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Executive Summary

This report describes the second phase (2013) of a study to define baseline water quality and
flow conditions for both surface waters and springs, collected prior to the onset of any
significant oil and gas development in portions of Pitkin and Garfield counties. Sampling
efforts focused on the Fourmile Creek and Thompson Creek Watersheds. The first phase of
this study was titled Thompson Divide Baseline Water Quality Report (Moran R., 2011).

Water quality sampling and flow measurement were conducted at four surface water and
four ground water sites selected to be representative of potential impacts from proposed oil
and gas drilling and development activities. The first phase activities were conducted between
late September 2009 and late August 2010; the second phase was conducted between late
February and early October 2013. These dates were specifically chosen to represent the range
of normal, seasonal hydrologic conditions.

The list of chemical constituents reported in 2013 was reduced from those determined
during 2009-10 to reduce costs. Nevertheless, it included the constituents and measurements
most useful for extending the timeframe of the baseline data and for making basic
hydrologic interpretations.

This second phase of the study demonstrates that surface waters at the monitored sites
continue to be cold (median = 2.6°C), highly oxygenated (median D.O. Saturation = 78%),
largely sediment-free (visual observations), with low concentrations of dissolved chemical
constituents (median lab TDS = 110 mg/L). Measurements of field specific conductance
(S.C., median = 175 puS) confirmed that dissolved concentrations of chemical constituents
were low in all waters. This was also confirmed by the lab determinations of selected anions
(i.e. ammonia, nitrate, sulfate), which were present at concentrations below reporting limits
or at low concentrations. These chemical constituents were selected because they are often
indicators of industrial, agricultural or human waste contamination.

No determinations of minor, trace elements, or organic compounds were included in this
2013 effort, but data for these constituents were included in the first phase, 2009-10 report
(Moran R, 2011).

Ground water data show these waters to be cold (median temperature = 8.2°C) and sediment-
free (visual observations), with low concentrations of dissolved chemical constituents
(median TDS = 240 mg/L; median S.C. = 418 uS), and moderately oxygenated (median D.O.
saturation = 55%). No regulated water contaminants were detected at unacceptable
concentrations in any samples.

These baseline water quality results continue to be consistent with the conclusions presented
in the studies of bottom-dwelling organisms and sediment by Miller (2010). Samples
collected for the present study and the Miller (2010) study were collected at the same
locations. This report together with Miller (2010) indicate that the baseline waters are
healthy, uncontaminated and support significant populations of benthic aquatic organisms.



Additionally, sections of the creeks sampled in this study are considered of such high quality
that the Colorado State Water Quality Control Commission recently designated 3 reaches of
Thompson Creek as “Outstanding Waters”.

Statistical summaries of the 2013 water quality data and Phase One 2009-2010 water quality
data are presented in Appendix 1.0. A comparison of these two statistical data bases is also
presented in Appendix 1.0. Compilations of all laboratory and field data are presented in a
separate data file available by contacting Thompson Divide Coalition.



1.0 Introduction

Purpose and Scope

This study presents the second phase of a study to define baseline water quality and flow
conditions for both surface and ground waters, collected prior to the onset of any significant
oil and gas development in portions of Pitkin and Garfield counties. Sampling efforts
focused on the Fourmile Creek and Thompson Creek Watersheds. The first phase of this
study was titled Thompson Divide Baseline Water Quality Report (Moran R., 2011).
Together, these pre-development data are referred to as “baseline” water quality data. Such
data are exceptionally important for identifying and defining any impacts to water quality as
a result of future industrial activities. The focus of this study, however, has been
predominantly on natural gas exploration and development activities, which have become
significant environmental factors within the region. This baseline data set will act as a water
quality “yardstick” against which future changes in water quality can be measured. To a lesser
extent, they will be useful in recognizing changes to local spring discharges.

Natural gas drilling and development activities have expanded significantly in the Piceance
Basin in recent decades The Thompson Divide region, an area in which the Thompson
Divide Coalition and Roaring Fork Conservancy (RFC) have a mandate to protect water
quality and habitat characteristics, is located on the eastern edge of the basin and has been
partially leased for mineral development.

Historically, adequate, reliable baseline water quality data have not been collected by State,
county or other public agencies, prior to initiation of such drilling or other potentially-
contaminating activities. In many areas of western Colorado, and much of the rest of the
United States, the role of monitoring water quality and quantity has been ceded to the
industry, in this case the drilling companies themselves, and their contractors. Such industry
generated monitoring data are often incomplete, inadequately collected and analyzed, and
are often not readily available to the public.

Without reliable baseline (pre-exploration and pre-operational) data, the public lacks strong
technical and legally-defensible bases on which to argue that degradation of water quality has
or has not occurred. The present report is an attempt to correct that situation.

It is my (Dr. Robert Moran’s) opinion that some degradation of water quality is inevitable if
oil and gas exploration and development becomes a reality within the Fourmile Creek and
Thompson Creek Watersheds. This opinion is based on more than 42 years of experience in
applied Water Quality, Geochemistry and Hydrogeology, much of it related to all forms of
energy and natural resource development.

This study involved collection of surface and ground water quality samples from sites in both
Pitkin and Garfield Counties. Monitoring locations, together with gas exploration lease
boundaries, are shown on Figure 1. Sampling efforts focused on the Fourmile Creek and
Thompson Creek Watersheds.



The overall water quality sampling and analytical program was originally designed by Dr.
Robert Moran (hydrogeologist/geochemist), Dr. John Huntington (environmental chemist),
Mr. Thomas Glibota (resource and environmental geologist), and Mr. Chad Rudow
(biologist), in conjunction with members of Roaring Fork Conservancy and Thompson
Divide Coalition.

All field activities (water quality sampling, flow measurement, measurement of field
parameters) were conducted by Mr. Chad Rudow of Roaring Fork Conservancy, with
oversight in the field by Dr. Moran. The sampling team utilized professionally-recognized
procedures (see descriptions below) and operated with the assistance and direction of the
independent consultant, Dr. Moran.

Water quality sampling and flow measurement were conducted at four surface water and
four ground water sites selected to be representative of baseline water quality conditions and
suitable for detecting potential impacts from proposed oil and gas drilling and development
activities. These baseline data are also useful to indicate changes to natural water quality
resulting from changes in other activities (i.e. increased agriculture, industrial, municipal,
etc.) in addition to those of oil and gas drilling and production. Monitoring locations are
shown on Figure 1.

Surface Water Sites

Surface water sampling sites are identified by the creek initials. Figure 1 (next page) shows
the surface water sample site locations as circles. Site IDs, names, and general location
descriptions are as follows:

1D Name Site Description

FC Fourmile Creek upstream of Sunlight Ski area

NTC  North Thompson Creek upstream of reclaimed North Thompson Creek Mine
MTC Middle Thompson Creek upstream of Willow Park

SMTC South Middle Thompson Creek upstream of confluence with Middle Thompson Creek

Ground Water Sites

Ground water sampling sites consist of seeps and springs. Ground water sampling sites are
identified by site name initials. Figure 1 (next page) shows the ground water sample site
locations as triangles. Site IDs, names, and general location descriptions are as follows:

1D Name Site Description

SHS Sunlight Homestead Spring near Sunlight Ski area

YCS Yank Creek Spring near Yank Creek

SMTSP South Branch Middle Thompson Spring  near South Branch of Middle Thompson Creek
WCWPS Wolf Creek Well Pad Spring near the headwaters of Middle Thompson Creek

Samples were collected between February and October 2013, with dates representing the
normal range of hydrologic conditions. Sampling activities occurred during the following
time periods:

- Late February, 2013 - winter low flows



- Early April, 2013 - first flush of meltwaters
- Late May to early June, 2013 - spring runoft (high flows)
- Late September to early-mid October, 2013 - fall base flows

In a few instances, winter samples at groundwater sites were not collected due to a lack of
winter flows and/or access. In all cases documentary photos were taken at all monitoring
sites and can be obtained by contacting Thompson Divide Coalition. An overview of these
data is presented in Appendix 1.0 using summary statistics, while compilations of all
laboratory and field data are available by contacting Thompson Divide Coalition.
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Figure 1.0 Thompson Divide Sampling Area Map
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Laboratory Methods: Water Quality Constituents

This 2013 round of sampling incorporates a subset of water quality analytes from the first
round. This subset includes several anions that act as useful “tracers” of contamination and
are key indicators of the broader sampling conducted in the first round. The following
analytes were collected by RFC and analyzed by ALS Laboratory Group, Fort Collins, CO. The
anions included in this study were determined via ion chromatography.

The chemical constituents determined for each sample and the laboratory analytical methods
(US EPA method designations) employed are listed below. Analytical reporting limits for

these constituents are presented in Appendix 3.0.

General Chemistry

e Ammoniaas N Method 4500-NH3
e Nitrogen, Nitrate Method 300.0
e Sulfate Method 300.0

e Total Dissolved Solids Method 160.1

Three other analytes were collected during 2013 sampling. Alkalinity, Hardness, and pH were
collected and analyzed by Roaring Fork Conservancy staff, using RFC lab equipment,
following Colorado River Watch protocols- Colorado River Watch Water Quality Sampling
Manual For a complete citation refer to FSP Section 4.0.

General Chemistry
e Alkalinity as CaCOs Method Acid/base titration with sulfuric acid (H.SO4) as titrant

e Hardness as CaCO3 Method Acid/base titration with EDTA (ethylene diamine tetra
acetic acid) as titrant

e pH Method Calibrated Beckman pH meter

Quality Analysis / Quality Control Procedures

In order to ensure the quality of the data collected, a Quality Assurance/Quality Control
(QA/QC) Plan was designed to establish the policies, organization, objectives and specific
QA/QC activities for the associated Thompson Divide Field Sampling Plan (FSP).

In addition ALS Laboratory subjected all samples to its internal precision and accuracy
checks. Details concerning these ALS QA/QC procedures and results, together with chain-of-
custody documents, are available for public review at the offices of Thompson Divide
Coalition and Roaring Fork Conservancy. Finally, the analytical data were screened by the
independent consultant, Dr. Moran, using numerous checks for internal consistency to
locate potential errors (sampling, analytical, reporting).

All such QA/QC data indicated that these study data were of excellent quality for
determining the water quality baseline.
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3.0 Results

Compilations of all laboratory and field data are presented in the separate data file available
by contacting Thompson Divide Coalition. This separate file contains all data for each
monitoring location and sampling date as well as summary statistics.

An overview of these data is presented in Appendix 1.0 as summary statistics.

This appendix presents summary statistics for:

e all surface and ground water stations from this 2013 round of sampling;

e all surface and ground water stations from the original 2009-2010 round of sampling;
e acomparison of the 2009-2010 and 2013 summary Statistics.

These statistical summaries present the number of samples or measurements (n), the
minimum and maximum concentrations measured, the average (mean) concentration, and
the median concentration, which is the middle value in the range between the minimum and
the maximum. The median value is often a better indicator of a characteristic than the
average where population sizes are relatively small. Hence median values are discussed below
when characterizing these waters.

Discussion

Study data demonstrate that surface waters at the monitored sites had the following general
characteristics (based on median concentrations presented in Appendix 1.0): waters are cold
(median temperature = 2.6°C); highly oxygenated (median = 78% saturation), which is
adequate to support healthy cold-water fish populations; largely sediment-free, even during
spring runoff periods; slightly alkaline (median total alkalinity = 83 mg/L), with a median
field pH of 7.8. Consistently, all surface waters had low concentrations of dissolved contents
[median total dissolved solids (Lab TDS) = 110 mg/L], and median S.C. = 175 uS.

In general, these surface waters can be characterized as calcium-bicarbonate-rich waters,
common for uncontaminated waters with this type of geology. Most major chemical
constituents were present at concentrations below reporting limits or at low concentrations.
In summary, these surface waters show no indication of detectable contamination due to
human activities.!

Ground water data show these ground waters to be generally cold, sediment-free, oxygenated,
and free of any form of detectable contamination. No water quality constituents having
regulatory standards or criteria were detected at unacceptable concentrations in any samples.

! These studies emphasized chemical water quality, not microbiological characteristics. Thus, samples were not
collected to evaluate concentrations of bacteria and / or parasites (i.e. Giardia), or the suitability of these waters
for human consumption.
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All study ground waters had near-neutral or slightly alkaline pHs (median field pH = 7.4),
moderately oxygenated (median D.O. saturation = 55%), with low to moderate
concentrations of dissolved minerals (median Lab TDS = 240 mg/L), which is supported by
the median conductivity being = 418 uS. Thus, the study area ground waters had slightly
lower pHs and slightly higher TDS concentrations than the study surface waters—as was the
trend in the phase 1 (2009-2010) data.

These baseline water quality results are consistent with the conclusions presented in the
studies of benthic macroinvertebrate organisms and sediments by Miller (2010). Samples
collected for this study and the Miller (2010) study were collected at the same locations. This
report together with Miller (2010) indicate that the baseline waters are healthy,
uncontaminated and support significant populations of benthic aquatic organisms.

Additionally, sections of these creeks are considered of such high quality that the Colorado
State Water Quality Control Commission recently designated three reaches of Thompson
Creek as “Outstanding Waters”. The three reaches on North, Middle, and the South Branch
of Middle Thompson Creek, coincide with areas in this study, further corroborating the
results found here.

Additional Interpretive Comments

Elevated concentrations of ammonia, nitrate, and sulfate (Together with sulfide, chloride,
and orthophosphate, dissolved and total organic carbon collected during the phase 1
sampling) are often indicators of industrial, agricultural or human waste contamination. All
of the study surface and ground waters contained very low concentrations of these chemical
constituents.

Evidence for contamination from oil and gas drilling and development activities is often
indicated by rising concentrations of the chemical constituents described above (and in the
phase 1 report), frequently associated with increasing concentrations of various organic
compounds often associated with hydrocarbons and often in gaseous form. Increases in the
concentrations of numerous metals and metal-like elements may also indicate contamination
from oil and gas drilling and development, especially elements that are commonly mobile at
alkaline pHs such as arsenic, molybdenum, selenium, chromium, nickel, uranium, other
natural radioactive elements, etc. (Collins, 1975; Hem, 1985).

Normal Data Error/Limitations

All environmental data contain a range of expected error. Such routine error is due to a
combination of the variability in sampling and sample handling procedures, laboratory
procedures, and reporting errors. Such errors are always present in similar studies. Hence it is
important to attempt to gather data on the extent of the error (i.e. replicate precision data) so
that investigators may know how to reasonably use the data when making interpretations.
The data presented in this report comply with accepted quality checks and are clearly suitable
to define the water quality baseline. Nevertheless, readers should be cautioned not to assume
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that because, for example, the nitrate concentration at a site changes from 4.5 to 5.5 mg/L
between two successive sample episodes, that a true increase has occurred. Such an increase
may actually be the result of the errors mentioned above. Real changes would need to be
verified by collection of additional data over time, to reveal the actual trends. All such data
should be added to the existing data base and evaluated statistically---as has been done in this
report.

The statistical summaries presented (Appendix 1.0) allow the reader to evaluate trends in a
population of data rather than looking at only individual data points.

Standards and Criteria

Table 1.0 (next page) is a summary of the most important federal (US EPA) and Colorado
water quality standards and guidelines. They are by no means all-inclusive. This information
is presented merely to allow the reader a general picture of how the site baseline water quality
compares to these “yardsticks”. Standards are considered to be legally-enforceable while
criteria are generally treated as technical “recommendations”.

Because the site surface waters are used for multiple purposes, including cold-water fisheries,
agriculture, potential water supplies, etc., Table 1.0 includes both the federal drinking water
standards, and the U.S. and Colorado aquatic life criteria and standards. Readers should be
cautioned that the regulatory guidance documents for the Colorado Aquatic Life Standards
differ for each drainage basin within Colorado, and are complicated, and often confusing. It
should be understood that the Colorado Aquatic Life standards are partly the result of
technical toxicity information, which have then been altered / revised by complicated
regulatory negotiations with the larger industries and stakeholders in each drainage basin.
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Table 1.0 US EPA & Colorado Water Quality Standards & Criteria

Parameter Units US EPA US EPA US EPA Aquatic Life Colorado Aquatic Life
Criteria! Standards?
Drinking Secondary Acute Chronic Acute Chronic
Water Drinking
MCL? Water?
INORGANICS
pH Units 6.5t08.5 6.5t09 6.5t09
TDS mg/1 - 500 250 250 - -
Phosphorous mg/1 -- -- -- -- -- --
Sodium mg/1 30 to 60
Chloride mg/1 - 250 860 230 250 250
Chlorine mg/1 4 - 0.019 0.011 0.019 0.011
Sulfate mg/1 250 250 - - 250 250
Sulfide mg/1 - - - 0.002 0.002 0.002
Nitrate (as N) mg/1 10 - - -- 10 10
Nitrite (as N) mg/1 1 0.05 0.05
Total N mg/1 10
Ammonia mg/1 - 30 2.9to 0.26 to 0.002 to 0.032 t0 0.049
(as N) 5.0 1.8 0.325
Fluoride mg/1 4.0 2.0
METALS
Aluminum mg/1 0.05t00.2 0.75 0.087
Antimony mg/1 0.006
Arsenic mg/1 0.01 -- 0.34 0.15 0.34 0.02
(total rec)
Barium mg/1 2 -- -- - - --
Beryllium mg/1 0.004 -- -- - - --
Boron mg/1 -- -- -- -- 0.75 0.75
Cadmium mg/1 0.005 - 0.002 0.00025 0.0024 0.00037
Chromium III mg/1 --- --- 0.57 0.074 0.050 0.064
(total rec)
Chromium VI mg/1 - - 0.016 0.011 0.016 0.011
Chromium (tot) mg/1 0.1 - - -- -- -
Cobalt mg/1
Copper mg/1 1.3 1.0 0.013 0.009 0.0113 0.0077
Iron (tot) mg/1 - 0.3 - 1 0.30 0.30
Lead mg/1 0.015 - 0.065 0.0025 0.053 0.0021
Manganese mg/1 - 0.05 - -- 0.05 0.05
Mercury mg/1 0.002 0.0014 0.00077 0.01(Total) 0.01(Total)
Molybdenum mg/1 - - - -- -- -
Nickel mg/1 - - 0.47 0.052 0.403 0.045
Selenium mg/1 0.05 - - 0.005 0.0184 0.0046
Silver mg/1 --- 0.1 0.0032 - 0.0015 0.00023
Thallium mg/1 0.002
Tin - - - - - -
Uranium mg/1 0.03 0.030 0.030
Zinc mg/1 --- S 0.12 0.12 0.14 0.10
Alpha, Gross picoCi/L 15
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Appendices

Appendix 1.0 Laboratory and Field Data Statistical Summaries
Table A1.1 Water Quality Statistical Summaries (2013)

Thompson Divide WQ Statistical Summaries (2013)

E |

Surface Water Sites (rc, mtc, NTC, smTC)

Parameter Units | n |<values |minimum |[maximum average median
General Field Data

Discharge (field) f’fsec | 10 0 1.2 43.5

pH (field) pH 16 0 7.5 8.2 7.9 7.8
pH (lab) pH 16 0 7.6 8.3 8.1 8.1
Specific Conductance (field) puS/icm | 16 0 61 345 183 175
Dissolved Oxygen (field) mg/L | 16 0 8.9 11.4 10.3 10.3
Dissolved Oxygen % Saturation (field) % 16 0 66 83 76 78
Total Dissolved Solids (field) mg/L | 16 0 40 224 119 114
Total Dissolved Solids (lab) mg/L | 16 0 50 200 117 110
Water Temperature (field) °C 16 0 0.0 7.5 3.0 2.6
Oxidation-Reduction Potential (field) mv | 16 0 20 125 76 73
Major Anions

Ammonia as N mg/L | 16 16 0.1 0.1 0.1 0.1
Nitrate as N mg/L | 16 12 0.2 0.3 0.2 0.2
Sulfate mg/L | 16 0 2.1 8.7 5.0 5.0
Others

Alkalinity, Total mg/L | 16 0 26 192 89 83
Hardness mg/L | 16 0 22 182 85 76

Ground Water Sites (sHs, smtsp, wewps, Ycs)

Parameter Units | n |<values minimum |maximum |average median
General Field Data

Discharge (field) gal/min| 8 0 0.28 9.54

pH (field) pH 10 0 7.1 8.2 7.6 7.4
pH (lab) pH 10 0 7.0 7.7 7.5 7.6
Specific Conductance (field) uSiem | 10 0 73 587 360 418
Dissolved Oxygen (field) mg/L | 9 0 55 94 7.1 6.4
Dissolved Oxygen % Saturation (field) % 9 0 47 79 58 55
Total Dissolved Solids (field) mg/L | 10 0 47 382 234 271
Total Dissolved Solids (lab) mg/L | 10 0 71 350 213 240
Water Temperature (field) °C 10 0 2.7 1.5 7.7 8.2
Oxidation-Reduction Potential (field) m\V 9 0] 19 130 58 42
Major Anions

Ammonia as N mg/L | 10 10 0.1 0.1 0.1 0.1
Nitrate as N mg/L | 10 6 0.2 0.3 0.2 0.2
Sulfate mg/L | 10 0 3 34 11.3 9.4
Others

Alkalinity, Total mg/L | 10 0 16 338 186 220
Hardness mg/L | 10 0 20 318 184 223
Footnotes

» The column heading "n" refers to the number of total measurements/ab determinations.

e The column heading "< values " refers to the number of "less than" values where the result was below laboratory reporting limits. (i.e <20).

= All bolded statistics represent "less than" (<) values and are based on the numeric value of the qualified result (i.e. <20 was converted to 20).
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Table A1.2 Water Quality Statistical Summaries (2009-2010)

Thompson Divide WQ Statistical Summaries (2009-2010)

(For explanations see footnotes below)

[
Surface Water Sites (rc, mTc, NTC, SMTC)
Parameter Units | n |#of < values | minimum | maximum | average | median
General Field Data
Discharge (field) ft'/sec | 16 1.4 152.5
pH (field) pH 19 0 7.8 8.7 8.4 8.4
pH (lab) pH 20 0 7.6 8.4 8.1 8.1
Specific Conductance (field) pS/em| 20 0 57 355 199 195
Specific Conductance (lab) uS/ecm| 16 0 45 341 180 189
Dissolved Oxygen (field) mg/L | 20 0 7.9 11.0 95 96
Dissolved Oxygen % Saturation (field)| % 20 0 56 80 75 P
Total Dissolved Solids (field) mg/L | 19 0 37 231 130 127
Total Dissolved Solids (lab) mg/L | 16 0 66 200 118 115
Total Suspended Solids (lab) mg/L | 16 14 20 23 20 20
Water Temperature (field) °C | 20 0 0.1 124 57 6.1
Oxidation-Reduction Potential (field) mv | 17 0 113 324 185 174
Major Cations
Calcium T mg/L | 16 0 7.3 100.0 32.2 26.5
Calcium D mg/L | 16 0 7.0 57.0 28.2 26.0
Magnesium T mg/L | 16 0 1.4 13 53 4.3
Magnesium D mg/L | 16 0 1.3 8.8 48 4.2
Potassium T mg/L | 16 11 1 2.3 1.2 1
Potassium D mg/L | 16 12 1 2.3 1.1 1
Sodium T mg/L | 16 0 1.4 13 6.2 7.4
Sodium D mg/L | 16 0 1.3 8.7 59 75
Major Anions
Ammonia as N mg/L | 16 16 0.1 0.1 0.1 0.1
Bicarbonate mg/L | 16 0 22 190 102 100
Carbonate mg/L | 16 16 5 20 14 15
Chiloride mg/L | 16 0 0.3 0.99 0.63 0.53
Fluoride mg/L | 16 4 0.1 0.16 0.13 0.12
Nitrate as N mg/L | 16 15 0.2 0.2 0.2 0.2
Nitrite as N mg/L | 16 16 0.1 0.1 0.1 0.1
Sulfate mg/L | 16 0 1.9 8.1 4.7 57
Other Non-metals and nutrients
Alkalinity mg/L | 20 0 22 200 105 100
Carbon, Dissolved Organic mg/L | 16 0 1.4 8.9 35 2.1
Hardness mg/L | 4 0 72 180 109 92
Orthophosphate as P mg/L | 16 16 0.5 0.5 0.5 0.5
Sulfide, Total mg/L | 16 16 2 2 2 2
Metals and Metalloids
Aluminum T mg/L | 16 10 0.1 1.1 0.35 0.1
Aluminum D mg/L | 16 12 0.1 0.45 0.16 0.1
Antimony T mg/L | 16 16 0.0003 0.0003 0.0003 | 0.0003
Antimony D mg/L | 16 16 0.0003 0.0003 0.0003 | 0.0003
Arsenic T mg/L | 16 16 0.002 0.002 0.002 0.002
Arsenic D mg/L | 16 16 0.002 0.002 0.002 0.002
Barium T mg/L | 16 11 0.1 0.74 0.17 0.1
Barium D mg/L | 16 13 0.1 0.27 0.13 0.1
Beryllium T mg/L | 16 16 0.005 0.005 0.005 0.005
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Parameter Units | n |#of < values | minimum | maximum | average Amedian
Beryllium D mg/L | 16 16 0.005 0.005 0.005 0.005
Boron T mg/L | 16 16 0.1 0.1 0.1 0.1
Boron D mg/L | 16 16 0.1 0.1 0.1 0.1
Cadmium T mg/L | 16 16 0.0003 0.0003 0.0003 | 0.0003
Cadmium D mg/L | 16 16 0.0003 0.0003 0.0003 | 0.0003
Chromium T mg/L | 16 16 0.01 0.01 0.01 0.01
Chromium D mg/L | 16 16 0.01 0.01 0.01 0.01
Cobalt T mg/L | 16 16 0.01 0.01 0.01 0.01
Cobalt D mg/L | 16 16 0.01 0.01 0.01 0.01
Copper T mg/L | 16 16 0.01 0.01 0.01 0.01
Copper D mg/L | 16 16 0.01 0.01 0.01 0.01
IronT mg/L | 16 5 0.1 1.00 0.39 0.20
Iron D mg/L | 16 11 0.1 0.32 0.15 0.1
Lead T mg/L | 16 13 0.0005 0.00072 | 0.00052 | 0.0005
Lead D mg/L | 16 15 0.0005 0.00074 | 0.00052 | 0.0005
Manganese T mg/L | 16 T 0.01 0.039 0.019 0.016
Manganese D mg/L | 16 12 0.01 0.021 0.013 0.01
Mercury T mg/L | 16 16 0.0002 0.0002 0.0002 | 0.0002
Mercury D mg/L | 16 16 0.0002 0.0002 0.0002 | 0.0002
Molybdenum T mg/L | 16 16 0.001 0.001 0.001 0.001
Molybdenum D mg/L | 16 16 0.001 0.001 0.001 0.001
Nickel T mg/L | 16 16 0.02 0.02 0.02 0.02
Nickel D mg/L | 16 16 0.02 0.02 0.02 0.02
Selenium T mg/L | 16 16 0.001 0.001 0.001 0.001
Selenium D mg/L | 16 16 0.001 0.001 0.001 0.001
Silver T mg/L | 16 16 0.01 0.01 0.01 0.01
Silver D mg/L | 16 16 0.01 0.01 0.01 0.01
Thallium T mg/L | 16 16 0.0002 0.0002 0.0002 | 0.0002
Thallium D mg/L | 16 16 0.0002 0.0002 0.0002 | 0.0002
TinT mg/L | 16 16 0.05 0.05 0.05 0.05
TinD mg/L | 16 16 0.05 0.05 0.05 0.05
Uranium T mg/L | 16 2 0.0001 0.00340 | 0.00057 | 0.00030
Uranium D mg/L | 16 2 0.0001 0.00095 | 0.00038 | 0.00028
Zinc T mg/L | 16 16 0.020 0.020 0.020 0.020
Zinc D mg/L | 16 15 0.02 0.026 0.020 0.02
Radiation

Gross Alpha pCi/L | 16 16 -0.39 1.70 0.55 0.58
Gross Beta pCi/L | 16 16 0.6 2.8 1.4 1.6
Organics (dissoved gases)

Ethane pg/l | 16 16 2 2 2 2
Ethene Mg/l | 16 16 1 1 1 1
Methane Mg/l | 16 13 1 25 1.2 1
Organics (SVOCs)

1-METHYLNAPHTHALENE pg/l | 16 16 9.5 10 9.8 9.8
2,3,4,6-TETRACHLOROPHENOL Mg/l | 16 16 9.5 10 9.8 9.8
2,4,5-TRICHLOROPHENOL pg/l | 16 16 9.5 10 9.8 9.8
2,4,6-TRICHLOROPHENOL Mg/l | 16 16 9.5 10 9.8 9.8
2,4-DICHLOROPHENOL pg/l | 16 16 9.5 10 9.8 9.8
2,4-DIMETHYLPHENOL Mg/l | 16 16 9.5 10 9.8 9.8
2,4-DINITROPHENOL pg/l | 16 16 19 20 20 20
2-CHLOROPHENOL pg/l | 16 16 9.5 10 9.8 9.8
2-METHYLNAPHTHALENE pg/l | 16 16 9.5 10 9.8 9.8
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Parameter Units | n | #of < values |minimum | maximum | average | median
2-METHYLPHENOL Mg/L | 16 16 9.5 10 9.8 9.8
2-NITROPHENOL Mg/L | 16 16 9.5 10 9.8 9.8
3+4-METHYLPHENOL Mg/L | 16 16 9.5 10 9.8 9.8
4,6-DINITRO-2-METHYLPHENOL Mg/L | 16 16 19 20 20 20
4-CHLORO-3-METHYLPHENOL Mg/L | 16 16 9.5 10 9.8 9.8
4-NITROPHENOL Mg/L | 16 16 19 20 20 20
ACENAPHTHENE Mg/L | 16 16 9.5 10 9.8 9.8
ACENAPHTHYLENE Mg/L | 16 16 9.5 10 9.8 9.8
ANTHRACENE Mg/L | 16 16 9.5 10 9.8 9.8
BENZO(A)ANTHRACENE Mg/L | 16 16 9.5 10 9.8 9.8
BENZO(A)PYRENE Mg/L | 16 16 9.5 10 9.8 9.8
BENZO(B)FLUORANTHENE Mg/L | 16 16 9.5 10 9.8 9.8
BENZO(G,H,|)PERYLENE Mg/L | 16 16 9.5 10 9.8 9.8
BENZO(K)FLUORANTHENE Mg/L | 16 16 9.5 10 9.8 9.8
CHRYSENE Mg/L | 16 16 9.5 10 9.8 9.8
DIBENZO(A,H)ANTHRACENE Mg/L | 16 16 9.5 10 9.8 9.8
FLUORANTHENE Mg/L | 16 16 9.5 10 9.8 9.8
FLUORENE Mg/L | 16 16 9.5 10 9.8 9.8
INDENO(1,2,3-CD)PYRENE Mg/L | 16 16 9.5 10 9.8 9.8
NAPHTHALENE Mg/L | 16 16 9.5 10 9.8 9.8
PENTACHLOROPHENOL Mg/L | 16 16 19 20 20 20
PHENANTHRENE Mg/L | 16 16 9.5 10 9.8 9.8
PHENOL Mg/L | 16 16 9.5 10 9.8 9.8
PYRENE Mg/L | 16 16 9.5 10 9.8 9.8
SVOC Tentatively Identified Compounds Mg/L |None detected for all samples

Organics (VOCs)

1,1,1,2-TETRACHLOROETHANE Mg/L | 16 16 1 1 1 1
1,1,1-TRICHLOROETHANE Mg/l | 16 16 1 1 1 1
1,1,2,2-TETRACHLOROETHANE Mg/L | 16 16 1 1 1 1
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE | Mg/L | 16 16 1 1 1 1
1,1,2-TRICHLOROETHANE Mg/l | 16 16 1 1 1 1
1,1-DICHLOROETHANE Mg/l | 16 16 1 1 1 1
1,1-DICHLOROETHENE Mg/L | 16 16 1 1 1 1
1,1-DICHLOROPROPENE Mg/L | 16 16 1 1 1 1
1,2,3-TRICHLOROBENZENE Mg/L | 16 16 1 1 1 1
1,2,3-TRICHLOROPROPANE Mg/L | 16 16 1 1 1 1
1,2,4-TRICHLOROBENZENE Mg/L | 16 16 1 1 1 1
1,2,4-TRIMETHYLBENZENE Mg/L | 16 16 1 1 1 1
1,2-DIBROMO-3-CHLOROPROPANE| ug/L | 16 16 2 2 2 2
1,2-DIBROMOETHANE Mg/L | 16 16 1 1 1 1
1,2-DICHLOROBENZENE Mg/L | 16 16 1 1 1 1
1,2-DICHLOROETHANE Mg/L | 16 16 1 1 1 1
1,2-DICHLOROPROPANE Mg/L | 16 16 1 1 1 1
1,3,5-TRIMETHYLBENZENE Mg/L | 16 16 1 1 1 1
1,3-DICHLOROBENZENE Mg/L | 16 16 1 1 1 1
1,3-DICHLOROPROPANE Mg/L | 16 16 1 1 1 1
1,4-DICHLOROBENZENE Mg/L | 16 16 1 1 1 1
1-CHLOROHEXANE Mg/L | 16 16 1 1 1 1
2,2-DICHLOROPROPANE Mg/L | 16 16 1 1 1 1
2-BUTANONE Mg/L | 16 16 10 10 10 10
2-CHLOROTOLUENE Mg/L | 16 16 1 1 1 1
2-HEXANONE Mg/l | 16 16 10 10 10 10
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Parameter Units | n | # of < values A minimum | maximum | average | median
4-CHLOROTOLUENE Mg/l | 16 16 1 1 1 1
4-METHYL-2-PENTANONE pa/L | 16 16 10 10 10 10
ACETONE Mg/l | 16 16 3.8 10 9.2 10
BENZENE Mg/L | 16 16 1 1 1 1
BROMOBENZENE Mg/l | 16 16 1 1 1 1
BROMOCHLOROMETHANE Mg/l | 16 16 1 1 1 1
BROMODICHLOROMETHANE Mg/l | 16 16 1 1 1 1
BROMOFORM Mg/l | 16 16 1 1 1 1
BROMOMETHANE Mg/L | 16 16 1 1 1 1
CARBON DISULFIDE Mg/l | 16 16 1 1 1 1
CARBON TETRACHLORIDE Mg/l | 16 16 1 1 1 1
CHLOROBENZENE Mg/l | 16 16 1 1 1 1
CHLOROETHANE Mg/L | 16 16 1 1 1 1
CHLOROFORM Mg/l | 16 16 1 1 1 1
CHLOROMETHANE Mg/l | 16 16 1 1 1 1
CIS-1,2-DICHLOROETHENE Mg/l | 16 16 1 1 1 1
CIS-1,3-DICHLOROPROPENE Mg/l | 16 16 1 1 1 1
DIBROMOCHLOROMETHANE Mg/l | 16 16 1 1 1 1
DIBROMOMETHANE Mg/l | 16 16 1 1 1 1
DICHLORODIFLUOROMETHANE Mg/l | 16 16 1 1 1 1
ETHYLBENZENE Mg/l | 16 16 1 1 1 1
HEXACHLOROBUTADIENE Mg/l | 16 16 1 1 1 1
IODOMETHANE pg/L | 16 16 1 1 1 1
ISOPROPYLBENZENE Mg/l | 16 16 1 1 1 1
M+P-XYLENE pg/L | 16 16 1 1 1 1
METHYL TERTIARY BUTYL ETHER | pg/L | 16 16 1 1 1 1
METHYLENE CHLORIDE Mg/l | 16 16 1 1 1 1
NAPHTHALENE Mg/l | 16 16 1 1 1 1
N-BUTYLBENZENE Mg/l | 16 16 1 1 1 1
N-PROPYLBENZENE pg/L | 16 16 1 1 1 1
O-XYLENE Mg/l | 16 16 1 1 1 1
P-ISOPROPYLTOLUENE Mg/l | 16 16 1 1 1 1
SEC-BUTYLBENZENE pg/L | 16 16 1 1 1 1
STYRENE pg/L | 16 16 1 1 1 1
TERT-BUTYLBENZENE Mg/l | 16 16 1 1 1 1
TETRACHLOROETHENE Mg/l | 16 16 1 1 1 1
TOLUENE Mg/l | 16 16 0.34 1 0.96 1
TRANS-1,2-DICHLOROETHENE Mg/l | 16 16 1 1 1 1
TRANS-1,3-DICHLOROPROPENE Mg/l | 16 16 1 1 1 1
TRICHLOROETHENE Mg/l | 16 16 1 1 1 1
TRICHLOROFLUOROMETHANE Mg/l | 16 16 1 1 1 1
VINYL ACETATE pg/L | 16 16 2 2 2 2
VINYL CHLORIDE pg/L | 16 16 1 1 1 1
VOC Tentatively Identified Compounds Mg/L |None detected for all samples

Footnotes

e Parameters with a T denote Total Recoverable concentrations, those with a D denote Dissolved concentrations.

e The column heading "n" refers to the number of total measurements/lab determinations. |

e All bolded statistics represent "less than" (<) values and are based on the numeric value of the qualified result

(i.e. <20 was converted to 20).

|

| |

e Gross alpha and beta detection limits depend partly on radiation back-calculations of net activity and can

therefore result in positive or negative values. All bolded humbers represent "less than" values as noted above.
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Thompson Divide WQ Statistical Summaries (2009-2010)

(For explanations see footnotes below)

Ground Water Sites (sHs, smMTsp, wewps, YCS)

Parameter Units | n | # of < values | minimum |maximum| average | median
General Field Data

Discharge (field) gal/min| 13 0.04 428

pH (field) pH 16 0 7.0 8.1 7.6 7.6
pH (lab) pH 16 0 6.8 7.9 7.5 7.4
Specific Conductance (field) pS/cm| 16 0 61 620 363 392
Specific Conductance (lab) pS/em| 12 0 53 567 379 428
Dissolved Oxygen (field) mg/L | 16 0 3.0 8.7 6.5 6.1
Dissolved Oxygen % Saturation (field) % 15 0 26 68 51 50
Total Dissolved Solids (field) mg/L | 15 0 40 403 240 263
Total Dissolved Solids (lab) mg/L | 12 0 61 320 222 240
Total Suspended Solids (lab) mg/L | 12 12 20 20 20 20
Water Temperature (field) 2C 16 0 0.9 10.0 6.3 6.8
Oxidation-Reduction Potential (field) mvV | 15 0 63 225 138 129
Major Cations

Calcium T mg/L | 12 0 7.2 100 55.3 59
Calcium D mg/L | 12 0 7.5 100 60.4 59
Magnesium T mg/L | 12 1 1 19 11.0 12
Magnesium D mg/L | 12 1 1 19 11.4 12
Potassium T mg/L | 12 6 1 14 1.2 1.1
Potassium D mg/L | 12 5 1 1.6 1.1 1.1
Sodium T mg/L | 12 0 3.0 14 7.8 7.2
Sodium D mg/L | 12 0 3.1 14 83 7.3
Major Anions

Ammonia as N mg/L | 12 12 0.1 0.1 0.1 0.1
Bicarbonate mg/L | 12 0 27 320 209 225
Carbonate mg/L | 12 12 5 20 17 20
Chloride mg/L | 12 0 0.4 22 1.3 1.4
Fluoride mg/L | 12 2 0.1 0.22 0.15 0.15
Nitrate as N mg/L | 12 10 0.2 0.3 0.2 0.2
Nitrite as N mg/L | 12 12 0.1 0.1 0.1 0.1
Sulfate mg/L | 12 0 2 15 7.5 50
Other Non-metals and nutrients

Alkalinity mg/L | 16 0 27 320 202 221
Carbon, Dissolved Organic mg/L | 12 5 1 8.9 2.2 1.3
Hardness mg/L | 4 0 42 228 138 140
Orthophosphate as P mg/L | 12 12 0.5 0.5 0.5 0.5
Sulfide, Total mg/L | 12 12 2 2 2 2
Metals and Metalloids

Aluminum T mg/L | 12 10 0.1 0.19 0.11 0.1
Aluminum D mg/L | 12 11 0.1 0.15 0.10 0.1
Antimony T mg/L | 12 11 0.0003 0.00071 | 0.00033 | 0.0003
Antimony D mg/L | 12 10 0.0003 0.00130 | 0.00039 | 0.0003
Arsenic T mg/L | 12 12 0.002 0.002 0.002 0.002
Arsenic D mg/L | 12 12 0.002 0.002 0.002 0.002
Barium T mg/L | 12 3 0.1 0.78 0.28 0.13
Barium D mg/L | 12 2 0.1 0.77 0.33 0.13
Beryllium T mg/L | 12 12 0.005 0.005 0.005 0.005
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