Tritium (select sites) 
7. Pesticides ( select sites) 

Alkalinity Titrations 

Titration Criteria: 
Three readings with the 
maximum difference of 10 
units. 



Figure E.3 Sample Locations 
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Figure E.4 Wells Sampled in the 
Cambrian Aquifers 
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Figure E.5 Wells Sampled in the 
Devonian Aquifer 
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Figure E.6 Wells Sampled in the 
Cretaceous Aquifer 
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Figure E. 7 Wells Sampled in the 
Ordovician Aquifers 
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Figure E.8 Wells Sampled in the 
Precambrian Aquifers 
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Figure E.9 Wells Sampled in the 
Buried ternary Aquifers 
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Figure E.10 Wells Sampled in the 
Surficial Quaternary Aquifer 
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