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Abstract
Cook, Robyn C., M.S., 2005 Geology

Defining river recharge and the fate of arsenic in the shallow groundwater system
adjacent to a losing river, Western Montana.

Chair/Director: William W. Woessner W [ 2/ 2 3/ ot

Groundwater supplies drinking water to approximately 50% of the United States
population. The Missoula Valley Aquifer is a Sole Source Aquifer and provides water for
over 60,000 residents of the Missoula Valley. It has become largely recognized that rivers
and groundwater can be highly connected, and this has implications for water supply
wells located near rivers. In these settings the quality of water that is being infiltrated
through the river banks is of concern, even though bank storage and infiltration are
viewed to serve as a first line of defense to sustain water supplies against pathogens and
trace metals.

The Clark Fork River and the Missoula Valley Aquifer are so well connected it is hard
to distinguish one from the other. The chemical similarities make it difficult to use a
chemical mixing model in this setting. It has been found that groundwater, especially
shallow groundwater near the Clark Fork River, follows the same temporal trends for
both isotopes and conservative chemistry, suggesting that the river is well connected to
shallow groundwater in the Madison area of Missoula. Deeper groundwater near the river
and groundwater in more distal areas of the study area have more stable chemistry than
the surface water.

This study has shown that there are changes in groundwater arsenic concentrations when
there are changes in surface water arsenic concentrations. Unfortunately, due to the
complexity of the natural system, the prediction of where, when or to what extent surface
water chemistry influences groundwater is limited at best. It is almost certain that if the
river ever contained high concentrations of arsenic (or any other hazardous material) that
both shallow and deep groundwater will be affected. The Clark Fork River is serving as a
source of all chemical constituents to the aquifer. While these constituents may be stored
in the vadose zone for periods of time, eventually groundwater throughout the valley will
be affected by surface water chemistry. Groundwater on the north side of the river does
not appear to be impacted by the Clark Fork River chemistry, especially with distance
from the river.
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Introduction

Groundwater supplies drinking water to approximately 50% of the United States
population [Solley et. al., 1993 and 1998]. It has become largely recognized that rivers
and groundwater can be highly connected, and this has implications for water supply
wells located near rivers [Bowers and Caldwell, 2003; Derouane and Dassargues, 1998;
Kelly, 2002; McCarthy et al., 1992]. In these settings the quality of water that is being
infiltrated through the river banks is of concern [Eckert et al., 2002; Chen and Chen,
2003], even though bank storage and infiltration are viewed to serve as a first line of
defense to sustain water supplies against pathogens and trace metals [Sheets et. al., 2002;
Herberger et al., 2004].

The Missoula Valley Aquifer is a Sole Source Aquifer and provides water for
over 60,000 residents of the Missoula Valley. The aquifer is unconfined and coarse
grained. In the eastern portion of the aquifer, including the city of Missoula, the Clark
Fork is a source of groundwater recharge, from 50% to over 90% [ Woessner, 1988;
Miller, 1991; LaFave, 2002]. Several high yield production wells operated by Mountain
Water Company are located near the river. The capture zones to these wells and areas of
contribution have not been fully derived. The objective of this study was to identify the
recharge sources for the eastern portion of the Missoula Valley Aquifer, and to quantify
how recharge sources impact produced water quality. Of special concemn is determining
how dissolved arsenic in river water behaves during infiltration and transport from the
surface water to the groundwater. This work assesses the utility of evaluating this

complex physical and geochemical system using a mixing model approach.



Mixing models have been used in numerous studies to determine the sources and
quantities of water found in streams during storm events [Hooper and Shoemaker, 1986;
Genereux et al., 1993; Ogunkoya and Jenkins, 1993; Durand and Torres, 1996, Vitvar
and Balderer, 1997; Kendall et al., 1999; Katsuyama et al., 2001; Joerin et al., 2002] and
to groundwater [McCarthy et al., 1992; Maulé et al., 1994; Datta et al., 1996]. End
member mixing analysis (EMMA) relies on source waters having distinct chemical
signatures. As a result, the stream water being investigated is considered a combination
of end-members, depending on the quantity of each component that is contributed to the
stream. The same theory can be applied to groundwater. Common chemical constituents
used as tracers are calcium, magnesium, potassium, sodium, iron, silica, chloride and
fluoride [Kennedy et al., 1986; Obrdadovic and Sklash, 1987; Joerin et al., 2002; Kelly,
2002]. Ideally, this study will make it possible to predict the concentrations of chemical
elements in groundwater as a function of discernable recharge source chemistry.

In addition to applying standard geochemical constituent analyses, stable isotopes
were also assessed. Isotopic data have been used to determine surface water and
groundwater miXing. [Stichler and Moser, 1977; Sklash and Farvolden, 1979; Muir and
Coplen, 1981; Payne, 1981; Ferronsky et al., 1982; Payne, 1983; Kennedy et al., 1986,
Iacovides, 1988; Darling et al., 1990; Krabbenhoft et al., 1990; McCarthy et al., 1992;
Taylor et al., 1992; Kay et al., 2002; Kelly, 2002; Constantz et al., 2003]. These studies
utilized 8'30 and 8”H (or 8D) as tracers because these naturally occurring stable isotopes
behave conservatively.

The isotopic composition of river water and groundwater recharge sources often



vary because of isotopic fractionation that occurs as water enters and moves through a
watershed. [Coplen, 1993; Coplen et al., 1999]. For example, the process of water

evaporating and then being condensed isolates the heavier isotope (Figure 1).

180 = -21%0
H =-158%o0

CONTINENT

80 = %o
’H = 0%0

Figure 1. Fractionation of 80 and 3D. [After Coplen et al., 1999]. Concentrations are
shown as the ratio of water (water vapor or rain) to the standard (Vienna Standard Mean
Ocean Water or VSMOW) and symbolized as %o.

The amount of heavy isotopes in any given precipitation event varies spatially depending
on altitude, latitude, season, the distance inland from the ocean, and the magnitude of
precipitation [Coplen et al., 1999].

Using isotopes in mountainous catchments has allowed investigators to determine
source water because precipitation originating at various elevations has different
signatures that can be identified [Hooper and Shoemaker, 1986; Skiash, 1990; Mayo et
al., 1992; Taylor et al., 1992; Hoeg et al., 2000]. Isotopes may also be used to determine
sources of water to a stream, as long as the end members are significantly different.

Usually studies seek to isolate pairs of sources such as old groundwater and precipitation,

or stored groundwater and snowmelt. Several studies have used 5'%0 in snowmelt to



calculate the amount of new water that is introduced to a system during runoff [ Hooper
and Shoemaker, 1986; Maulé et. al., 1994; Shanley et. al., 2002; Taylor et. al., 2002;
Huth et. al., 2004].

Sklash and Farvolden [1979 and 1982] set up criteria for using isotopes to
separate new and old sources of water:

1. The groundwater and baseflow are characterized by a single isotopic content.

2. The rain or snowmelt water is characterized by a single isotopic content or

variations in the isotopic content are documented.
3. The isotopic content of the event water is significantly different from the
groundwater/baseflow.

4. Vadose water contributions to the stream are negligible.

5. Surface storage water contributions to the stream are negligible.
Study sites that fit all of the above criteria are suitable for using isotopes as tracers.
Unfortunately, two major disadvantages to using isotopes are that the old and new water
must have different isotopic signatures, and that can not be known with any certainty
before the study. LaFave [2002] collected 20, deuterium, arsenic, radioactive isotope
and environmental tracer data for the Missoula Valley Aquifer. His work showed a
significant seasonal variation in the isotopic composition of the river water and
groundwater.

In addition to sorting out the sources of recharge to the Missoula Valley Aquifer,
the occurrence of and behavior of dissolved arsenic in recharge sources and within the

aquifer were also investigated. This is of particular concern as current river and



watershed conditions contribute arsenic to the river and it is anticipated the levels may
rise or become more variable during a dam removal operation planned for the Milltown
Dam located approximately 6 river miles upstream of Missoula. Arsenic has been found
in groundwater across the U.S., in concentrations both above and below the current EPA
limit of 50 pg/L (parts per billion) [ Welch, 2000; see Appendix 1]; the proposed new
limit, that will be in effect starting January 23, 2006, is 10 pg/L. At the Milltown dam site
it is estimated that there is between 1500 and 2650 MT (metric tons) of arsenic being
stored in the Milltown reservoir sediments /Moore and Woessner, 2003]. While the
Milltown reservoir serves as a sink for arsenic during periods of low flow, is has been
shown that during peak flows the sediment in the reservoir is remobilized and
contaminated sediment is released downstream [Mickey, 1998; Shifflett, 2002]. Some of
the arsenic in the reservoir sediment is also released into the local groundwater and pore
water through oxidation of metal sulfides [Mickey, 1998]. The Milltown Dam is
scheduled for removal over the winter of 2006-2007 and during this process 2 MT of the
most contaminated sediment is scheduled to be removed while the remaining
approximately 6 MT will be left in place. The EPA has proposed that dissolved arsenic
concentrations in the river will be allowed to increase to 10 pg/L for 30 days and up to
340 pg/L for single 24 hours periods. Concern has been voiced that remediation and
restoration actions may impact the Clark Fork River and other possible recharge sources
to the Missoula Valley Aquifer.

In general the geochemical conditions that influence the transport of dissolved

arsenic from an impacted river to the underlying groundwater are not well understood.



Few studies have focused on how arsenic behaves in the vadose zone between a river and
an alluvial aquifer. Nagorski and Moore [1999] found elevated levels of arsenic in a
hyporheic zone, containing sediments composed partially of mine waste. Bourg and
Bertin [1993] investigated the infiltration of river water to an alluvial aquifer and found
that several processes took place to reduce the concentration of manganese along the
flowpath. Controls on the occurrence and migration of arsenic include adsorption,
dissolution, precipitation and redox reactions. Several studies have found that arsenic is
sbrbed to iron and manganese oxyhydroxides, and is released when these oxides are
dissolved due to changing redox conditions [Goldberg , 1986; Peterson and Carpenter,
1986; Aggett and Kreigmann, 1988; Moore et. al., 1988; Masscheleyn et. al., 1991; Lucy,
1996; Manning and Goldberg, 1997; Nicholas et. al., 2003 and others].

Hopefully, understanding the fate of arsenic in the Clark Fork River and the
Missoula Valley Aquifer will lead to an understanding of arsenic fate and suggest how

changes in surface water quality may influence produced groundwater quality.

Site Description

The study area encompasses approximately 5.8 mi” in the Missoula Valley of
Western Montana (46°52°30”N, 114°0°0”W) (Figure 2). The Clark Fork River, which
flows through the valley, drains an area of 6,000 mi’, 28% of the entire area of the river’s
basin in Montana. Average discharge for the Clark Fork in the study area peaks at
approximately 10,000 cubic feet per second (cfs) in June, and is usually at a minimum of

between 1,200 and 1,500 cfs from September to January [USGS CFR above Missoula,



based on a 75 year average]. The hydrograph for this study period, April 28, 2004 to

June 16, 2005 (Figure 3) corresponds with a period of drought where stream discharge is

less than average.

The city of Missoula receives an average of 13.53 inches of precipitation

annually. The average high and low temperatures are 86 °F in July and 31 °F in January

[NRIS, based on records from 1893 to 2004]. Currently, the region is in a period of

moderate to severe drought, and has been for the past four to seven years [VRIS, 2005].

Snowpack for the 2004-2005 year was close to the thirty year minimum (Figure 4).
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Figure 2. The study area is located in the city of Missoula in Western Montana (A). Sample
locations are spaced throughout the city (B), with the highest density in the Madison Bridge area
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(C). Samples were taken from surface water, shallow and deep monitoring wells and production
wells.
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Figure 3. The hydrograph for the Clark Fork River during the study period. There was a
period of non-record during January because of ice cover. In general, the hydrograph is
below the seventy-five year average (red line).
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Figure 4. Average snowpack for the Upper Clark Fork River Basin. From December
2004 to May 2005 values were close to or below the 30 year minimum. (From NRIS.)
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Underlying the entire valley floor is the Missoula Valley Aquifer. This
unconfined aquifer consists of Quaternary glacial and fluvial deposits of silt, sand, gravel,
cobbles and boulders. Previous work identified three general layers: The top 10 to 30 ft
is coarse but often lies above the saturated zone, and is underlain by roughly 40 ft of finer
material. Below the fine material is the primary water bearing unit, which ranges from 50
to 100 ft in thickness and is dominated by coarse material [ Woessner, 1988]. In the valley
the aquifer overlies much finer grained Tertiary sediments [Clark, 1986; Morgan, 1986;
Woessner, 1988] (Figure 5), and in Hellgate Canyon the coarse deposits are underlain by

the Missoula Group of the Belt Supergroup bedrock [Gestring, 1994; Nyquest, 2001].



Schematic Cross Section of Study Area
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Figure 5. Location map and schematic cross section ofthe Missoula Valley. The
Missoula Valley Aquifer is in the Valley Alluvium, which is underlain by Tertiary

sediments. In Hellgate Canyon the aquifer is directly on top ofthe Precambrian Bedrock.
(A fter Morgan, 1986)
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Groundwater flow through the eastern portion of the valley is generally to the
southwest south of the Clark Fork River, and northwest north of the river (Figure 6).
Horizontal hydraulic conductivity for the study area ranges from 800 to 20,000 feet per
day [Tallman, 2005]. The Clark Fork River is perched above the unconfined aquifer,
separated by a vadose zone that is approximately 5 ft thick in Hellgate Canyon and 17 ft
in the Madison area [7allman, 2005]. According to Tallman [2005] recharge

contributions to the aquifer are as follows:

Source Percentage Contributed to Missoula Aquifer
The Clark Fork River 82.6% (148,300 - 510,200 acre-ft/year)
Rattlesnake Creek 2.4% (4,159 — 14,808 acre-ft/year)
Underflow from Hellgate Canyon 11.9% (32,000 — 64,000 acre-ft/year)
Underflow from Rattlesnake Creek 0.5% (1,175 — 2,866 acre-ft/year)

Line Loss from Mt. Water Company 1.6% (4,929 — 7,842 acre-ft/year)
Adjacent Tertiary Hills 0.3% (511 — 2,043 acre-ft/yr

Inflow from Patty Creek Drainage 0.6% (1,304 — 1,956 acre-ft/year)
Precipitation 0.1% (292 — 438 acre-ft/year)

11
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Legend
O Monitoring Wells
Production Wells
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950 1.900 3.600 5.700 1015 0.3 1 g Direction

Figure 6. Groundwater flow for the Missoula Valley. Flow is to the southwest on the
southern side ofthe Clark Fork River, and to the northwest on the northern side of the
river. Note the steep gradient in the mouth ofthe Rattlesnake drainage.

The water purveyor for the city of Missoula is Mountain W ater Company. It
operates 36 wells in the main valley area; all oftheir wells generally are 8 to 18 inches in
diameter. The wells finished in the eastern portion ofthe aquifer are completed to a depth
0f 90 to 270 ft below land surface (one well is finished at 360 ft below land surface) and
commonly perforated from 80 to 120 ft at the aquifer base. Well yields range from 220 to

5,600 gallons per minute, the largest of which are obtained from sites adjacent to the

Clark Fork River (Figure 6).
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Methods

Sites for geochemical sampling and water level monitoring were selected
throughout the Missoula valley based on location, accessibility, and previous
investigations and hydrogeological interpretation [Clark, 1986; Woessner, 1988; Miller,
1991; Armstrong, 1991; LaFave, 2002]. Spatial variation was required to allow flow path
determination throughout the valley. A variety of well types (production wells, 2, 4 and
6-in monitoring wells) and designs were used to access the groundwater. Surface water
samples were collected to represent the quality of various river reaches. Existing
monitoring wells were made available for the study by Mountain Water Company and the
Missoula Water Quality District. This included access to a network of two-inch
monitoring wells between the Clark Fork and a major Mountain Water Company
production well near the Madison Street Bridge. In April, 2004, two wells were drilled in
Hellgate canyon. A shallow well was drilled to 51 ft and a deep well was ﬁnishéd at 172
ft after drilling to bedrock at 247 ft. In October two additional monitoring wells were
installed within 65 ft of the river; one was drilled to 50 feet on the north bank and the
other to 70 ft on the south side (Figure 2).

Water chemistry was monitored at 22 sites including 4 production wells, 15
monitoring wells, 3 surface water locations, and one streambed peizometer. Samples
were collected weekly from May, 2004 to August, 2004. From August to October each
site was sampled biweekly, and from October to February, 2005 each site was sampled
on a monthly basis. From February to June samples were collected three times a month.

The variations in sampling frequency correlate to the discharge of the Clark Fork and
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water chemistry changes anticipated during spring runoff. In addition to sampling for
geochemistry, water levels were monitored at 35 sites, 3 production wells, 28 monitoring
wells and 4 surface water sites as part of a companion investigation of well capture zones
[Tallman, 2005].

Figure 7 is a conceptual model of the possible sources of recharge to the Missoula
aquifer. Sampling was designed to monitor these sources and their independent chemical

signatures.

Hellgate Canyon

44 The University E
Underflow S Of Montana o /

L 44 oy

Rattlesnake Creek

ks
v

5 7
1 6

Production Weill Water Table

LI

Missoula Aquifer

4

<>
U Tertiary Sediments

Figure 7. 3-D conceptual model of the sources of recharge to the Missoula Aquifer. Source 1 is
underflow from Hellgate Canyon. Source 2 is water from Rattlesnake Creek, including both
surface water and underflow from the drainage. (Note that there is a split in the water from
Rattlesnake Creek, some of the water may cross under the Clark Fork and be captured by the
production well(s) on the south side of the river, while a large portion of the flow stays on the
north side of the Clark Fork.) Source 3 is leakage from the Clark Fork River. There is also a
possibility that some water is recharged from the Tertiary sediments underlying the Missoula
Aquifer (4). Precipitation (5) and recharge from storm drains (6) contribute only a small amount
of water to the aquifer.
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Field Methods

Field geochemical parameters (pH, temperature and electric conductivity) were
measured during the collection of each sample (see Appendix 2 for pictures of sampling
procedures). Monitoring wells were pumped (using a Grundflos pump) until three bore-
hole volumes had been removed. A new disposable polyethylene bailer was then used to
collect enough water to rinse the bottle and obtain a sample. Production wells were
sampled from a spigot before any chemical treatment. The Clark Fork River and
Rattlesnake Creek were sampled in the stream channel at a range of depths to obtain a
representative sample. The river sample collected on January 19" was taken from a hole
in the ice. Two different sampling methods were used to access the water just below the
river bottom. First, a plastic PVC tube was installed as a piezometer and a peristaltic
pump was used to obtain a sample. When that piezometer was flooded with higher spring
flows, a suction lysimeter was installed in the channel sediment. The lysimeter had a long
piece of tubing that remained above the water surface and was pumped to obtain a water
sample. Due to river conditions, this saturated zone was only sampled seven times during
the course of the study. During each round of sampling field duplicates and blanks were
collected for quality assurance and quality control.

All samples were collected using ultra clean techniques [Mickey, 1998; EBL
Sampling Method #2]. This process involved using ultra cleaned 120 mL Nalgene bottles
that were double-bagged and handled by one set of “clean hands” and one set of “dirty
hands.” “Dirty hands” only touched the external bag, while “clean hands” only touched

the internal bag and sample bottles. Each bottle was rinsed with sample water three times
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before the actual sampling. Surface water samples were collected underwater, and
samples from wells were filled to overflowing and capped so that there was minimal head
space. “Clean hands” placed the sample in an individual zip-lock bag which was then
placed in an open external bag. “Dirty hands” sealed the external bag. Additional samples
for anions were collected in non-acid washed bottles. These samples were collectzd after
the ultra clean samples because detection levels for anions are much higher and the same
precautions do not need to be taken. All samples were stored on ice and transported to the

analytical lab within seven hours of sample collection.

Lab Methods

Samples were filtered in lab as soon as possible (and no longer then 48 hours after
sampling) using ultra clean syringes and <0.45 pum syringe filters (Figure 8) [Tallman
EBL SOP 2004_06_21]. All filtering took place in a hood [EBL McKinnon and Nagorski,
2000]. New ultra clean 30 mL bottles were rinsed and filled, then acidified with 2%
OmniZrace® high purity HNO; for preservation. Anion samples were filtered after the
respective ultra clean samples, using the same filter but first rinsing the syringe with the
anion sample. Isotope samples were not filtered; instead a 30 mL bottle was filled to an

inverted meniscus and capped to incorporate as little air as possible.
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Figure 8. Ultra-clean filtering in the hood. Filtering with <0.45gg filters and acid washed
syringes.

Isotopes were analyzed at The University of Alaska at Fairbanks at the Alaska
Stable Isotope Facility’s Water & Environmental Research Center (WERC). Stable
isotope data was obtained using continuous-flow isotope ratio mass spectrometry
(CFIRMS). Instrumentation was a Delta+XL with a Thermo Finnigan TC/EA. Isotopes
are expressed as a ratio ofthe heavy to light isotopes compared to a standard. Typically,
instrument precision is <0.4 %o for Oxygen and <3.0%o0 for Hydrogen. The following
formula is used to determine &+~0 values and data is reported as parts per thousand (per

mill, or %o) relative to the Vienna Standard Mean Ocean Water (VSMOW):

_ sample sample 1 1000

IS
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The same formula is applied to *H and is commonly reported as 8D for deuterium. Craig
[1961] created a Global Meteoric Water Line (GMWL) by plotting §'30 vs 8D for
samples taken around the world. The equation for his line is:

SD=838"%0+10

This equation has been revised [Kendall and Coplen, 2001] to:

SD=8.118"%0 +8.99

Local Meteoric Water Lines (LMWL) vary from place to place. The Montana LMWL
shows a great deal of evaporation and has a very heterogenic cluster around the line:

3D = 5.0 3'%0 - 46.5 [Kendall and Coplen, 2001]

Plotting data versus a LMWL will show if samples have been subjected to evaporation,
or if the isotopes are consistent with local precipitation.

All other analyses were performed at The University of Montana. The ultra clean
samples were analyzed for elements (As, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Pb, and
Zn) on the Perkin-Elmer Sciex ELAN DRCII ICP/MS interfaced with a Perkin-Elmer
Series 200 HPLC using EBL EPA6020mod method ICP-MS analysis for metals. Anions
(F, C1, NO3, NO, and SO,) were determined on a Dionex DX 400 Ion Chromatography
system using EPA method 300.0. Alkalinity was determined in mg/L of CaCO; by

titration.
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Quality control/quality assurance

Field duplicates and blanks, along with lab splits were used with internal and
external standards to ensure precision and accuracy. From the field duplicates and lab
splits a confidence level of over 95% was calculated for each result from MS, IC and
Isotope analyses by adding two standard deviations to the average calculated error. See

Appendix 3 for detailed QA/QC.

Results

Stable isotopes from surface water and groundwater were used to determine the amount
of recharge to the Missoula Valley Aquifer from potential recharge sources. These
conservative tracers are somewhat useful in this system, but error and a lack of distinct
recharge sources limits the use of the isotopic data. Conservative chemistry and arsenic
data also provide evidence for the complexity of the interaction between surface water
and groundwater. Refer to Figure 2 for all sample locations. Raw data for all sample sites

may be found in Appendix 4.

Isotopes

The 8'%0 and 3D data for the study is scattered around the Local Meteoric Water
Line (LMWL) determined by Kendall and Coplen [2001] (Figure 9). Interestingly,
groundwater values are quite similar to surface water values, and when accounting for
error the differences are hardly distinguishable. The data show similar temporal

relationships among shallow and deep groundwater and surface water. Error bars obscure
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the data (Figure 10), but because the data follows the same trend, error bars in the
following figures will be omitted for clarity. Each data point has an error of +/-
approximately 1%.. Shallow and deep groundwater generally follows the river’s isotopic
signal over time (Figures 11 and 12). The isotopes for the north side of the Clark Fork
River share similarities with both the Clark Fork River and Rattlesnake signatures (Figure
13.) With the given sampling frequency, even distal wells appear to peak at the same time
as the river. By introducing a lag effect into the data during the time when weekly
samples were collected and correlating groundwater 820 to river §'%0, it becomes clear

that wells farther from the river do experience some time lag (Figure 14).
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Figure 9. Isotope data for all sample sites over the course of the study. Most of the data
are scattered around Montana’s Meteoric Water Line, although samples collected in June
(labeled) are outliers. The line fit to the Clark Fork River (HGR) samples is as estimation
of the regression for the entire data set.
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Figure 10. It is hard to distinguish individual points on the time-series due to error bars.
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Figure 11. Changes in isotopic signal of the Clark Fork River (HGR) and deep groundwater in
production and monitoring wells. In general, the river is isotopically lighter than the groundwater,
but all water types follow the same general trend. During periods of frequent sampling (spring
and summer) a lag between the surface water and groundwater signals is noticeable.
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Figure 12. Changes in isotopic signal of the Clark Fork River (HGR) and shallow groundwater.
The groundwater signal follows the surface water closely, although groundwater isotopes are
slightly heavier than surface water isotopes. The seemingly out of place peaks (RON and DH2)
on January 18 correspond to a Rattlesnake Creek peak in *O (Figure 13).
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Figure 13. Changes in isotopic signal of the Clark Fork River (HGR), Rattlesnake Creek (RSS)
and groundwater on the north side of the Clark Fork River. The large peak in the Rattlesnake
Creek signal corresponds to a precipitation event within a local watershed (see Appendix 5).
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Figure 14. Note that each vertical column represents one site and correlations are given
for each of the lag periods. Each lag represents approximately seven days, which was the
frequency of sampling for these wells during the spring and summer of 2004. In each
column, the symbol that is closest to a correlation of 1 is the best fit. For example, HGD
and MM2 fit best with no lag, but RON, BLS, BLD and the production wells all fit better
with a lag of seven days. A lag of 14 days also produces a good fit for P26. Introducing a
lag in the isotope data makes for better correlation in wells farther down the flow-
gradient or deeper in the aquifer.

Introducing lags to the isotope data creates a better correlation between the river
and distal groundwater (Figures 15 and 16). Also, the deep groundwater near the river fits
better with a lag of seven days (Figures 17 and 18). Correlating the groundwater isotopes
with the river isotopes suggests that surface water accounts for 55% to 99% of the
variability observed in the isotopic signal of the groundwater. The amount of variability
accounted for by surface water trends are show by R? values in the figures below. These

correlations are only for a short period of time and incorporate a fairly large amount of

error, so should not be interpreted as recharge amounts.
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Figure 15. A lag of seven days makes for a better correlation between the surface water
and groundwater at BLS. R? for the correlation with the lag is 0.99, and without a lag is
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Figure 16. Although there are limited data points, the correlation between surface water

and groundwater is better with a lag of seven days at BLD.
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Figure 17. Deep groundwater near the Clark Fork River correlates better to the surface

water with a lag of seven days.
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Figure 18. Distal and deep groundwater correlates to the surface water better with a lag of
seven days. With no lag the R? correlation is 0.25, with a lag of seven days R? is 0.88,
and with a lag of fourteen days (not shown) R? is 0.67. The sampling frequency limits
more precise narrowing of the lag window.

Another possible method to determine how much recharge is from the surface
water versus underflow from Hellgate Canyon is to compare groundwater isotope values
in the valley to HGD, which is the deep well in Hellgate Canyon and represents
underflow. Groundwater that is close to the Clark Fork River (MM2) correlates better
with the surface water, while deeper groundwater and more distal groundwater correlate
better with underflow (Figure 19). A slight problem with these comparisons is the
similarity between the isotopic signal of the Clark Fork River and that of the underflow
through Hellgate Canyon (Figure 20). This similarity makes it hard to quantify the

relative contributions of recharge from the Clark Fork River and from underflow with

any precision, possibly because underflow originates as Clark Fork River water upstream.
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Figure 19. Correlations of groundwater to surface water (River '"O) and to underflow from
Hellgate Canyon (HGD lE‘O). A. MM2 near the river correlates to the river slightly better than to
underflow. B. RON also shows a better correlation to the Clark Fork River than to underflow. C.
BLS, which is father from the river than RON, shows a slightly better correlation to underflow
than to surface water. D. P32, despite its proximity to the river, has a better correlation to
underflow than to the river. E. P26, which is the most distal groundwater from the river, shows a
much better correlation to underflow than to surface water.
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Figure 20. The isotopic composition of the underflow from Hellgate Canyon is very
similar to that of the Clark Fork River.

Although stable isotopes are recognized as conservative tracers, there is no
correlation between surface water isotopes and conservative chemical elements (Figure
21). This makes it harder to use isotopes in conjunction with conservative chemistry to
create a mixing model. Ultimately, the lack of multiple distinct signatures makes it

difficult to identify isotopic end members in this system.
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River Na - vs Isotopes
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Figure 21. Correlation between Na and both §'®0 and 8D in the Clark Fork.

General Chemistry

All values are for dissolved ions, either in ug/L or mg/L. The concentration of
conservative elements (Ca, Na, K, Mg and Cl) in the Clark Fork River is driven by
dilution. The same concentrations were found in both our sampling sites on the Clark
Fork, reinforcing their conservative behavior in the Clark Fork River (Figure 22 a).
Plotting each ion and discharge over time gives a similar correlation as shown by Ca
(Figure 22 b). During higher flows ion concentrations were lower, and during baseflow
concentrations were higher for all conservative ions. This pattern was slightly disrupted
by the drawdown event that took place at Milltown Dam from July 19 through August 13.
Comparing upstream values at Turah to values obtained below the dam it is apparent that

downstream calcium values decreased during drawdown while concentrations at Turah

were increasing (Figure 22 b).
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Figure 22. A: calcium concentrations at the upstream (HGR) and downstream (CFR)
sites. B: calcium concentration and discharge over time. Limited Turah Bridge (above
Milltown Dam, USGS data) values are given for comparison.

Conservative chemical ions all shared similar temporal and spatial trends. All
groundwater chemistry was similar among wells throughout the study period, regardless
of depth or distance from the river (with the exception of two shallow wells located near
the river) (Figure 23 for Ca). Similar trends are found for Na, Mg, K and Cl. Note that
while groundwater chemistry remains constant (within a few parts per million), the river

chemistry is similar to groundwater chemistry only during baseflow (from August to

February). The only wells that show similar trends to the river are shallow monitoring
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wells, HGS in Hellgate Canyon and MM2 in the Madison area. The other shallow
monitoring wells near the river show an increase in Ca concentration during the spring
and summer, coinciding with a higher water table (Figure 24). Wells on the north side
also have more constant chemistry, but most concentrations fall below, rather than above

surface water concentrations.
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Figure 23. Ca over time in both the deep (top) and shallow (bottom) wells. Deep
groundwater (over 80 ft below land surface) concentrations of Ca generally fall between 40
and 50 mg/L. Shallow groundwater (less than 60 ft below land surface) has a wider range
of concentrations, with higher concentrations occurring during the spring and summer, and
concentrations similar to the river during the winter months. MM2 (light blue) and DH1
(red) have similar chemistry to surface water.
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Figure 24. Water table elevations observed at MM2 (a shallow monitoring well 200 ft from the
river). The highest elevations are during May and June.

While the concentrations of conservative elements in the shallow groundwater
change over time, the ratios of these elements do not. Similarly, the ratios of Ca, Na, Mg
and K in deep groundwater stay constant during the study. The only change in these
ratios was during June, 2004, when ratios in the Clark Fork River dropped. This decrease
was also observed in groundwater near the river, regardless of dep&. The decrease is

muted or delayed in groundwater farther down the groundwater flow-gradient (Figure

25).
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Figure 25. Ratios of conservative elements in the Clark Fork River (HGR) and in groundwater. A.
Ca:Mg and CaK in the Clark Fork River. Note the decrease in both ratios in June, 2004. B. HGS
mirrors the ratios of HGR. C. MM2 also had decreases in the ratios in June, 2004. D. P32 has the
same ratio trend as the river. E. Groundwater at RON saw a delay in the decreased ratios. F. BLS
saw a decrease in the ratio of Ca:K, but the timing is delayed from when the decrease occurred in
the river, and no notable decrease is observed in the ratio of Ca:Mg. G. P26 only had a slight
delayed decrease in Ca:K.
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Examining the ratio of two conservative elements throughout the study area
reveals that direct river leakage is not the only source of recharge to the Missoula Valley.
Examining the ratio Na:Cl for all locations in the study area demonstrates the
conservative nature of these two ions in the surface water, and reveals that groundwater is

not a simple mixing of two or more end-members (Figure 26).
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Figure 26. Ratios of Na:Cl for the study area. Note that while surface water values show a
linear trend (HGR and RSS), all groundwater values are scattered. HGD, which
represents underflow from Hellgate Canyon, is centered in the scattered array of
groundwater values.

These trends and similarities between the chemistry data and stable isotope data
make it very hard to define end members for a geochemical mixing model.

Other results of interest are that during the course of the study measurable values

of manganese (Table 1), cadmium and chromium were detected infrequently (for all

values see Appendix 6). These trace concentrations could be from metal contamination
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due to instrumentation suspended in a well, from the metal casing in the wells
themselves, or from the groundwater. Field blanks and other wells sampled on the same
days all contained concentrations below the laboratory quantifiable limit and other wells
with the same type of suspended water level monitoring instruments contained no
detections in the same sampling period, suggesting that sampling and laboratory error
were not the cause of metal contamination.

Table 1. Wells and dates of Mn detection (ug/L). Wells are either metal, have metal

fittings on the caps, or have stainless steel water level transducers (Instr.).
Date WOM | DH2 | BLS | WM2 | GRG | WPS | HGD | HGP | RON
Well Type Metal Metal Top Instr. Metal Top Metal Instr. Instr. Metal Metal

5/5 12.7

5/14 7.58 High

519 2.21 8.41

5/25 1.78

6/2 ’ 14.74

6/9 11.2 2.42 2.48

6/16 10.4

6/22 13.7 1.86

6/30 5.78

779 1.58 1.81

719 5.93 1.67

7/30 1.16

8/13 291 4.31

8/30 1.24 105
9/16 3.73 245
10117 152 | 172
12/13 1.61 1.34 3.81 2.60

1/19 1.28

3/4 20.6

4/14 1.22

5/17 1.95

5125 42.1

6/16 6.81

The surface water and groundwater chemistry on the north side of the Clark Fork
is different than the water quality on the south side of the river. Of special note is
groundwater in the Gregory Park area, where the concentrations of all conservative

elements were much lower than groundwater sampled south of the river. The lowest
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concentrations of constituents was observed on the north side were in Rattlesnake Creek

(RSS), these values were usually 0.5 to 4 mg/L lower than Gregory Park (GRG) values.

Arsenic

Spatial and Temporal Trends. All concentrations given are for dissolved arsenic, in
parts per billion (ug/L). As previously stated, arsenic is a dynamic element. Accordingly,
the behavior of arsenic in surface water is quite different than in groundwater. Variability
of arsenic in the river is less than 5%, and is fairly conservative between the upstream
and downstream sampling locations (Figure 27). However, arsenic does not behave
conservatively in the groundwater. In general, groundwater arsenic concentrations
decrease with distance from the river, and arsenic concentrations on the north side of the

Clark Fork decrease with distance at a greater rate than concentrations south of the river

(Figure 28).
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‘Figure 27. Dissolved arsenic concentrations for upstream (HGR) and downstream (CFR)
locations. A rain event on September 19" may have caused some dilution in the downstream site
(this site is near the confluence of Rattlesnake Creek and the Clark Fork River).
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Figure 28. The results from one day of sampling showing the general trend of dissolved
arsenic concentrations in groundwater. Concentrations decrease with distance from the
river. Error bars are encompassed by the size of the symbol.

Examining the arsenic concentrations of several wells along the groundwater
flowpath also shows a similar trend (Figure 29). The two wells closest to the river (DH2
and MM2) show similar concentrations for the winter months, but vary in the spring
though the wells are only 160 ft apart. The other three wells (RON, BLS and P26) are

roughly 0.4, 0.75 and 2 miles down groundwater gradient from the river, respectively. As

the distance from the river increases, the arsenic concentrations generally decrease.
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Figure 29. Arsenic concentrations at five wells along the groundwater flowpath from the
river to the southwest. In general, concentrations decrease along this flowline.

Locally, the migration of arsenic is more complex. For example, the trends of
arsenic concentrations for three monitoring wells near the river (Figure 30) are quite
different, despite all of the wells being finished at the same depth and only varying in
distance from the river by 100 ft. In the spring of 2004, all three of the wells (MM2,
MM4 and MM5) had higher concentrations of arsenic than the river. The water table was
at the highest point during this period as well. Following the drawdown event at Milltown
reservoir (July 19 through August 13, 2004), the river continued to have elevated arsenic
concentrations while the shallow groundwater concentrations were briefly elevated and
then declined and remained low through the fall and winter. In the spring of 2005,
coinciding with the rising water table, arsenic concentrations began to rise in MM2 and

MM (due to construction around the production well access to MM4 was limited).
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Unlike the previous spring, river concentrations stayed elevated above groundwater
concentrations with the exception of two points. The best example of a direct link
between surface water arsenic and these shallow monitoring wells was observed during
the drawdown event (Figure 31). The level of Milltown reservoir was lowered by eight ft
over the course of 18 days and remained at the low stand for just over two weeks. Due to
the frequent sampling intervals during the drawdown, an almost immediate increase in
groundwater arsenic concentrations was observed corresponding to an increase in the
river arsenic concentration. The values above the reservoir, at Turah Bridge, do not match
the level of arsenic observed below the dam (Figure 32). During the drawdown event,
arsenic concentrations upstream were declining, while below the dam arsenic increased
by roughly two parts per billion. This graph also compares how arsenic behaves in the
shallow groundwater in Hellgate Canyon and in the Madison area. Apart from the earlier
rain event, the shallow groundwater in the Madison area has slightly higher values of

arsenic. Deep groundwater in the Madison area is represented by P34.
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Figure 30. Arsenic concentrations over the course of the study for three monitoring wells
near the river. All wells have the same construction and MM2, MM4 and MM5 are 200,
300 and 260 feet from the river, respectively. The water level was taken in MM2, but
differences between these wells are negligible (Tallman, 2005).
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Figure 31. Arsenic concentrations in the river, shallow and deep groundwater during the
drawdown event at Milltown reservoir. Samples were taken every three days. Arsenic
values increased in surface water and groundwater with the lowering of the reservoir.
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As Over Time
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Figure 32. Arsenic values for Turah Bridge, the Clark Fork River, shallow groundwater
in Hellgate Canyon and in the Madison area, and for a production well. Historically,
Turah Bridge has had higher arsenic values than the Clark Fork River above Missoula
(see Appendix 7). During the drawdown (light blue box) arsenic values at Turah declined
but arsenic in the Clark Fork increased by about 2 pg/I.. Rain events only appear to result
in the dilution of the river and the shallow groundwater near the river.

During the rest of the study, changes in arsenic concentration for the production
wells near the river are much more muted. Arsenic concentrations for three production
wells near the river and one two miles to the southwest of the river (along the
groundwater flowpath) do not vary more than a few of parts per billion over the course of
the study (Figure 33). Apart from the direct response noted during the Milltown
drawdown, deep groundwater arsenic concentrations do not appear to reflect changes in
Clark Fork River arsenic concentrations (Figure 34). It is interesting to note that the well
with the highest concentrations of arsenic (P32) is not the closest well to the river. The

Maurice Street well (P34) is roughly 160 feet closer to the river than the Arthur Street

well (P32) (Figure 2), yet the Arthur street well has consistently higher arsenic values.
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The Arthur Street well pumps year-round, while the Maurice Street well is an on demand
well during peak summer supply. The production well with the lowest values (with the
exception of two high values in the spring of 2005) is the Bank Street well (P30), which
is the closest well to the river on the north side (230 ft). Values for the Bank Street well
are usually just below those of the Benton Street well (P26), which lies in the southwest

corner of the study area, two miles from the river.
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Figure 33. Arsenic concentrations over the course of the study for all four production
wells. These wells show little fluctuation in arsenic concentration. The two wells on the
south side of the river (P34 and P32) have the highest values, followed by the well which
is roughly 2 miles from the river (P26). The well with the lowest concentrations is only
230 ft from the river, on the north side (P30).

42



2.5

Arthur Street - u
| | [ ]
p—— 2 [ L n-------F-m--------- »------ m- - m g s e e e e e maeeaad
S - l'-. m_um e ]
= l’ " m
L 2
CRTY E— PRS0 S R S -
— [ | A
Z A B A Maurice Street
= A A ® 2. A & - A
€ 11 e - SN T . SRR i-n;‘-’- -----------------
- | ]
= - A - n O =
S = n
e | . T - R "8 _BRARRERE F RS EEEEERE R
Bank Strest
o L 1] L] L) L T L] L] T
0 0.5 1 15 2 2.5 3 35 4 45 5

River As (ug/lL)
Figure 34. Relationship between river arsenic concentration and production well arsenic

concentration. There are no linear correlations between the river and any of the
production wells. Instead, each well has a range of values that do not appear to change
with or directly correlate to arsenic concentrations in the river.

A pair of nested wells in Hellgate canyon illustrates the difference between
shallow and deep groundwater at a single location (Figure 35). The shallow well (HGS)
has slightly higher arsenic concentrations, but both wells tend to follow the same general
trend as the river. The largest difference between the surface and groundwater arsenic

values occurs from the end of June through the winter. The groundwater arsenic values in

the spring of 2004 were much closer to river concentrations than in 2005.
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Figure 35. A pair of nested wells in Hellgate Canyon. HGS is the shallow well, HGD is
the deep well. Both wells have fairly constant arsenic concentrations, and follow the
same trend as the river during the spring. From the late fall through winter there is a
greater difference in concentrations between surface and groundwater.

Groundwater arsenic concentrations are much lower on the north side of the Clark
Fork River (Figure 28). With the exception of one well that is very close to the river and
is finished right at the water table (DH1) all wells have concentrations at or below two
parts per billion (Figure 36). Both Rattlesnake Creek and the groundwater in that
drainage have very similar arsenic concentrations (less than 1 pg/L). WM2 is a shallow
well, and although it is 400 ft from the river and P30 is only 230 ft from the river (Figure
2), WM2 has higher arsenic concentrations than the production well. The farthest well to

the north in our study area is WPS (0.6 mi from the river), and this well has arsenic

concentrations below 0.4 pg/L.
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As vs Time
(North of Clark Fork)
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Figure 36. Arsenic concentrations for the Clark Fork, Rattlesnake Creek and wells on the
north side of the Clark Fork. The well nearest to the Clark Fork (DH1) follows the river’s
trend until the late spring of 2005. Rattlesnake Creek and all other wells have consistently
low arsenic values. Error bars, where not visible are encompassed by symbols.

Arsenic and Conservative Elements. Comparing arsenic to Ca, Na, Mg and K in the
Clark Fork shows that arsenic is also conservative in the surface water and that
concentrations are controlled by dilution. Arsenic correlates fairly well to any
conservative element in the surface water, but does not correlate to isotopic values
(Figure 37). This reinforces the fact that although chemical ions and isotopes are both

conservative tracers, they do not necessarily correlate with each other. Once arsenic

leaves the surface water, the correlation with conservative ions is not present (Figure 38).
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Figure 37. A. Correlation between arsenic and sodium in the Clark Fork River. The
relationship suggests that arsenic behaves conservatively in the surface water. B. Lack of
correlation between arsenic and both stable isotopes.
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Figure 38. There is a lack of correlation between arsenic and Na, or any other
conservative ion, in groundwater. R? values for the correlation of the same two elements
in surface water is 0.37, but in groundwater the correlation drops to only 0.06.

Arsenic in the saturated river bed of a losing reach of the Clark Fork River. Figure
39 is a schematic of the river and groundwater system with arsenic concentrations on one
day of sampling for each of the four zones: surface water, the saturated zone beneath the
river, shallow and deep groundwater. This zone beneath the river does not fit the normal
definition of a hyporheic zone because there is no mixing between surface water and
groundwater. Instead it is just a thin saturated zone that water infiltrates through before
unsaturated flow begins. Tallman [2005] determined that the thickness of the saturated

zone was about 5 ft at this site. Table 2 shows the relative concentrations of arsenic in

this zone compared to the river and shallow groundwater, and Figure 40 illustrates the
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range of concentrations compared to both surface water and shallow groundwater. During
two of the seven sampling periods the saturated zone had higher concentrations of arsenic
than the river, and this zone had higher arsenic concentrations than the shallow

groundwater with only one exception.

Samples taken on 7/19/2004
(Profile of As in the saturated zone,
shallow and deep groundwater)
Depth As concentration
(ug/L)

0' (surface water)

Saturated

0.98' ‘ - .
Zone s ¢

Vadose 5.16"
Zone thick

Water Table
3 58.8'“

Shallow

Groundwater  ~° 235
Deep
~ - L 2.02
Groundwater 100-150

* Not to scale

Figure 39. Schematic of the sampling profile. Depths are approximate and may change
during different times of the year. Note that on this day of sampling the highest arsenic
concentrations were found in the surface water and in the saturated zone.
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Table 2. Arsenic concentrations in the Clark Fork and in the saturated zone.

Sample Date | Surface Water | Saturated Zone | Shallow Groundwater
7/19/04 3.34 3.53 1.74
3/4/05 2.95 1.08 1.17
3/29/05 3.11 3.10 1.69
4/6/05 2.92 2.52 1.66
5/17/05 2.58 1.55 1.91
6/7/05 4.43 427 2.00
6/16/05 3.96 4.85 1.52
Dissolved Arsenic in Surface Water,
Saturated Zone and Shallow Ground Water
7]
3 —
)
]

: =

O

n=233 na? n=32

HGL

HGR HGS

Sample Location
Figure 40. Range of arsenic values for surface water (HGR), the river bed saturated zone

(HGL) and shallow groundwater (HGS). Arsenic concentrations are similar between the
river and saturated zone, with slightly higher values occurring in the saturated zone.
Shallow groundwater has lower arsenic concentrations than either the surface water or
saturated zone.

Controls on Arsenic Mobility. The presence of dissolved Mn in some wells correlates
with higher arsenic values. All but one sampling round showed the presence of Mn in the

surface water, but very few groundwater samples contained detectable Mn. The presence

of Mn in some of these wells may be attributed to metal contamination, or it may be
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naturally occurring. In three wells, all of which are on the north side of the Clark Fork,
the occurrence of measurable manganese correlated with higher arsenic concentrations

(Figure 41). Other wells showed no correlation between dissolved manganese and arsenic

concentrations.
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Figure 41. The effect of dissolved manganese on arsenic concentrations. These three
wells show that higher concentrations of dissolved Mn generally agree with higher
concentrations of dissolved arsenic.

Discussion
Contribution of surface water to groundwater

Caution should be taken when interpreting the isotopic results because the total
amount of variation over the course of the study is generally within error bars. More
frequent sampling might have resolved this problem. Individual data points do follow a
similar trend from one sampling period to the next. The fact that there is not a significant
difference between the river signal and the groundwater makes it virtually impossible to
create a mixing model. These data suggest the groundwater in the Missoula Valley
Aquifer is intimately connected to the Clark Fork River. The isotope data can be
interpreted to show a lag between peaks in the river signal and in the signal of distal

wells. While there are very few data points, overlapping error bars, and it is unclear if
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results represent peaks of concentrations, the isotope data supports the general flow
direction of groundwater to the southwest through the valley (Figure 42). A study
conducted in the Spokane Valley/Rathdrum Prairie Aquifer in Idaho and Washington,
which has very similar characteristics to the Missoula Valley Aquifer, found that
groundwater closest to the river had similar isotopic signals to the surface water, while
distal wells maintained an isotopic signal characteristic of regional groundwater

[Caldwell and Bowers, 2003].
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Figure 42. Estimate of the lag time for an isotopic signal to travel through the Missoula
valley. Due to the limited number of wells along this flow line, and infrequent sampling,
the windows are loosely constrained.
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Groundwater velocities south of the river estimated from the sparse isotope data
range from 750 to 5,000 fi/day. In comparison, computed groundwater velocities derived
from aquifer characterization data (Tallman, 2005; an estimated effective porosity of 0.2,
and hydraulic conductivity values of 15,000 ft/day and 20,000 ft/day) yield velocities that
range from 330 fi/day to 440 fi/day in this portion of the aquifer. Generally, values are in
the same order of magnitude supporting the identified rapid transport of groundwater in
this portion of the aquifer.

Although a percentage of river water contribution to recharge can be grossly
estimated, the overlapping error bars associated with the isotope data make quantitative
separation of the sources of aquifer recharge general estimates only. Based solely on the
isotopic data, approximately 65% of the variability in the chemical signature of shallow
groundwater near the river can be accounted for by the chemistry of the river water, and
for distal or deeper groundwater river water appears to account for ~30% to ~55% of the
variability in the groundwater. It also appears as though underflow from Hellgate Canyon
is influencing ~25% to ~75% of the variability observed in distal and deeper
groundwater.

The similarity between the isotopic signal of the Clark Fork River and underflow
from Hellgate Canyon is not surprising. Gestring [1994] studied the connection between
the Clark Fork River and the Hellgate Valley Aquifer (HVA) between the Milltown
Reservoir and the eastern boundary of this study area. His work suggested that over 50%
of the recharge to this up-gradient portion of the Missoula aquifer is from leakage from

the Blackfoot and Clark Fork Rivers, and seepage from the Milltown Reservoir.
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Additional, though lesser contributions to recharge come as groundwater underflow from
the Blackfoot/Bonner canyon and the up-gradient Clark Fork River valley alluvium. The
Clark Fork River is reported to be a gaining flow in the reach just below the dam
(approximately 600ft [Gestring, 1994]). Beyond that point, the river is reported to begin
losing water to the aquifer as the water table becomes lower than the river stage.
Generally, groundwater in the Milltown area is composed of Blackfoot River and Clark
Fork River leakage and recharge from the Milltown reservoir. Thus, similarities in the
water quality of underflow entering and flowing through Hellgate Canyon, and the
general Clark Fork River chemistry are expected.

The use of conservative chemical elements to determine recharge percentages was
also generally unsuccessful as all of the trends for conservative elements show that the
river water is similar to the groundwater during baseflow periods. The shallow
groundwater is also geochemically stable during the winter, and is most different from
river water in the spring. In addition, the deep groundwater chemistry remains fairly
stable in composition and concentrations of components. These observed trends suggest
that a physical process, rather than a chemical one is influencing the concentrations of
ions present in the shallow groundwater. It was recorded that higher concentrations of
constituents in the groundwater correlate to times of a rising water table as well as
increased river leakage. Based on this information, the observed increase in
concentrations of ions in the shallow groundwater may be the result of the dissolution of
vadose zone stored components. The stability of the ratios of the major ions (Figure 25)

suggests the conceptual model that processes controlling chemical changes are dominated
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by physical factors.

Several studies [Doerr, 1992; Deocampo and Ashley, 1999; Schellpeper and
Harvey, 1999; Rosenberg et.al., 2001] have found component storage and release
occurring in vadose zones. Wogsland [1988] investigated the impact of storm drain
focused runoff on the geochemistry of the receiving groundwater in Missoula. She found
an increase in the concentrations of cations as runoff water percolated through the vadose
zone. During the spring and summer, she found that the vadose zone was a source of
major cations and anions to the groundwater. She attributed these increases to the
dissolution of feldspars and carbonates. Possibly a similar process is occurring as water
passes through the vadose zone beneath the river and as the water table rises into the
vadose zone in the spring. Isotopic data also supports a conceptual model that includes
evaporation and temporary storage of constituents in the vadose zone. The surface water
isotopic signal is somewhat lighter than the groundwater signal suggesting that there is
some slight evaporation of the water before it gets to the groundwater

Distal and deeper groundwater does not reflect the same chemical changes as
those observed in the shallow groundwater (Figure 43). Similar variations in the
geochemistry of the groundwater were described by Caldwell and Bowers [2003] for the
Spokane Valley Aquifer. The authors found that groundwater farther from the river had
elevated and stable major-ion concentrations and the groundwater closest to the Spokane

River had similar temporal trends as the surface water.
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Figure 43. The concentration of Ca, Mg, Na and K by evéporation in the vadose zone
during the winter (left). In the spring (right) the fluctuating water table dissolves and
flushes out stored precipitates, thus increasing cation concentrations in the shallow
monitoring wells near the river.
Arsenic Transport and Fate

Comparing arsenic concentrations to those of conservative chemical ions in the
Clark Fork River shows that arsenic behaves conservatively in the river. This is
supported by the similar concentrations of arsenic measured at the river monitoring sites
and the noted dilution affect of the low arsenic Rattlesnake discharge.

As arsenic infiltrates into the river bed the concentrations in the saturated zone
are similar to those in the river (Figure 40; Table 2). It appears, however, that by the time
the arsenic is transported to the shallow groundwater adjacent to the stream it has
undergone processes that have reduced the concentration (Table 2). However, it should

be noted that an exception to this generalization are the arsenic concentrations observed

at well DH1 located within 50 ft of the channel on the north side of the river (Madison
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area). This well demonstrates the similar concentrations of arsenic in both the shallow
groundwater and the river (fall to spring). Concentrations in shallow wells located
adjacent to the river track increases and decreases in river arsenic concentrations, though
groundwater concentrations are typically lower (e.g. the Milltown drawdown event,
Figure 31; fall to spring water quality trends).

There is also evidence that arsenic is not behaving totally conservatively as river
and groundwater concentration do not seem to correlate during high surface water
discharge and high water table periods observed in the late spring and early summer
(Figure 40). It appears that either arsenic is being lost to the aquifer matrix or vadose
zone matrix (temporally stored), and later released by changes in infiltration rates or
changes in the extent of the saturated zone that correspond to a changing water table
position (Figure 30). Each of these processes may be altering the geochemical conditions
and enhancing release of arsenic into the water column. Lucy [1996] observed the release
of arsenic and metals during a rising water table in Silver Bow Creek sediments, and it is
generally accepted that arsenic is released in a reducing environment {e.g. Moore et. al.,
1988; Nagorski and Moore, 1999; Nicholas et. al., 2003 and others]. Figure 44 presents a
conceptual model for the behavior of arsenic in the Clark Fork River and associated
underlying groundwater system. Preliminary arsenic speciation data suggests that most of
this arsenic is arsenate, but a very small amount of arsenite was detected in one of the

wells finished right at the water table (DH2) (Appendix 8).
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Figure 44. Conceptual model of the fate of As in the shallow groundwater beneath the
Clark Fork River. The figure is not to scale. Arsenic is dissolved except where it is sorbed
to Mn-oxides. In the winter (left) there is available As in the shallow groundwater, in the
form of As(V). When there is a fluctuation in the water table, for example in the spring
(right) when the table rises, there is a zone that is saturated (and could be temporarily
reducing) and more As is released to the shallow groundwater.

The limited change in arsenic concentrations of shallow wells in Hellgate Canyon
during the spring rise in the water table arsenic release may be related to the thinner
vadose zone in Hellgate Canyon compared with the unsaturated zone in the Madison area
(5 ft thick in Hellgate Canyon versus 17 ft thick in the Madison area). Though it is
unknown how river leakage rates impact groundwater arsenic concentrations it should be
noted that the stream leakage rates in Hellgate Canyon are roughly one-third the leakage
in the Madison area [7allman, 2005].

Over the course of the study, there are several times where deep groundwater (for
example P32 in Figure 33) directly follows the observed trend in arsenic concentrations

observed in the study reach of the Clark Fork River. At times when this occurs it appears

as though the deep groundwater arsenic concentration increases or decreases by about
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40% of the concentration of arsenic observed in the river. However, during some times,
no direct connection between river concentrations variations and deep groundwater
concentrations are observed. Possibly a clearer understanding of the processes controlling
the chemistry of the deeper groundwater can be deciphered from a more complete and
longer duration set of water quality data. Comparing the actual concentrations, rather than
the percentage of increase or decrease, of arsenic in production well P32 and the river, it
appears as though on average, the groundwater concentrations of arsenic are close to 70%
of those found in the surface water. Shallow groundwater arsenic concentrations (from
monitoring well MM2) average out to 92% of surface water arsenic concentrations. The
fact that arsenic concentrations in groundwater are a significant percentage of the
concentration found in the Clark Fork River has implications for the future.

The control on arsenic concentrations in the groundwater occurring north of the
Clark Fork River in the Madison area appears to be associated with the recharging water
of Rattlesnake Creek. The lowest arsenic concentrations in groundwater observed in the
study site occur on the north side of the Clark Fork River (with the single exception of
well DH1 located within 30 ft of the north bank of the Clark Fork River. The
groundwater around Gregory Park never had concentrations above 0.5 pg/L, which is
similar to concentrations found in Rattlesnake Creek. Tallman (2005) reported
groundwater flow data that show (within the available well network) this low As recharge

water stays mostly north of the Clark Fork river.
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Final Thoughts

The implications of this research should be clear. The Clark Fork River is a direct
and principal source of recharge to the Missoula aquifer as is the river influenced
Hellgate Canyon underfow. Changes to the recharge chemistry will have impacts on
shallow groundwater and production well water quality. If the chemistry of the river is
altered by a short term event, and the constituent acts conservatively, river water will
reach the shallow aquifer immediately underneath the river channel within hours to days.
Production wells located nearest to the river channel generally receive a higher portion of
water from the shallow river water recharge. As observations of the evaluation of arsenic
in the river water during the Milltown drawdown showed, arsenic concentrations in near
river production wells were directly impacted these variations. These observations
suggest that if the dissolved arsenic concentration in the Clark Fork River ever became
elevated to levels exceeding the 10 pg/L drinking water standard or near the allowable 24
hour limit during the Milltown Dam removal (340 pg/L), the concentration of near river
groundwater production wells may increase by one to two thirds of the river
concentration.

For those wells located further from the river channel the produced water would
not show as great an impact from short duration degraded river recharge input. Produced
water at these sites includes a larger portion of underflow from Hellgate Canyon.
However, if river chemistry impacts are of a longer duration where recharging water
upgradient of Hellgate Canyon alters the chemistry of the underflow in Hellgate Canyon,

this condition combined with longer term alteration of the shallow groundwater being
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directly recharged by the river will degrade even the large production wells located
1000’s of feet from the river. If degradation of aquifer recharge continued for months it is
possible most of the Missoula aquifer south of the river would show some degree of
water quality impact. As noted previously, wells located north of the river in the
Madison area would likely not be impacted by either short or long term events related to
water quality changes in the Clark Fork River. These wells would be degraded if the

water quality of Rattlesnake Creek was degraded, however.

Conclusions and Recommendations

The results of this work need to be viewed as part one of a two part evaluation of
the sources of water derived from water supply wells located in the eastern portion of the
Missoula Valley. The work of Tallman (2005) provided the physical basis for the work
described here and her research developed a water balance for the identical study area
described here as well as a numerical model used to track and quantify water sources to
producing wells. Tallman’s (2005) work directly supports the conclusions of this study.

The principle conclusions of this study are that:

1. Recharge sources to the Missoula Valley Aquifer are poorly defined by a
geochemical mixing model approach that uses either stable isotopes or conservative
chemistry. The two primary sources of recharge the eastern portion of the aquifer are the
Clark Fork River and underflow from Hellgate Canyon. It has been demonstrated that
these two sources are very well connected (Tallman, 2005; Gestring, 1994).

2. Groundwater chemistry, especially shallow groundwater near the Clark Fork
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River, follows the same temporal trends as the river for both isotopes and conservative
components, suggesting that the river is well connected to shallow groundwater in the
Madison area of Missoula.

3. Isotope data suggests rapid travel times for groundwater moving through the
study area.

4. Deeper groundwater near the river and groundwater in more distal areas of the
study area has more stable chemistry than the surface water or shallow groundwater near
the river. It is similar to the chemistry of the underflow sampled in Hellgate Canyon.

5. Investigations of arsenic behavior and transport in this environment revealed
that arsenic acts mostly conservatively in both surface water and groundwater.

6. Increases in shallow groundwater arsenic during non spring periods generally
correlated with increases in the arsenic in the river.

7. Arsenic is stored either in the vadose zone or the aquifer during certain times
of the year and is released during other times. Changing conditions in the vadose zone,
including a change in redox environment, are the most likely mechanisms that release
arsenic, but there are undoubtedly many processes that are occurring in this dynamic
system.

8. Groundwater arsenic concentrations were always lower on the north side of the
Clark Fork River. The dominate recharge source to the north side groundwater system is
Rattlesnake Creek.

9. Short term changes in river chemistry are most likely to impact shallow

groundwater underneath and adjacent to the river and production wells located adjacent
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to the river.

10. Longer duration changes in the river chemistry are most likely to impact both
the shallow groundwater and underflow in Hellgate Canyon. As a result, most
production wells extracting water from the south side of the river portion of the Missoula
aquifer will likely show water quality impacts.

In terms of future management of the aquifer including the production of drinking
water for the city and country residents, additional investigations of the processes
controlling the transport and fate of potential aquifer contaminants including arsenic are
required. Unfortunately, the short duration and level of support for this work allowed for
the establishment of preliminary relationships that are insufficient to predict the
potentially wide range of variations in recharge supply and quality. Calibrated
geochemical models that predict the behavior and transport a number of possible
contaminants are needed. These models need to be process based so that the
consequences of how changes in river chemistry impact produced water quality can be
reasonably forecast. Collecting more speciation data for arsenic and other redox couples
would be useful to define the processes controlling arsenic and metal transport, and
storage in the vadose zone and in the shallow groundwater. These models should be
based on the extensive literature base, and specific instrumentation, sampling, and
monitoring of conditions in the river, vadose zone and groundwater.

Specific tools such as stable isotopes should be evaluated further by sampling
water during transitional periods, obtaining rain and snow isotope data, and by using

analytical techniques to refine errors.
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Further analyses should take advantage of activities impacting groundwater and
river water quality at the Milltown Reservoir site in preparation and during dam removal,
and during stream restoration. Data collection during flow and water quality
perturbations of the Clark Fork River should provide a data set useful in calibrating
predictive models. Study efforts should be coordinated with activities scheduled at the
Milltown site.

Finally, a sentinel monitoring program should be developed and maintained to
document how changes in river chemistry and underflow impact produced water quality,
especially during reservoir drawdown, dam removal and stream restoration operations at
the upstream Milltown site. This work suggests that such a program will require frequent
water quality sampling for anticipated constituents such as arsenic, both in the surface
water and shallow groundwater. An action plan needs to be developed by the water

purveyor that manages the risk of delivering impacted water to the Missoula residents.
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Appendix 1 — Arsenic in the United States

Concentrations of arsenic in groundwater vary greatly by region but are typically in the
ng/L range [Cullen and Reimer, 1989; USGS, 2000] (Figure A1). Arsenic can exist in
several oxidation states: +5, +3, 0 and -3 [Nicholas et. al., 2003], although the most
common are +5 (arsenate) and +3 (arsenite). Several studies [Gulens et. al., 1979;
Manning and Goldberg, 1997; Oremland and Stolz, 2003 and others] have shown that
arsenite is more mobile in certain environments and consequently more toxic than
arsenate. Arsenic is a concern to human heath because it can be highly carcinogenic,
particularly when it is in the reduced form of As (III) and when it is in drinking water
[Ferguson and Gavis, 1972; Mok et al., 1988; Korte and Fernando, 1991].

Assenic concentrations in o least
25% of saniples exceed:

M sougt [ msufficient

w to data

ZUSES £ 4
Figure A1l. Extrapolated arsenic values for the United States (USGS, 2001)

Many sources can contribute to arsenic appearing in groundwater including mining

wastes, geothermal sources, igneous and sedimentary rock and industrial or agricultural
products [ Welch, 2000; Oremland and Stoltz, 2003].
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Appendix 2 —Sampling and Lab Procedures

Al. Pumping set-up at the nested wells in Hellgate Canyon (HGD and HGS).

A2. Measuring pH, temperature and conductivity at a well site. The red bucket was filled
fi-om water in the pump rather than from a bailer.
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A3. Measuring pH, temperature and conductivity in the Clark Fork River.

A4. Ultra clean sampling of one of Mountain Water Co.’s production wells. Robyn (left)
is “clean hands” and Amelia (right) is “dirty hands.”
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A5. Amelia monitoring the process ofsamples being analyzed on the IC.
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Appendix 3 - QA/QC

QUALITY CONTROL FOR ICP-MS:
With only a few discrepancies, the QA/QC for cations and metals was as follows:

Quantitation was based on a minimum 3 point curve and correlation values were >0.998.
Isotopes for reporting were monitored and chosen based on their QC performance.
Calibration was checked every 10 analyses using 2 mid point standard (CCV) and an
additional varied concentration standard from a separate source (IPC). All recoveries for

these standards were with 10%.

Analytical blanks were monitored for contamination and found to contain no elements of
interest above the detection limit.

Internal standard recoveries were monitored and used in calculating reported values.

Matrix spike recoveries were monitored and reported for at least every twenty samples
analyzed. All spike recoveries were within 75-125% of known values.

Duplicate analyses are reported for at least every twenty samples analyzed. All duplicate
recoveries are within 75-125% relative concentration.

QUALITY CONTROL FOR IC:
According to EPA method 300.0, external standards were run every 10 samples, and were
required to pass within 10% of the nominal concentration.

A suite of calibration standards were run twice each session, the first time for calibration
and the second for verification.

Spikes and duplicates were run every 10 samples.

At least three 1ab blanks were run during each session to check for contamination.
QUALITY CONTROL FOR ISOTOPES:

Pyrolysis Elemental Analysis-Isotope Ratio Mass Spectrometry (pyrolysis-EA-IRMS).
Delta+XL system

8%H and 8'%0 value are measured using pyrolysis-EA-IRMS. This method utilizes a

ThermoFinnigan MAT high temperature elemental analyzer (TC/EA) and Conflo III
interface with a Delta+XL Mass Spectrometer. The pyrolysis reactor consists of a
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reaction tube packed with glassy carbon/graphite and silver wool. Other TC/EA
conditions are listed in Table 1.

Table Al. TC/EA Conditions

Pyrolysis tube Temp 1450°C

He Flow rate 120 mL/min

GC column 3m 5A mol sieve
GC oven temp 75°C
Water/Liquid Analysis:

0.2 uL of water sample are injected into the TC/EA with a CTC Analytics A200SE liquid
autosampler. The sample is pyrolyzed into H, and CO gases then separated
chromatigraphically. These gases are then transferred to the IRMS, where the isotopes

are measured. 5°’Hv_smow and 8'20v_smow values are reported in reference to international
isotope standards.

Typical Quality Control scheme involves analyzing laboratory working standards every
seven replicate samples Each sequence batch is calibrated to NIST standards to confirm
quality assurance.

Laboratory Working Standards
DMW-16May2002: Duckering building Millipore Water collected on 16May2002.

NIST standards: REF 8535 (V-SMOW), 8536 (GISP), & 8537 (SLAP)
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Appendix 4
Raw Data for all Study Sites
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P26 Fild Chenssry Mass Spoc ICP (nglL) IC (mghh) Bo___
Dischargs Conductviy Temp |  Alimmity Gl Co G Cu Fe Ma ” NO, S50, NO,

Date () | pH (mS) (deg C) | (mg CaCOYL) | As(.10) €a(200) (1.0) (1.0) (L.0) (L.O) (50.0) K(100) Mg(100) (1.0) Na(100) ﬂ.O)h(l.O)JF(o‘OG)U(LO) 008 @0 @I o" iy

48 389 | 7.4 108  48018.50 1666.00 1290150 6213.60 9.43 -16.96 12986

L] 5260 | 174 109 1% L1 4127 163330 1292440 657040 648 | 015 57 208 057 .1641 12924

N4 4,069

N9 340 | 175 0.443 10 124 4546290 132 13580.00 13271.00 630400 2327 166 -131.07

528 4530

62 5080 | 742 0.459 106 109 4583100 25 283 154500 12710.00 674900 2868 -16.53 -131.96

(4, 5160 )

6116 42710 | 1658 0461 106 151 076 3406678 111243 9040.72 461,56 2181 | 014 603 a8 08| -1 -128,09

(372} 3270

630 3200 | 751 0468 10 099 4931461 130 162263 12653.09 618483 24.08 -17.08 -13282

™ 2200

mny 169 | 748 0467 106 37 114 4881736 186640 13847.53 6892.59 B33) 013 66 24 067| -1648 -131.76

70 1210

813 958 746 0355 101 101 5088231 138 160660 1392869 6899.14 4270 1672 -13033

230 1m0 |

96 1395 | 1 0318 109 1355 047  3B469.45 1.06 124112 10060.64 4896.05 1725 | 013 693 1858 o06s| -17: 13218

1017 1430 | 734 027 99 136 Ll 47301 154124 1184320 6030.60 nul o3 659 1795 063 | 1717 -13106

N4 1,305 75 0317 26 141 092 4568267 494 145031 1166937 5719363 151 013 588 1789 o061 | 582 A3L7

1213 1,340 74 8.8 098 4535606 419 149126 1272861 6193.68 1439 -18.21 -13831

ng 2525 | 109 0347 98 134 117 451871 133 149752 1243631 610439 2013 § 613 531 1788 0.5 -18 -134.63

4 1380 | 812 0342 9.8 125 0.76 4818405 313 163022 1172813 5860.22 1837 | 013 520 1825 053] -17.58 -13242

s 100 | 727 0282 98 096 4688401 278 1469.67 1227027 6129.11 17.68 1729 -130.92

3N L130 | 766 0346 99 133 091 4220663 219 147932 11480.8] 581937 2] 04 817 1856 050 | -17.06 -127.46

ne 1320 ] 769 0.348 0.8 1 071 4158076 593 1394.18  11301.83 551048 1642 | 0.14 516 1867 "049 | -1728 1314

319 1,600

46 1660 1 743 0.344 99 124 4528178 160090 1221576 6402.94 2059 -15.56 -12693

414 2240

4126 3450 75 0314 99 142 129 4657698 234 153738 1205629 674149 2026 | 015 s18 1836 044 | -156 -128.05

515 3,000

snt 8330 | 755 0352 98 LIS 4420493 124 216 150970 1220434 616730 15.92 -16858 13212

5125 7150

61 gogo | 728 0346 99 L1 4527613 107 186 153691 1237637 6454.44 1592 | 014 541 000 1905 044 | -1659 -132.84

6116 595 | 752 0315 101 0.62 4643539 139531 12642.88 6498.32 1169 -16.69 -133.63
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P30 Field Chemnistry Mass Spec ICP (ug/L) IC (mg) go
Discherge Conductivity  Tewp |  Alialimity dC & & P Ma P No, S0, NO,

Dae (cf pH (»3) (43 C) | (mg CaCOYL) | As(.10) Ca(100) (1.0) (1.0) (1.0) (1.0) (50.0) K({i00) Mg(100) (1.0) Ns(100) (1.0) Zn{1.0)|F(0.06) C1(LO) (0.06) (1.0} (0.3) oV B
408 1890 805 : 085 4241170 1489.80  11989.20 602770 17.40 171 -129.52
55 5,260 _ .

sha 406 | 748 0389 91 132 087 4161310 425 1428.00 1180330 522120 1520 | 041 s2 49 07 1658 -129.93
59 3,740

sns 49 | 717 0417 98 0.8% 4252500 117 1459.00  12509,00 6271.00 2176 1693 -130.66
@ 5.080

69 560 | 786 0.41 93 139 121 4763031 201 166892  14366.75 725061 29 | o1 63 432 07| 1739 12124
66 4210

2 m | 739 0.405 99 084 4082314 1.50 126268 11922.99 5999.54 /A1) 174 -12931
630 3,200

” 2200 | 752 0417 98 148 043 2746136 157216 1199416 6251.51 ns7] 012 58 138 084 | -1698 -131.66
mo 1,69

o 1200 | 732 0423 101 090 4668546 172008 1290107 671789 R, ] 1598 1817
3 958

830 1,220 14 0309 10 144 094 3868070 113 127065 1099285 5596.93 845 | 011 661 1386 088 | -1734  -13141
916 1398

1017 1,430

1114 1,308

12/13 1340 | 738 0334 94 0.65 41159.83 118 138 1265176 6105.07 1887 7R s
vy 2525 | 14 0329 94 124 076 4077061 136 130837 1200004 616727 n3z| ol 527 1326 080 | -1701 13077
24 1380 | 789 0321 94 nr 048 4309595 1.09 49572 1158287 5R24.94 1792 | nd  s12 16 07| 177 13242
218 1000 | 747 0334 93 0.71 41267.09 m 119492 1191048 629291 5215 1647 197
34 1,130

316 1320 | 759 0326 9.2 126 045 72398240 255 244442 1109243 9826.52 Nns55] ol0 537 144t 065 | 1748 13033
329 1,600

446 1660 | 746 0326 s\ 095 4117938 140584 11955.71 609920 17.87 16 12768
44 2240

426 3450 | 742 0292 92 150 106 4485519 114 130593 1237976 6399.92 2700 | o1 536 415 061 | 1681 1293
L] 3,000

sn1 8330 | 744 0321 92 087 425719 172 106 133876 1144579 578275 19.69 -1626 -1817
5ns 7.150

61 8980 | 737 0314 93 067 39560.61 125998 11397.75 5774.00 2086 | 000 565 000 1288 076 | -I64 -131.38
6/16 595 | 736 0211 9.4 032 4082249 1193.58 1145019 612754 13.08 1654 13189
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P32 Fiold Chomistry Masa Spec ICP (aglh) € (mpl) 50
Dischargo Tap | Allalinty G C & G Fo Mo P NO, SO, NO, >
Dets (o) | gH S)  (6g0) | tmpCeCOVL) [AS(10) Ca(100) (10) (1.0) (LO) (1.0} (50.0) K(100) Mg(100) (1.0) Na{l0®) (1.0) Za(L.O)|F .06 CA(L) @06 (1LO) (03) o" is
L2 3890 703 204 4555320 156480 "12417.40 108 611100 13.30 -16.87 12998
85 5260 475& o/m 86 132 199 443770 1512.80 1207230 5963.00 1470 | 0.1 41 19236 036 -16.64 -12999
54 4,069 149 0.3s1 84 184 4318570 146930 11879.70 595730 2130 -16.98 -131.07
e 3740 735 0382 82 194 3835000 176 135580 11093.10 5462.60 21911 013 42 172 036 <1711 -131.78
s 4930 738 0394 36 1.8 41359.00 186 1459.00 11932.00 5$933.00 2231 -172 -13272
[/ 5030 739 0391 91 201 3814100 196 113 1340.00 10942.00 5863.00 H.72 -16.84 -131.91
(%] si60 | 7m0 0394 92 146 208 4234885 1 148231 1242673 678589 80|03 45 1578 037 1146 AB07
616 4270 7353 0388 137 133 138 2911982 989.98 805847 387869 1528 | 0.14 412 1567 038 -17.82 -]1289
(172 3270 141 0358 96 187 341671 155 133204 1113247 560358 1331 1741 13036
&30 3,200 765 039 93 174 2667932 1.11 1499.01 1102057 583700 3168 =176 -13358
mw 2,200 735 039 95 125 171 283423 163536 1208344 6146.80 2089 013 37 145 036 -16.89 13198
mne 1,690 739 0391 97 120 02 W08 109 1650.78 1143531 sw 88 ] 013 236 45 036 -16.27 -132.25
30 1210 133 03% 9.7 196 4589903 Li0 172609 1262458 a8y 13.54 =165 ~131.17
/13 958 757 0305 10.1 19t 36972.70 101 1337.79 1063507 505596 3298 -17.04 13124
820 1,220 769 0309 10.7 138 213 408827% 1.89 W44 11248 5349.18 25 ] 04 3% 1610 034 -17.23 -131.7
9/16 1,395 731 0291 109 139 0.84 2816742 L.12 107846 R217.86 39140 207571 013 402 1627 035 -17.02 -132.12
1017 1,430 73 03 115 137 223 4371644 1.63 157855 1135641 542085 26.72 § oo dsta a? -130.74
11/14 1308 758 0299 107 136 . 1.78 39267.08 145 1413.67 10936.00 5143.17 44| 012 408 1905 032 -17.07 -131.01
1213 1,340 762 034 104 200 4121143 1.88 144286 1162873 567541 18.13 -17.65 -133.61
119 2,525 15 0.329 96 125 196 41620.12 137731 1166796 561534 1584 ] 012 423 1915 032 -17.03 130,76
2/4 1,380 762 0326 94 116 162 40ng2 116 1560.67 1144481 5508.02 2050 0.12 430 221 030 =179 -134.14
F/it ] 1,030 739 0336 93 179 42334483 135789 11557.65 355885 2097 -1622 -128.74
34 1,130 736 0325 36 125 160  I9B49 86 259 134047 113032 551098 1890} 012 423 2015 031 -16.9 -12803
3Nne 1320 738 0329 87 125 144 3836236 103 119775 981436 4712934 1968 ] 012 427 1984 031 -17H -129.53
3129 I.QDD 754 0277 79 208 435492 172 1348.66 12019.75 58123% 29 -1758 -13231
46 1,660 151 0326 ] 189  4anms bd 1468.66 11817.6% e 16.61 -16.87 -129.89
414 2240 766 0317 96 212 405%0.M 1.3 129377 1111156 567741 2736 | 012 42 188 030 -1742 -132.05
426 3450 759 0291 79 141 198 45235071 1402.85 1168529 6170.77 2385 | 013 42 134 <PQL -1623 -128.82
sis 3,000 15 0288 8.1 080 4194783 150 126788 1105476 569758 637 -19.01 -133.13
7 2,330 139 0309 17 190  35264.01 138 257 129809 1121492 5933.49 2233 -17.06 -132.29
525 115% 711 0319 83 199 3925028 128515 1093641 5490.41 2199 | 013 456 000 1597 036 -16.52 -13191
67 8,980 74 0308 13 185 3354026 118 1269.60 10759.11 SN 670 | 013 469 000 1507 035 -16.65 -132.09
/16 5,950 744 027 1.6 156 3984534 1200.38 10950.48 5627.11 1181 -16.47 -130354
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P34 Field Chmistry Mass Spec ICP {ug/L) 1C (mg/L) 0

-

Discharge Conductivity Temp |  Abalinity Cd Co G Cu o Mn .3 NO, 50, NO,

Dty (cf8) pE 5) (@8 0) | (mgCaCOyL) | A1 (10) Ca(100) (LO) (10) (LO) (1.0) (50.0) K{100) Mg(100) (1.0) Na(100) (1.0) Zn(LO}F(0.08) C1(1.0) (006) (1.0) (03)| o©" )iy
Lo 38% | 708 156 4413110 137 1513.80 12008.80 $918.20 1270 Q718 13033
st 5260
sN4 408 | 751 04 84 134 148 46955.10 147000 1244800 6177.00 1970 ] 012 43 174 041 701 13142
sne 3740
3ns 49%0 | 74 0.405 L7 15 4140100 150 1.08 145400 11916.00 6019.00 287 A4 13209
(7] 5080
(3] 5160 | 786 04} 93 137 164 4326448 145047 1318691 664412 2655 | 013 45 1601 oM | 734 1273
616 4270
62 32710 | 736 0391 94 153 4153834 135531 11797.62 5750.00 a7 1749 12926
670 3,200 _
w 2200 | 7252 o047 94 130 L zmoT 160678 1217072 6080.8] 2430 | 012 44 48 o042 | -17.08 1323
7my 1,690
780 1210 | 757 0416 9.5 145 4756327 173237 1317559 6648.14 1426 1657 -12011
813 958
830 120 | 18 0317 10 139 161 423954 1.03 141793 1150518 $673.94 8|01 431 1526 040 | -1736  -13234
916 1,395
1017 1430
1114 13 | 1.2 027 98 140 141 3862288 138963 1141361 544883 U4 | a2 449 1650 038 | 1707  -13135
1213 130 | 746 0333 96 153 413454 138085 11683.88 5687.12 17.08 arm o 1329
1n9 2525 | 74 033 93 135 152 4051234 BI1126 1161733 5578.99 204 | o 452 1653 036 | -1689 1306
24 1300 | 7 0253 91 129 125 4251977 137740 1116169 53882 B2M| 012 456 179 035 | -7m a2
218 1,080 | 75 0333 87 144 4286462 136025 31503.78 578656 .06 1706 13218
1] 1,130
6 1320 | 739 0329 &7 127 L5 4214902 129481 1054258 513724 2067 | 012 431 1695 036 | -1769  -13L15
3n9 1,600
4 1660 | 743 0325 83 166 4291316 141345 12092.88 3867.42 19.98 2697 -13007
414 2240
4026 3450 744 0.294 85 150 1.64 4191432 134823 1115117 6054.52 1505 ] 012 4 1655 033 -16.97 -131.66
85 3,000
5n7 8330 743 0318 B3 1.52 43008.66 120 134628 1143180 558021 21.03 <1735 -132.88
528 7,150
67 8,980 734 0358 B8 1.59 4047268 1.06 110 130175 1162620 5716.10 21661 012 503 000 1491 041
N6 sg50 | 739 0.285° 9.1 105 4122603 119451 1140260 5659.76 14.12 1647 -13331
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MM2 Fisld Chemistry Mass SpecICP (ng/L) IC (mgh) 50
Discharge Conductivity Temp |  Aflafindty € C C Cu Fe Ma ) No; SO, No, *
Date (cf8) pH (S) (deg C) | (mg CaCOYL) | As(.10) Ca(100) (1.0) (1.0) (1.0) (1.0) (500) K(300) Mg(100) (1.0) Na(100) (L9) Za(1.0)|F(0.06) C1(1.0) {0.06) (1.0) (0.3) o" iy
7] 3,890
5/5 5,260
54 4060 | 713 037 104 8% 256 2960240 132560 815290 4303.00 2280 | 015 200 Bz o | Ja78 13237
5n9 340 | 738 0328 103 306 2934900 168 124400 873600 397,00 383 -17.26 -132.85
5ns 45350 | 689 0384 927 245 27649.00 105 128400 824200 3935.00 075 1734 -134
62 5080 | 697 0394 101 254 1M2900 138 1254.00  7993.00 3878.00 1415 177 -13491
9 5160 | 11 0385 13 9l 258 2839140 1n 140871 885820 417187 w7012 182 1225 od.| 812 13045
616 aan | 117 038 10 9 301 325114 146 182643 1133573 431941 02| 014 195 1292 nd | 1795 -129.95
622 32am | 714 03Tt 105 258 2511275 149 140106 951034 420439 2078 1732 -130.63
630 3200 | 2 0372 97 242 01519 117 148945  9084.7 421499 N -3 -133.07
»w 2200 71 0385 9.7 109 230 BINIS 156118 10134.20 4439 3126 | 012 170 14.10 -16.95 -13268
/i1 1690 | 7.04 034 101 18 235 4005146 173816 11808.98 5437.00 3833 ) 012 10 1560 nod | -1606 13143
730 1210 | 71 0409 10 254 4618136 140 184131 12933.83 6027.55 13.97 1607 13041
813 958 709 0316 104 15 4T 206 156781 12062.98 $216.13 ny -17.19 1311
830 120 | 18 0305 109 4 234 4097169 142557 11213.40 4995.06 1975 ] 013 330 1729 =od | <1731 -132.67
916 1395 | 707 0308 109 154 098 3355750 116884 940789 435237 3035 | 013 362 1785 032 | 712 BL7
1017 1430 | 735 0301 107 139 223 4530649 1599.10 12076.57 578297 1904 | 013 452 1657 046 | -17.11 13187
1114 1305 | 727 0297 10 136 177 4304703 147334 11267.57 548679 1022 ) 012 435 1665 040 | -17.08 -131.64
12713 1340
119 2,525
% 1,380
218 1,030
4 L130 | 746 0328 96 126 136 3988497 133074 1146732 550761 1442 | 012 442 1831 036{ -1696 -129.11
N6 1520 | 749 0327 91 126 154 4175603 1283.54 1169124 4969.61 139 | 002 459 1952 036 | -17.44 -13127
39 1600 | 749 0281 87 193 4503054 141484 12881.66 6053,04 164 1717 -13L6
4 1,660 74 0331 92 200 43000.05 150691 1190939 5687.19 15.00 1733 -131.21
4n4 2240 | 719 0331 91 121 229 4303354 1600.51 12083.67 6396.90 2014 | 021 109 289 049 | -1606 1287
a6 345 | 693 0.257 9.7 110 231 3895640 151088 1110684 6038.98 2010 | 012 59 70 046 f -1622 -128.43
s/ 3000 | 699 0265 95 241 3420331 1.08 140420 9408.72 492424 2mn -17.13 -13129
sh7 8330 [ 7 0349 [ 230 2814629 L1l 148 110287 753480 4404.55 amn 1657 13114
55 7,150 7 0312 91 234 276116 119160 769935 418,77 419 | 013 227 000 1403 <PQL| -1662 -131.84
(%4 898 | 706 0294 88 229 3502346 133931 97482 545899 1950 | 012 310 o000 1488 o028 | -1647 13181
616 5950 | 7.06 0.261 9.1 1.89 2868348 1088.16 836646 430048 46.77 -16.42 .82
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MM4 Field Chamistry Mass Spec ICP (ng/L) IC (gll) 50
Discharge Condnctivity Temp |  Albafnity G & Cu Fe Ma ) NO, 50, NO *

Date (cf)) | pH {1S) (deg €) | (mg CaCOL) [A(10) €Ca(100) (10) (1.0) (1.0) (LO) (50.0) K(100) Mg(100) (1.0} Na(100) (L.0) Za(L.O)JF (0.06) C1(1.0) (0.08) (1.0) (@3)| o o

42 3,8% y

5i5 3260 ‘

sna 4069 |} 724 038 101 13 184 4200180 148580 1163980 L1718 10| o1 s4 1666 049 | .1685  -13059

N9 a0 | 12 0366 93 209 3853600 132 1429.00 11192.00 546720 162 1700 L1086

828 490 | 1m0 04 96 205 4m.00 1.56 157600 12137.00 6468.00 2086 1731 -1326

6 5000 | 7206 oam 98 229 36153.00 231 144500 10459.00 6812.00 256 1801 13399

(7] 5060 | 78 037 s 1 247 a1 168 163923 1212140 691293 383 | 013 Sl6 1507 o6 | 145 3026

66 4an |13 036 1 121 281 3920600 L7 181057 1422266 76152 2516 | 043 448 1448 039 | 1788 12906

13,7] am | 14 039 10.1 248 MW 1.9 150952 11095.09 5970.99 2565 AT 1206

670 320 | 714 0365 10.1 240 2512065 159433 1037921 5441.00 B3R 214 B0

»w 2200 | 733 037 102 110 222 251964 162783 1072154 53919 2715 | 013 340 1400 032 -1685 13131

7mno 19 | 721 0ass 109 n 240 44762 17203 1151841 2619.99 25| 033 3m 150 036 1632 1009

7m0 120 F 731 0w 109 257 3901767 170348 11989.04 995235 1136 1655 -1Ls

813 o8 | 737 0306 1ns 263 3905808 1501.19 1102441 522366 1656 A716 4207

810 Lz0 | 728 029 124 138 294 4199006 158111 MBI4 35576 2020 013 372 000 1749 036 -17.19  -BL1

916 135 | 726 030 12¢ 141 281 384d4ls 160493 1087779 520538 189 [ 012 411 000 1831 039 -1698 13166

1017 1430

114 1,308

1213 1340

ne 2,525

2% 1380

218 1050

34 1,130

3n6 1320 | 747 o3 77 ” 214 4049756 120331 1230910 5030.76 1538 [ 012 414 209 030 | .66  -12964

n9 1,600

46 1,660

44 2240

ans 3450

815 3,000

N1 8330

sns 7150

61 8,980

6/16 5950 | 72 0.255 96 214 36573.56 123134 10128.49 564747 10.67 167 13245
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MMS5 Fisld Chomitry Mass Spec ICP (uglL) 1€ (mgl) B
Discharge Conductivity  Tewp | Allatimty | e € & G P Mo ) NO; S0, NO,

Datn (cf) | pH S) (48 C) | (mg CxCOL) | As(10) Ca(l00) (1.0) (1.0) (1.0) (1.0) (500) K(100) Mg(100) (LO) Na{100) (L0) Zn(LO)|F(0.06) R {(1.0) (006 (LO) (03)]| o "
Y2 3850

1.3 5260

sna 406 1 718 0.458 98 162 242 5688520 149 25460 1652440 9869.70 2850 | 011 1365 208 181 .63 1217
5n9 340 | 741 0438 102 345 4505200 312 2466.00 © 13669.00 5865.00 18.10 1621 12671
/25 490 | 105 0477 9.7 sS4 S110200 195 182 187900 1580000 8446.00 183 -1632 1262
6 s0s0 | 69 0.551 11 235 58106.00 158 214800 1847700 9660.00 “19.63 758 -13281
65 5160 | 736 0.52 n 3 197 5262032 Llo 204931 1811844 9158.87 xn| o012 658 1886 146 | .1749  A27%
616 27 | 714 045 n2 148 1.94 5307835 13 215797 1936710 883728 B ol s 1707 097] 17 -12734
612 3210 | 7.8 0447 1.9 194 4511828 185036 14824.62 ™03 18.34 1739 1273
610 3,200 7 0416 106 196 4629090 199001 1342077 752715 %7 1632 13102
™w 2200 | 716 0427 98 134 LT 4012588 198357 1406478 765186 3960 | 013 830 145 078 | -1594  -130.38
mne 1690 | 717 0449 102 18 189 4121903 180342 128280 628898 211 | ol 4 M0 052| 1645 13033
7m0 1210 | 72 0434 101 193 4975785 105 187404 14004 83 7258.50 10.19 1599 1302
!m osE | T4 0316 104 I 4IT468 142717 1195091 578340 1728 748 131
730 1220 | 757 031 1 164 202 4763084 154893 1288348 638284 1931 | o3 528 1689 091 ] 714 13288
N6 1395 | 72 0331 106 17 090  40880.10 136997 1083843 5884.00 75 | 013 7.0 1762 127] -1691 1307
1017 140 | 728 0321 n 150 221 @I’ 169034 1245443 664633 1780 | 013 514 183 omr| 687 13166
114 1305 | 745 0297 10 140 LM 4a2Rs 146051 1106531 540339 1690 [ 012 437 1654 03| -1717  -13038
1213 1,340

119 255 | 0 0425 94 128 198 4516315 145825  13060.62 6363.62 1245 | 012 440 000 1638 037 1799 13
24 1380 | 799 019 1] 127 183 4255357 140 132250 1144749 5525.06 1620 | 012 450 o000 1965 035 a1 any
218 1030 | 806 0.333 9 L7l 4178815 132189 1142062 5602.56 15.54 1687 -12635
34 1,130

ne 13 | 76 0325 88 12§ 119 3389880 105035 1045322 410282 s | e 440 1836 035| 1708 1318
n9 1,600

3 1660 | 739 0326 87 197 4162954 136144 11665.57 5650.76 1262 1576 1277
414 2240 | 742 0339 B4 151 L8O 5127477 147851 1378836 6241.25 1770 ) o1 69 166 054] -1651 1285
416 3450 | 726 03 89 ir] 186 4508458 125879 1230522 593117 1447 ] 012 46 11 036 -1635 anm
55 3,000 '

n1 8330 | 716 0419 94 355 5333699 159 257 255821 15139.54 424,50 14.40 4574 -12552
525 7150 | 698 0423 96 172 4749614 188378 1555539 9442.95 1505 | 013 704 000 1844 145 | 1646  -13083
o7 8980 | 702 0395 92 183 4258187 175286 1406157 195655 1825 | 012 623 000 165 106| 1658  -1315)
616 s9os0 | 7.04 0284 96 142 3889194 145589  12340.09 6276.00 13,61 1653 -132.08
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"HGR Fisld Chemintry Mass Spec ICP (ug/L) IC (mglL) 50
Dischargs Tep | Alabimity C4 Co G Cu Fe Mn 3 NO; 50, NOy >
Dao  (cfy) | pH Owdaiviyms (deyC) | (mg CeCOVL) |AS(10) Ca(100) (1) (LO) (LO) (LO) (500) K(100) Mg(io) (1.0) Na(100) (L0) Za (LO)F(006) A(10) (008) @.0) (03| O 28
428 3090 | 829 212 2649120 107 107 96330 767000 879 316040 121 7213 -B3LD
55 5260 |} 818 1.7 n 158 2utse 0710 659570 601 274 230 | 006 098 880 nod 17 -130.53
N4 406 | 835 0231 2 167  24m20 202 80840 772010 2910.30 2080 1B s
519 M0 | 242 024 104 209 2402300 145 93570 760780 1233 2958.60 2016 | 009 124 1245 od | -i735  ame
NS 4930 | 835 025 105 207 24460.00 128 102800 762000 749 3575.00 19.06 745 A
(/] 5080 | 780 0248 17 209 2463300 108 101700 775700 933  3507.00 13.96 178 1346
6 5160 | 9.05 0242 13 L 256 AT LY 107538 799558 546 332051 2685 | 009 125 N5 o2 | -1841 13029
616 4270 | 8088 o264 123 % L7 1799926 79749 563435 784 242438 1684 | 011 139 1354 o | 1784 12816
(7771 3270 | s 0287 164 238 2366798 1.06 1245.14 866139 1207 3925.60 19.75 11T 1B
60 3200 | 84 0288 174 215 2016257 128436 895408 1161 398478 1726 4713 -13367
mw 2200 | 847 038 156 j71] 229 32878 138951 1002757 928 430427 1359 | 010 160 1600 od | 1686  -1327
me 160 | 827 0345 203 97 334 32m040 114 144465 1072617 2270 484211 1901 | 012 30 1920 od | 1615 13078
7m0 1210 | 831 0355 205 385 3580384 174328 1184063 1417 522761 on 168 13246
3 958 847 0266 96 305 3026630 129 134221 1049090 1151 453056 9.84 1698 -I3151
230 120 | 823 m 16 us 358 365243) 142 163529 1175979 778 582740 1895 | 017 254 2749 od | 1715 1514
ne 1395 | 82 0.295 ni 120 346 3957078 L1 195025 1124383 990 623243 2196 | 018 287 054 nd | -1702  -13268
1017 1,430 828 0302 98 12 401 42635.45 131 194851 1144650 401 683790 235 f 020 330 3462 nod 1672 -129.78
1114 1308 | &6 03291 2.6 17 297 3660739 160034 1072291 381 633780 2184 | 020 291 3507 od | 1642  -13155
1213 1340 | 82 032 LS 289 ITMA 117 162298 1137869 346 671687 1597 BT T Y ]
119 155 | s 0308 0 108 358 4227508 237 194110 1243305 705 71997 2568 | 01 358 000 3391 nd | 181 13498
24 1380 | 898 029 17 % 291 3775236 151835 1054928 837 60ITI2 1430 | 008 291 000 3305 nd | -1696 LM
8 1,030 | 84 0314 13 275 3931400 147610 1135956 830 6343.63 1033 162 -13031
34 L130 | e37 0.307 63 108 295 37981 1.68 167837 1160831 18.17 644838 1081 | 019 299 M40 000 | 725 13048
N6 1320 8.3% 029 59 100 7 36341.46 157 143770 1144040 1487 3545211 1443 | 017 281 3145 000 -17.43 -131.61
i 1600 | 828 0238 69 311 36590.42 156829 1100026 18.65 620159 13.90 BT AUIN |73}
' 1660 | 8as 0.267 84 292 3343767 148203 1017702 1717 573255 (3] 168 107
914 2,240 8.18 023 6.1 85 251 2872149 111236 837365 891 451802 1624 | 014 21 216 =ad -16.87 -129.49
4% 3450 | 785 0192 107 T} 227 2625010 101051 790135 1215 3857 1502 | 010 1S 157 ad | 1579 -12754
5/5 300 | 81 0197 104 095  28089.76 94671 TIS4T 1190 345230 1432 1809 -13038
517 8330 | 79 0.187 938 258 2185502 93704 613565 1004 296721 16.62 1631 -13L06
sns use | 1s 0.203 10.5 350 23851 212 104167 656432 1232 354844 170t | 030 142 o000 1n <@qul 1648 19139
€7 8980 | 71 0.215 101 443 2456748 i 120414 673403 978 393166 2038 | 010 139 000 1320 <PQL| 1644 13126
06 sos0 | 77 0213 143 396 2820967 1.50 113987 778570 1150 447551 12.38 21674 13195
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Field Chemnistry Mass Spec ICP (ug/L) IC (mg/l) 50
3
Discharge Coodoctivity  Temp

Dats oy mS , f X J o ): o
30 1210 82 0363 369 3608190 12 175460 1186730 1420 5316.50 7.66 1665 1321
Y13 1130 | 832 036 195 294 3294895 117 144292 1168442 1044 502486 1993 1708 -131.45
830 1220 | 852 0.294 165 127 371 3I7B9SSS 136 172832 1169443 595 5945.66 1885 | 0.1686 25368 26297 od 172 -131.67
916 1,395 22 0.291 11 12 154 28m1s1 144856 899646 627 4939.16 16.36 | 01793 2867 2944 pd | -165 13236
1017 1430 | 818 0.29% 98 122 406 4339817 135 194789 1131415 508 698895 19.78 | 0218 33411 35375 od | -l6ss -1317
1114 1305 | 8.4 0.298 28 17 296 4020873 157999 1108236 281 6429.05 1901 | 019 283 3415 od | 1702 -132.78
12713 130 | s2s 0.321 15 287 38175.90 113 1603.92 1115724 302 65713 15.50 -17.74 -1334
n9 2525 8 0314 0 10 280  37662.38 1.09 147498 1166146 402 634273 1737 J0.1791 39643 0 3282 nod 15,49 12717
214 1330 | &8 21 12 103 253 3690344 160998 1026348 704 5738.00 1748 101739 27778 0 3L157 od | 1754 13431
218 1,090 0316 0.7 (ios) 171 38663.87 144791 1101740 344 615933 10.50 1679 12782
4 1,130
3N6 1320 89 029 6 % 178 3555534 130 143240 1119179 1516 527183 1021} 017 275 3128 000 -17.18 -131.52
39 1,600
13 1660 | 827 0331 76 301 3254786 140096 964811 2124 52974 13.90 -168 13125
N4 2240
42 3450 | 1w 0192 10.7 70 236 2738556 112667 B23680 1201 4474.52 1753 | 0.112 16602 17931 nd | -1633 -128.45
55 3,000
N7 8330 | 791 0.1825 98 251 224191 1.59 BLT2 654637 828 356 9.95 167 -131.16
5125 7,150
&n 8080 | 781 0.212 103 454 281606 3.45 121095 672984 817 1396312 1965 | 012 169 000 1430 <PQL| -1636 13118
616 5950 | 8.02 0.216 142 4.01 2353331 235 1093.78  7883.92 10.77 456540 20.46 : 21645 -130.97




98

LR}

WQoM

Fiald Chemistry Mass Spec ICP (ug'L) IC (mglL) 50
. L3
Discharge  pepty Conductivity Teop |  ABalinity € C G Cu Fe : B zZ | F O NO, S50, NO
Due (cfs) swwse] pH (18) (4280} | (mgCaCOLL) | AsCI0) Ca(100) Q.0) (10) (1LO) (10) (50.0) K(100) Mg(100) Mn(1.0) Na(100) (1.0) (1.0} | (0.05) (L0) (0.0 (1.9) 3] o i
428 3,89 N
85 5260
sne 4069 mnnj 1z 043 94 140 188 46555.00 202500 12914.00 6812.00 2170) 012 525 1999 074 | -1634 12999
N9 3,740
515 4930 395| 717 0433 91 196  46261.00 201300 1324400 709200 8.74 -17.04 13178
(%) $,080
] 5,160 2996 | 7.69 ‘042 105 142 202 45716.71 2480.89 13505.76 1113 7806.71 2234 013 505 1736 061 | -1759 .12193
616 8210
622 3270 722 0.413 95 1.5t 43769.94 254112 1244935 1366 711309 2% -1756 -12127
&0 3200
™ 2,200 726 0.41 94 133 191 4620003 244670 1182827 655356 17291 0.13 440 1520 039 | 166 -13213
mne 1,69
no 1210 15 0.419 97 184 482709 193653 13100.58 617135 168 1603 1293
3 958 ’
/30 1,220 747 0.305 108 152 211 44358.68 184543 1173924 5669.32 1147} 013 437 000 1598 042 |-1722 -13238
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DH1

Field Chemistry Mass Spec ICP (ug'L) IC(mgL) 50

Digcharge Tewp |  Allalimty Cd Co G Cu Fe Me 13 NO; 30, NO )
Date (cfs) pH  CondwtiviysS (deg C) | (mg CaCOyL) | As(10) Ca(l00) (L) (1.0) (1.0) (1.0) (50.0) K(100) Mg(100) (L0) Na(l00) (L0) Zo (1.0O)JF(0.06) C1(1.0) (0.06) (1.0) (03) o" B
96 1,395
1017 1430 | 718 0285 123 12 336 3625321 133 152513 10465.30 3083.02 4529 | 010 621 o000 1834 o] 71 -130.45
114 1305
1213 1340 | 178 0324 109 286 AD2A4G.44 114 140808 1204734 63083 2930 17.89 1331
119 255 | 11 0236 99 1] 268 243679 142 305 118360 813884 40 #46| nd 794 000 1249 04§ | 751 13077
b1/ 1380 | 7.85 0302 96 106 264 3578943 1160.08  10079.90 575052 B3| ed 540 000 1853 067)] 1711 130,44
bt 100 | 724 0329 73 243 37264.53 115947 10438.11 586252 15m 1635 -130.69
34 1,130
ne 1320 -
3729 1600 | 792 0261 8 296 3325738 135248 1072072 6209.70 1415 1695 -12041
46 1560
4 2240 | 729 031 12 120 289 3547540 13 12134 968536 6103.11 1622 | 009 g8 1898 049 | -1686 -1305
426 1450
s 2000 | 693 0217 25 153 3168533 L10 1088.16  £360.69 7906.34 4011 1729 -12949
57 8,330
55 715 | 653 00503 A 210 615485 27 47442 163504 185248 3332 |<PQL 138 000 242 <@QL| -1616  -12643
&7 8580 '
16 595 ) 67 o091 (1] 062 1087415 43759 284727 235442 2,65 -163 -12732
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DH2 Field Chemistry Mass 5peo ICP (ag/L) € (waL) 10
Discharge Top |  Alaiinity Ci G & O P Mo » NO, SO, MO >

Daia (cts) PH  ConductiviymS {dag C) | (mg CaCOL) | As(10) Ca(100) (1.0) (1.0) (1.0) (1.0) (500) K(100) Mg(100) {1.0) Nu{100) (1.0) Zn(LO)|F(0.06) Ct(L.0) (0.06) (1.0) (03) o B

96 1393

1017 1430 | 749 0305 104 140 197 4380448 109 1537.03 1117814 547570 n66 | 012 470 1624 037 1718 13214

1n4 1305 | 745 0.30% 104 135 183 41140.18 615 139936 10860.55 5363.76 3301 { 012 439 1658 039 -1721 -13201

1213 1340 | 715 033 106 176 4120125 196 106.08 163759 116%0.16 161 601956 93.03 -n -133.67

1ns 2525 | 7.9 32 94 18 187  41703.57 (136091 118004 596858 nB| o013 762 000 1709 055 -1698 3112

w 1380 | 817 0.326 81 130 147 475002 742 1505.14 1133251 548474 2838 ] 011 465 000 1837 037 -I759 -13294

ns 1030 | &1 0335 9 159 4187674 20.50 131895 1157189 $381.16 &S0 1625 12928

V] 1,130

ne 1320

n9 1600 | 738 0279 . 85 202 4085819 120 1430 139897 1129647 550092 491 174 ~131.96

6 1,660

N4 240 | 744 0331 9l 175  4mI50 176 182 161088 1170682 6799.01 404 | 011 49 170 035 -1569 12691

45 34%0

S5 3000 | 733 0291 87 L7 124874 750 127409 1194632 6339.04 5146 -1731 -131.99

sn7 8330

525 50 | 128 0308 87 136 4070915 546 1287.16 1114246 562877 27471 011 419 000 1591 041 | 1685 13226

61 8980

6/16 5950 | 729 0278 89 134 4031190 119 1281 1382.85 1123733 577130 60.94 -16.56 -131.74
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BLS Field Chemintry Mass Spec ICP (ug/l) IC (mgL) 50 .
Discharge Cooductivity Temp |  Allalinity e G & Cu P Mn . NO; 5O, NO

Dz (cfs) pH (uS) (dg O CaCOyL) [ As(10) Ca(i00} (1.0) (1.0) (1.0) (LO) (50.0) K(100) Mg(100) (1.0) Na(100) (1.0) Zn(LO)|F (0.06) C1(1.0) 006) (L0) (©3)] O iy
Llr)) 3,99

55 5,260

54 4069

N9 3,740

525 4930 | 716 045 104 114 43505.00 153200 12339.00 6321.00 1489 4703 182
&2 5,080

(3] 5160 | 81 0452 123 149 123 4819585 3 D460 13754 242 726551 nas| o sn 202 08| 1745 1284
6/16 4270

e 320 | 756 0447 106 12 4680292 1.69 191364 1214670 630266 2467 1761 -130,06
60 3,200

w 2200 | 762 ous 105 139 0T 41213 462 24215 191279 158 723046 3259 | o012 530 1860 Q57| 1697 13158
mne 169

no 1210 | 76 0438 104 095 1912 298 2227 1368570 116 T298.46 1783 1608 -13144
03 958

830 120 | 74 303 1 149 121 42683.63 143715 1105141 5631.90 nxs ol s2 1716 048 | 1726 320
916 1395

won? 140 | 15 0.306 92 128 151 aseadee 155653 11693.75 5856.66 131 | 013 sV 1691 0S4 | 767 1w
1114 1305 | 752 o030 39 137 129 4366743 149475 1118708 276 1371 | 014 496 1751 047 1714 13149
1213 1390 | 737 0337 82 L2 498412 144089 1234446 5930.42 11.78 1793 13381
e 2525

24 1380 | 216 0333 99 126 095 4725613 167227 1151973 361211 1064 | 014 49 000 1954 041 ] 1775 1321l
218 1030 | 7.94 0345 92 110 4531446 150938 1201054 5967.16 17.53 1684 13101
34 1,130 )

ne 1320 768 034 92 127 095  42119.08 1470.52 1190630 541092 BB | 013 49 20591 041 -1727 -13128
319 1,600

4/6 16606 | 75 0.34 102 L4 u0nm 158481  11655.43 5911.53 2064 167 -129.45
Y 2240

476 3450 | 748 0308 102 144 153 44350.07 1633.04 118%.18 §183.45 1659 | 014 512 1951 040 | 1598 129
L 3,000

sn7 330 | 76 0343 102 126 4430690 206 137 173420 1191148 195 601732 2097 1697 -1321
shs 7150

/7 so%0 | 734 0347 101 133 4508222 159564 1241811 6348.71 1572|013 606 000 1924 035| 186 -132.56
6/16 595 | 737 03l 103 085 45086.5] 152081  12560.69 6476.08 1256 1649 -13242
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BLD Field Chemistry Mass Spec ICP (ug/L) IC (mglL) 50
Ausanuy N
y
(mg

Discharge Conducti Temp (deg|CaCOL CGd o O Mn b l F C NO; SO0,

Date (ofs) pH  viy(S) O ) |As(10) Ca(100) (1.0) (1.0) (.0) (1.0) Pe(50.0) K(160) Mg(100) (L0) Na(100) (1.0) Zn{1.0Y (006) (1.0) (00§) (1.0) Noy(03) | ©O" H

a8 3,850

5B 5260 761 0413 106 44082.00 145500 11985.00 5656.00 18.90 1673 13047

s/i6 4,069

5n9 3140

s 4930 758 0433 104 L0 4192400 121 189 155400 12477.00 6344,00 16.87 q684 -131.82

62 5,080

&9 5160 796 0431 10.7 109 4657781 180 168104 1350774 6631.65 p7X ] 1759 -1214

616 4210

L] 3270 2.6 0433 129 098 4630832 21 173019 1208577 6042.03 3832 1764 12823

630 3,200

] 2200 759 0435 129 144 | 045 28601.43 1.56 185835 1218012 6108.74 1738 ] 013 44 189 04 1688 13158

e 1690

mo 1210 784 0444 10 067 4751469 120 172227 1263049 629t 13.30 BLLT e} T

'3 958

8130 1220 758 309 109 M9 | Loz 4407408 1407.78 1168588 547524 1815] 015 431 1869 035 | arm 133

9N 1395

1017 1430 746 0304 89 144 | 112 4487519 1442.09 " 11763.53 5695.52 1316 014 406 1804 034 176 13148

1114 1,308 714 0295 8.7 137 | 111 4133954 1425.58 11566.78 577809 1805 013 37 1.2 en | s s

12/13 1340

119 2,525

24 1,380

18 1,030

W4 1,130

ne 1320

3n9 1,600

46 1,660

414 2240

415 3450

5/ 3,000

517 8330 752 0329 101 105 42219 1.30 133843 1122046 5666.61 12,87 1694 -13238
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wWM2 Fild Chamistry " Mazs SpecICP (L) IC (mglL) 5o
. L3
Dischargo Condoctivity Tep | Alualiity Cd Co & O Po M ® NO, SO, NO, )
Dan (o) | o (u5)  (degC) | (mgCacOyL) [A9(10) CaQon) (19) (L0) (10) (1L0) (30.0) K(100) Ma(100) (L0) Ne(100) (1.0) Zn(iO)F (0.06) C1(1L0) (006} (1.0) (@3] o* B
o 1210
"3 958 19 0323 u - 208 34N27 167635 1020063 291 380029 3538 272 1318
30 1220
e 13 | 71 0.283 12 136 17T 3872 184613 1043062 373 6063.02 2026 | 0.1138 80814 15465 0.7987| 1712 -13236
1017 1430 | 718 0.287 109 7] 194 3983880 181137 1075204 6000.56 1786 | 0.1089 s.1168 16979 08167] 1737  -130.16
1114 135 | 712 0Im 104 132 160 3535428 1942.50 1002458 212 1567} 009 865 1480 087 -1704  -130.18
113 130 | 72 0304 10.9 159 3962367 190511 1151479 134 676417 1981 1T 1A
ns 2,525
Y1 1380 | 788 0302 95 124 154 4006565 186832 1079061 6313.68 1508 | 010 720 000 1882 082} 165  -12828
218 1080 | 726 0306 91 143 3916266 157298 10747.47 6112.89 1949 -1591 -12835
3/4 1,130
N3 130 | 123 0308 91 106 129 3848683 141995  11680.79 550269 1608 | 010 729 1936 o12| 1629 128
31 1,600
&6 1,660
4 240 | 12 0305 6 130 168 4095045 176210 1114271 6341.66 1520 | 010 746 1762 059 -1638 1816
426 3,450
s/s 3000 | 704 o02m4 94 058 4113803 WS 127761 64810 1535 A17.n 12979
57 8330
5125 7,150 116 0327 9.1 1.86 38052.08 148267 10163.40 S348.72 4270 ) o1l S19 000 1727 056 -16.43 -130.23
6N 2,980
616 sos0 | 706 0335 10 015 5134427 2913.98 1264377 9207.13 1537 1627 -131.58
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HGS Fisld Chemistry Mas Spec ICP (ug/L) 1C (mg/L) 150 .
Discharge Tomp | Alkabiity € 0 O Cu Fe Ma ) NO, SO, NO,

Date (c) pH  Cooductivitym$ (degC) | (ma CeCOYL) | AS(.10) Ca(100) (1.0) (1.0) (1.0) (1.0) (500) K(100) Mg(100) (1.0) Na(100) (1.0) Za(1.0)[F(0.06) CI(L0) {0.06) (1.0) (0.3) o" )i g
48 3,890

5/ 5260 | 7.1 127 214 4043610 1450.80 1121880 520440 995 | 011 354 41 038 | .68 -130.5
N4 4,069 75 0359 108 13 193 3992170 146130 1132020 5217.50 1710 f o1 387 1376 039 17 13091
N9 3740 | 763 0375 106 198 3928800 1386.00 11473.00 5295.00 2740 o1 3T 1395 039 | -1736 13172
sns 490 | 741 0384 93 158 3809200 L13 132100 11080.00 525200 19.40 1707 132,08
62 5080 | 733 0369 111 202 3767500 137200  10978.00 5208.00 3042 179 13499
[ s160 | 7.89 0382 16 204 39987.30 142170  11867.60 §370.12 2975 | 012 366 1379 038 | .1732 <1273
66 4,270 7437 0.381 133 134 220 3870745 226 148300 1312727 5720.63 3010 | 011 422 1373 042 -17.57 -12843
o2 3zm | 739 0387 103 195 4109299 102 141551 1109200 5232.86 .50 -17.55 126,11
&30 3200 | 71 0389 13 166 2731990 1507.14 11457.80 5398.97 3338 -16.17 -130.46
m 2200 | 757 0395 12 120 154 3618, 1419.10 1028092 478168 1721 | 010 340 1310 03%] -l65S 12941
me 169 | 742 04 109 n7 174 4120736 164497 1204073 5632.98 2639 | 010 340 1340 038 | -1642 13025
70 1210 | 787 04 11 20 4173090 109 161506 12007 6315.96 4939 1656 13212
am 938 746 0.309 109 199 3897599 288 136249 10396.52 4849.40 1791 Bk -131.88
230 L20 | 739 0278 113 139 194 40440.09 134039 11046.49 5154.42 1264 | 011 368 1367 039 -1726 . -131.88
96 1395 | 741 029 10 136 12 dOTRAN L1 134718 1114584 5086.64 1481 | 012 401 1375 040 | 1712 13213
1017 1430 | 7.5 0296 93 127 200 4243223 12 136126 11197.71 5271.58 1976 | 0.11 429 13% o041 | 172 -130.78
1114 1305 | 758 0249 84 136 L77  36490.64 124608 1108912 524127 2266 | 010 384 1427 040 | -1642 -131.16
1213 1340 16 032 2.7 L74 4008740 121 128917 1I770.83 545268 15.82 1778 1328
1n9 2,525 81 0313 81 121 188 4061133 117443 127410 $808.94 1683 | 0.10 386 000 1984 034 | -1824 13074
24 1380 | 804 031 ] 134 158 4111992 117946 1128235 5216.26 1411} 010 401 000 1460 036) -l638 13099
18 1,080 | 763 0321 26 151 4068893 116252 1110154 5023.56 ik} 1608 12929
34 L130 | 754 0316 94 127 L17 3994136 125122 1121664 5180.10 12921 013, a4 1513 036] -1735 -130.84
N6 1320 § 754 0318 89 125 119 3989126 119477 1184873 479187 1394 ] 010 38 1428 035| -16m 12955
3n9 1,600 | 755 0271 89 169 4305500 133512 1221663 5459.17 17381 1727 -132.34
&6 1,660 76 0317 96 166 412043 134298 11807.34 549230 19.52 21698 12996
414 2240 | 7153 0313 93 140 192 4816 127007 1152431 657921 sl | o1l 36 150 034] 172 -131.52
42 3450 | 749 0284 95 139 211 39549 12345 11233.87 5399.93 1640 { 001 37 149 o3| 1676 1302
L1 3,000 73 0282 97 095 3896195 122931 1132746 $31572 1545 -16.87 -129.12
sn1 8330 | 74 0318 96 191 3720706 107 129 105663 998598 4786.83 13.36 1636 13131
528 1% { 0.288 10 199 3743690 119991 1019252 482027 1653 | 611 <244 o000 1307 032| 1633 13191
&N 8980 | 746 0.299 98 200 386%0.17 109 117 123476 11069.45 523146 1528 | 011 469 0.00 1320 039 | -1684 127
6116 595 { 735 0.274 102 152 40383.49 116372 11029.87 5319.39 13.14 1622 -131.42
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HGD Field Chemistry Meas Spec ICP (ngh) IC (mgl) o
-»
Discharge Tep |  Alafiy Cd Co &r Cu Fe Mn ) NO, SO, NO, '

Date (i) M Codottviged (@gC) | (mg CaCOJL) JA(10) C2Q100) (10) (10) (1.0) (1.0) (500) K(100) Mg(100) (10) Ne(100) (1.0) Za(LO)F (0.05) C1(1.0) (009) (1LO) (03) o' ): g
428 3,890

i 5,260 -16.55 13085 |
5 4069 | 183 0417 120 1544400 m 114 90330 493520 2000 391L.60 high

sn9 ame | s 0425 1L L7 4133200 103 237 157400 1175000 B.41  5763.00 5358 { 011 435 1572 035 ar17 13204
58 4910 :

61 sos0 | 738 0448 107 143 42680 114 1585.00  12207.00 6176.00 nn 1755 13356
65 5,160

6116 42710 | 7627 04m M3 128 208 4736266 357 166103 14721.40 6882.01 25| 010 4m 1466 039 | a768  -18M
(7,51 32%

630 3200 | 736 0447 105 1.51 76306 an 159352 11654.69 5900.04 3408 74 -R232
] 2,200

me L0 { 7%t 0436 106 135 186 4223960 129 43 1210274 5808.64 257 011 410 14350 o032 | -lslo 13064
770 1,210

&3 938 758 0345 103 184 3913830 168 130736 10363,12 4930.64 248 4705 Bl
8f0 1,20

ne 1395 | 13 0337 96 135 185 4131250 117 140859 1093328 511633 197 | 010 388 1369 040 1719 322
1017 1480 | 758 0324 93 18 191 4286390 148 147386 1124204 5360.8 2584 | 011 438 1430 o041 | 1728 -13061
1114 L5 | 767 0274 = 142 124 414616 167 138643 1136261 $524.85 BB ol 4T 1516 040 | -1643 13118
1213 L340 | 7% 0348 91 L1948 172 142445 1261049 6090.87 1641 1789 B2
119 2328

24 1,380

218 1,030

4 L1s0 | 766 0346 93 192 040 4199408 248 139395 1217757 6121.88 1884 | 011 509 159 03| -1718  -13087
ne 1,320

s 1,600

46 1660 | 755 0345 9.7 106 4487756 148783 1271354 6€265.86 1531 1654 1903
44 2240 i

426 345 | 726 0316 9.5 157 108 4742646 230 141560 1277221 632043 1670 { 013 516 1580 03| 1671 -130.62
s/s 3,000

sn7 830 | 76 0346 9.7 102 4438147 182 17 1329.16 12689.91 621440 1725 167 -13267
528 7150

&N 8980 | 759 0345 97 050 4402825 132 142314 1216092 6053.56 170 | 013 500 o000 1557 o033 ] 1693 -13269
16 5950 | 132 031 104 063 4506378 128827 1203855 506036 20.78 1632 -13247
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HGP/L

Field Cheenistry Mass Spec ICP (ug/L) IC (mg/L) 80 .
Dischargo Terp |  Allakinity Cd C & Cu Feo Mo ” No, S0, NO,
Duts () ) pH Codtiviyms (degC) | (mgCaCOM) | ASCI0) Ca(i00) (10) (1) (10) (1.0) (50.0) K(10) Mg(100) ' (1.0) MNa(100) (1.0) Zao(LO)|F(0.06) 1 (L0) (00§ (L0} (©3)] oY B
s 30
S5 s260
e 408
9 30
s 490
& 5080
#® sie
@6 420
@
680 3200
i/ 2,200
M 160 | 835 o3 ) 353 330368 158 14794 1002736 167 454948 19.48 4651 1301
| 1210
o 958
o 1m0
e 1398
017 1430
wa 1308
1213 1340
e ass
W 10
ms 100
W L0 198 3406343 an 169069 962070 2056 494654 kigh 1648w
ne 1w
329 1,600 kA1) 3832776 1.85 1673.84 11243.03 6159.01 18.17
#1660 252 1A 146490 969205 5377.99 3490
e 20
s 34%0
5/5 3,000
N7 g 155 26w 339 452 SBILL #3768 240
ses 7150
& 8% 427 2608836 ass 118518 652035 3896.12 251
(711 5,950 485 33038.70 524 130010 816238 459751 22,50 -18.78 -129.55
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GRG

Field Chemistry Masa 5pso ICP (ug/L) IC (L) so |
Discharge Conductivity Tamp |  Allalinity €d € C Co Fe Mo Pb NO, S0, NO

Date (cfs) i (mS) (deg C) | (mgCaCOYL) | As(10) Ca(100) (1.0) (1.0) (1.0) (1.0) (50.0) K(100) Mg(100) (L0) Na(100) (1.0) Zn{1.0)|F(0.06) C1(LO) (0.06) (1.0) (03) o i
ans8 3,890 )
1] 5260 | 717 0.164 127 014 1559540 91920 500190 1270 391460 3390 -1732 -1304
N6 4069 .
sne 40 { 71 0.169 9 037 %2140 *1205 BT 221 *M4%0 3974 | 006 448 619 090 | 1695  -13041
58 4930
177 5080 |68 01831 94 019 1615200 91400 5553.00 1474 4183.00 28.08 A% 12912
(4] 5,160
616 420 |68 017H n 56 017 1615359 87589 636720 1035 424510 1958 | 005 375 534 082 | 1749 12804
{175) 327
670 3200 | 658 018 85 bd 1177260 7504 512140 S8 38R 2567 672 13064
w 2,200 . .
my 1.6 | 6™ 0.19 94 58 bd 1804462 74418 $72864 593 401779 3196 | 005 410 ST 097 648 12929
0o 1210
03 958 & 0.1595 9.1 043 1699471 8546 351225 431 380070 908 4708 12988
830 1,220
ne 1305 | 659 01513 9.9 62 021 17017 96447 587618 2445 404147 2601 | 005 s 593 074 -16%2 12985
1017 1430 | 677 01448 9.6 58 023 1541082 84451 313072 152 366464 2615 | 005 360 498 o081 | 1742 1M
114 1,305 | 638 01389 9.3 59 bd  15493.56 T8L72 508289 363567 3144 328 493 om| 1793 1298
1213 1340 | 63 0.157m 10 bd 1711026 - 89195 57736 381 403866 n% 1743 13031
19 2,525
%4 1380
218 1,10
3 L130 | 681  0l5d9 95 56 012 1mm81 B5LE3 520266 3453,89 1606.| 006 381 623 087] -1633 -12445
ne 1,320
ns 1600 | 637 01349 9 048 1R259.04 876.59  6024.49 418216 36.42 6T 12817
% 1,650
44 2240 | 69  o1se2 92 62 049 1834627 90320 STHMA4 122 434966 nE | <PQL 485 639 oo | .72 287
ns 3450
s 3000 | 647 0.141 93 bd 1927643 87191 685254 471355 4092 732 By
A7 8330
s 7150 | 647 01506 8.7 022 16999.52 866.10 346020 4215 425403 2389 | <PQL 507 000 SS1 086 | -163 -128.81
61 8,980
66 595 | 643 01499 8.8 bd  17303.89 TI5.65 363231 681 423298 18.29 1631 -12019
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Fisld Chemistry Mass Spec ICP (ug/L) IC (mg/L) 50
LY

Water Conductivity  Temp Allatiity Cd & 0 Cb Fe Mn Pb NO, SO, NO,
Dae _ Eeatm | pH (@S)  (@8C) | (maCaCO/L) JASCI0) Caqio) (19) (L0) (1.0) (1.0) (50.0) K(100) Mg(109) (1.0) Na(100) (1.0) Zn(LOMF(0.06) 1(L0) (006) (10) 3| @ iy
428 o 696 027 25M™.00 1230 21200 07250 83290 2850 1751 -13191
5/
sn4 32066 | 716  0.0287 9 3 0 277480 469 10200 9M%0 960.60 | o 139 od | 1704 -1306]
N9
SRS 320702 | 683 o022 83 03 3617.00 597 18200  987.00 930.00 38.08 1767 188
(%]
5 320653 | 7242 0.0307 747 8 032 278 109 31381 85179 L4 732 4832 | 001 042 127 od | -84 -128.41
a6
622 320688 | 701 0.033 134 019 27035 22940 906.96 760.53 a0 -17.83 -1258
630
] 3063 { 722 0.049 133 16 011 403825 32105 105886 100258 3348 180 od | 1646 12928
mns
mo 206 { 813 00644 161 033 63197 672 37038 154358 191424 9m -17.08 -129.58
3
230 320604 | 182 00983 133 25 035  $915.00 31028 194431 1690.64 4055 ] o2 o065 192 od ] a2 -131.57
916 320629
N7 2082 | 122 00393 75 16 043 447034 43031 138687 130281 04 | 01 06 17 1725 -127.05
Wi 320606 | 917 003% 19 14 bd 410047 127295 1136.50 3476 181 -17.05 -128.35
1213 320615 | 635  0.0%64 09 bd 414701 259.65 125129 112461 4440 1735 -12768
N9 320646 | 675 00335 0 2 bd 32301 2962 141997 1288.58 3842 | nd 127 000 149 nd | 1538 12189
U 3206.2 748 0.0335 31 12 0.17 IUTW 136123 1160.93 27.80 od 034 000 190 d 1673 -12616
Me 320618 | 673 00407 0 016 441573 25665 158229 1431.65 nM4 Q67T 12796
n 3206 | 74 0.0398 63 16 bd 440828 27705 185839 108247 3006 | 004 057 303 000 1745 12752
N6 320625
39 320635 | 789 00276 53 052 36%.39 1281.08 107214 2623 -162 12584
s 3206.32
a4 708 00N17 56 4 047 350281 161.14 140716 18612 244 | QL nd 15 ad | -1647 1249
4126 3207
5i5 726 00286 ] 039 295985 1263.51 124832 3162 -1663 126,12
HiYd 320745
sps 320733 | 649 0023 68 021 251962 18434 89223 92259 3283 | 000 000 102 000 | -1633 -126.14
@1 - 20m
616 642 007 10 bd 224033 74744 412 62 2627 73
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WPS Field Chemisnry Maxs Spec ICP (ugL) IC (mglL) 150
»

Condutiviy  Tearp |  Allatinity CdC & Cu T Mn ™ No, 3o, No, )
Dats (cfs) ]| B (1S)  (dsgC) CeCOVL) | As(10) Ca(100) (10) (1.0) (1.0) (1.0) (50.0) K(100) Mg(100) (1.0) Na(100) (1.0) Zn(LO){F (0.06) C1(L0) (0.06) (1.0) @3] o B
A 3,39 B
53 5260
sna 4069 | 73 0319 116 % 014 3216700 108700 1016600 758 631400 2680 | 006 728 494 058) .a6m AW
5n9 3,740
s2s 490 | 716 o3 1.1 016 3050000 102400 1043500 178 5998.00 68.00 1691 -12088
& 5,080
9 510 |12 om 15 100 0.55 2848500 125933 1115000 248 &7 joeod| 007 s o043 9% 034 | 788 1248
&ns 420
o2 3270 | 1 oam 1.7 005 2510044 116106 992069 186 573588 ®.65 1754 1236
630 3200
) 2200 | 718 0338 1.6 100 005 3111188 110 ST217 1007685 181 SE20.7M n0o| 007 740 o030 o040 07| 1648 12968
N9 1,690
no 120 |73 o3 12 005 2400388 129127 1U210E 660404 29.18 438 AU
813 958
8530 1220 | 781 w 1.1 95 005 2905106 1.85 103740 927319 124 536021 8110 [ 006 771 938 081 | 1708 -1291
916 1,395
1017 140 | 117 om 10 91 016 273162 86344 WS LM 519536 ssed | o7 813 929 068 | 1728 1286
w4 1305 | s 02 95 % 005 2669895 81163 891449 53317 an 712 ole 075 | -168 12013
1213 1340 | 7118 0282 101 005  29978.55 1.56 96346 10005.52 260 558896 $3.56 aun e
119 2,523 747 0.238 92 L] 0.05 28985.61 13.54 1298.06 938378 1.28 5834.66 5150 | 005 776 000 912 108 -12.52 -129.87
2% 1,380
08 1,030
304 1130
M6 e |1 s 103 2 bd 2986563 103 WITE 1053484 5002.64 3234 | 006 787 5% 03] 63 02
3129 1600 | 700 0216 103 036 3075178 238 98146 1001262 5685.30 38.52 1731 1296
45 1,660
A4 220 | 719 029 102 bd 2865810 85615 920211 527,68 2665 | <PQL 7.5 870 00| -1612  -12652
%6 3,450
5/ 3000 | 693 023 106 bd 3095602 85975 97710 553363 25,04 1549 -13099
517 8330
53 720 | 705 025 106 039 2990432 148 99332 948200 550690 . A28 | <PQL 777 000 82 095 ) -l1664  -13069
6n 8,980
616 5950 | 69 025 10 bd 3124260 BILSE  9724.07 535115 2895 1647 -13LIS
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RON Fild Chemistry Mass Spoo ICP (1) 1€ (mgll) 50

L}

Dischergo Conduotivity Teop |  Allfimty €d € & G F Mn 23 ND, 80, MO,

Dt (cfs) | pH (nS) (dog C) | (mg CaCOVL) | As(.10) Ca(i00) (.0) (1.0) (1.0) {1.0) (50.0) K(100) Mg(100) (1.0) Na(100) (10) Zn(1L.)|F(0.06) QA(L0) V0§ (L) (3] ©O* iy
N9 3,740
sns 4930 | 733 o404 9 162 40242.00 120 142700 11713.00 6121.00 7 1754 13336
a2 5,080 .
2] s160 | 787 0384 10 133 177 4299037 2 150577 1162245 57299 6091 § 014 3™ 1713 031 ATTT 12695
616 4270
(%] 3zn | 74 o3ss 94 164 M07106 1n 143483 105355.23 5443.81 30.80 1781 12635
630 3200 '
»w 2200 | 747 o386 93 127 142 3806345 124 155138 10444.68 410,18 3952 | 013 340 470 030 | 67 13223
mne 1,690
mo 120 } 156 039 92 207 4091620 208 168529 11642 sas2s7 39.56 Q700 -13201
813 958
30 120 | 82 201° 94 140 291 3307910 L19 146050 1190038 1050 515490 2042 | 014 a7 158 033 Jan17 382
96 1395 ’
1017 1430 | 748 028 11.8° 138 186 M5T2I8 1.53 156277 1127213 537847 5855 | 0.14 407 179 o031 718 -13048
1114 1305 | 734 D26 97 135 168 4304108 12 152370 1120487 5516.44 6105 | 014 408 1906 0304 1704 13293
12713 1340 | 761 034 104 167  42089.04 160 147056  11567.04 965227 83.28 1765 -13245
N9 2525 | 746 o033 98 129 155 4275401 23t 147122 1192181 57127 13725] 013 464 000 2005 035 | -1617  -128%2
u 1380 } 802 0333 26 138 161 44658.05 130 149025 11704.77 5734.63 7288 | 013 4T 000 2013 035 | -1739  -1304
ms 1090 | 760 0345 2 149 4491446 149786 11967.77 592387 984 1621 AT
34 1,130
né 1320 | 764 0334 93 120 106 35509.40 169 117245 10480.76 422087 9222 | 013 455 274 035 1726  -13081
9 1,600
46 1660 | 753 o338 9l L7 4250505 19171 1141461 571862 12468 1741 13191
44 2240
406 4% | 739 03 91 149 181 4152013 120 136138 1107242 585705 6718 | 0.14 464 1953 034 | .16 12069
55 3,000
sn1 8330 | 744 0316 7 137 4003489 201 214 125109 1154845 5924.72 %14 21678 13259
ns 1%
67 8980 | 738 0305 B4 166 40409.08 1357.85  10978.04 5645.73 747 | 013 385 o000 1653 028) -1623 1313
616 5910 | 732 027 8.5 L2 40Tt 1300.67 10979.12 5588.07 42.94 1692 -13297




Appendix 5
Precipitation for the Study Period
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Appendix 6. Dissolved cadmium, chromium and manganese detected during the study.

MM2 MM4 MMS5 WOM DH2 BLS HGS DH1 GRG
Date | Cd | Cr {Mn | Cd | Cr [ Mn|cCd]cr [Mn|cd]cr[Mn|calcr M| cdlcr | Mn|cd]|Gr|Mnl|Cél|Cr]Mncd]cel
4728
5/5 13
5/14
519 13 22
5125 16 19 11
672 15
6/9 1.2 242
6/16 104
622 13.7
6/30 578
m 1.58
M9 593
7130 1.16
8/13 431
8/30
9/16 245
1017 152
1213 1.96 1.61 121 381
119 1.42
3/29 1.20
4/14 1.76 1.2
N7 A1 159 206 195 107
525 421
6/7 1.0
6/16 119 6.81
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Date
428
515
5114
5n9
5125
612
619
6/16

6/30
9
m9
7130
813
8730
9/16
10117
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414
N7
5125
67
6/16

WM2 RON BLD HGD WPS P26 P30 P32 P34
Cd[Cr|Mn|Cd]Cr[mnfcd]cr[mn|cafcr [MncCdlCr[Mn|{Cd[Cr [Mn]Cd|Cr [Mn|Cd]Cr [Mn]|Cd|Cr[Mn
1.1
17 20 16 425
1 8.4
12 18 L9 1.5
256 2
248
1.86
1.81
291
10.5 1.24
in
1.12
134 2.60
1.28
201 130 1.82 124 .12 1.58 1.20
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Appendix 7. Arsenic values for above and below Milltown Dam. The Blackfoot River dilutes the Clark Fork, giving lower
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Speciation Raw Data
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Page 1 0of 4

Boftware Version : 8.2.1.0.104:0104 Datn : B44/2005 15:35:49
Operator : Administrator Sample Name

8Bample Number : Study :
AutoSampler : Rack/Vial :on
Instrument Name : Channel T A
Interface Serial # H - AD mV Range : 1000
Delay Tima : 0.00 min End Time : 6.37 min
Bampling Rete 1 1.8881 pin/s

Sample Voume : 1.000000 pL Area Reject : 0.000000
Sample Amount : 1.0000 Diution Factor : 1.00
Data Acquisiiion Time : 6/17/2005 14:32:38 Cycis <1

Raw Data Flle : C\ElanHPLC\RewDeta\060817\as 3 and 5 10-050617-144107_74_02 raw

Inst Method : DEFALULT from C:\ElanHPLC\RBWData\05061 \as 3 and § 10-050817-144107_74_02 raw
Proc Method : CAElanHPLC\Methods\une 8.mth from

Calib Method : C:\ElanHPLC\WMeathodsyune 8.mith from

Report Format Flle: DEFAULT.ipt |

Bequence Flile
] STH Vo 3
40—— f‘
!
Y.,
R SRR S I B T T f‘“‘/ S ".".-"fet-'—--uﬁ.-v-*
8 2
|II1||_1|I]IIIIIIIlTI1fi1]|||!|!EII|IIlIllllr'lTITllillEII
: (Y3 1.0 15 20 285 2.0 as a0 45 5.0 55
Tne [min)

Arsenic 75 speciation

Peak Component Time Asrea Helght Asea Nomm. Area Cal. Vot BL Adjusted Raw
[ 3 Name [min] [uVv'sec] [uV} [%6] %6} Range Range Amount Amount
1 AB3+ 2638 3682161 3977.52 5320 5320 BB 10.1680 10.1689
2 asb 4608 32380.18 2303.87 46.80 48.80 BB 7.0576 7.0575
88210.79 6281.48 100.00 100.00 17.2164 172164
Missing Component Report
Component Expected Retention (Cefibration File}
dma 2.818
mma 3.811
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Page 1 of 1

Software Version ! 82.1.0.104:0104 Date : 8//2005 15:30:39
Operaior - : Administrator Sampis Name
Sample Number : Btudy :

: Rack/Vial - oM
Inatrument Name : Channel c A
interface Gevial @ : A/D mV Range @ 1000
Delay Time : 0.00 min End Time : 5,70 min
Eampling Rate 1.0881 pinle -
Sampis Volume : 1.000000 pL Arva Reject : 0.000000
Sampls Amount : 1.0000 Diiution Factor : 1.00
Deda Acquisition Time : 8/17/2005 17:38:50 Cycle : 1
Raw Deta Flie : C\ElanHPLC\RawData\05061 7V0806hgr-050617-174452_74_02.
Inst Method : DEFAULT from CAElanHPLC\RewDeta\05061 nneomgr-osoeﬁ-nuaz_u 92 raw

Plocllemod c‘\EanHPmewloamfmn
C\ElanHPL C\Mesthods!

\june 8.mth from
ReporlFomwlFle.DEFML‘l‘rm
Sequence Fie : .
2 g
10- b Hé& 12 /
E j
! P
s /’ 1\
- Hy, ' X\
_]m - WAL BN, A A M ,‘ml‘»‘: .‘wd{"v*‘f"ﬁﬂ\}wihql,:'m*vh & Ml ! A M s - . ‘%“W%MA-VJ\,
£.0- -| . . !
; -
[? ‘:I!)TrllllliT1I]IIllli'llf_r1b.l]'[]l]illlllli]lll [
08 10 1.6 2.0 25 ap 66
Thme jmin)
Arsenic 75 speciation
Pesk Componenl Time Area Helght Area Nom. Area Cal. Voit BL Adjusted Raw
# Name {min} [uV*sec] [uV] e} %] Range Range Amount  Amount
1 Asd+ 25389 120469 121.60 6.80 6.89 - BB 0.39528 0.3828
2 as5 4.722 18286.63 1121.07 83.11 63.11 BB 2.8679 2.8879
1749032 124258 100.00 400.00 32807 32807
Missing Componert Report ,
Component Retantion (Celibration Fie)
dma 2.618
mmea 3.811

110



Page 1 of 1

Software Version . 6.2.1.0.104:0104 (s ] . B/4/2006 17:24:35

Operajor : Administrator Sample Name :

Sample Number Study :
RackMal ron

Instrument Name Chennel A

Interface Serinl # : AD mV Range : 1000

Detay Time : 0.00 min End Time : 8.97 min

Sampling Rats : 1.9881 ptass

Eampia Votume : 1.000000 pl Ares Reject : 0.000000

8Sampis Amount : 1.0000 Diufion Faclor : 1.00

Acquistion Time : G/7/2005 10:30:20 Cycle B |

Raw Data Flle : C:\ElanHPLC\RawData\D50807\D80 Thgr-050807-104083_74_02.raw
: -9 94033_74_92@

i
:
|

Method : C:\ElanHPL!
Calib Method : C:\ElanHPLC\Methods\june 8.mth from
Report Format File: DEFAULT.ipt
BSequence Flie :

& s
o -
1.6- - ,
- e b,f\' 7 '-". 6‘2 !
E 1.0——:—
E .045_-'
] .
B R e ek et Tt e T B A R I I Ly O R ¥ 7Y SR,
00— ¢ d
i '
] g
.r"‘l_!'_l:lill'l‘[l'[ii!fl|l||I_T"T—|"|_I_l_|-["I_I—'l"i"rl'llllFll[llll]illlifl
' 05 10 15 20 25 20 85 4.0 .5 so 65

Thme fmin)

Arsenic 75 speciation

Peak Componert Time  Area Height Area Nom.Area Cal. Volit BL Adjusied Raw
# Name [min] fuV*sec] [uV] %] %) Range Range Amount Amount

1 As3+ 2668 139130 16862 6848 6.48 - BB 0.4430 0.4439
2 asb 4.711 2016226 164201 0364 93.64 BB 3.8766 3.8766
2185355 1698.63 100.00 100.00 4.3204 4.3204
Missing Componant Report
Component Bxpectad Retertion (Cafibration Flle)
dma 2.818
mma 8.811
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Software Version : 621.0104:0104 Dates : B/4/2006 172756
Operstor : Admintstrator Sampls Name
' Sample Number Study
ReckN\al o1
Instrument Name Channel
Intertace Serai# : AD mV Range : 1000
Detay Tims : 0.00 min End Time : 8,37 min
Semplo Veme - 1:000000 3. Rejoct
H Area : 0.000000
Sample Amount : 1.0000 Diiution Factor : 1.00
Data Acquisition Time : 4/7/2005 14:13:20 Cycle 01
Raw Deata Fle : C:\ElanHFPLC\RewDsata\050310\wo -060407-142333_74_92 rew
Inst Method : DEFAULT from C:\ElanHPLC\RewDeata\05031 050406hgr-050407-142333_74_082.raw
n s\june 8.mth from

2
OLHCE H b
P S
5 04-=
. /
2 W
AU by JHJ,'.(,..'._4‘4,\,.um_u..w‘u,‘.\,\f_.v,‘”M Py IS "\Y' LAY Sy \LWJI"W" o ‘\“1'\/ P e
|
g
eri||[7T|l|||lliflllI]Iil]lllllilllI'flj]lll]rrjjrlliilifl
o5 10 15 20 26 a0 85 40 a5 60 6.5

Arsenic 75 speciation

Pask Component Tim Area eight Area Norfm. Area Cal. Voit Bl.Ar.ljustadRaw
#* Name [mh] [uV*sec] tuV] %] %) Range Range Amount Amount
1 asb 4.801 901728 602.13 100.00 10000 - BB 0.9770 0.9770
001728 602.13 100.00 100.00 09770 0.9770
Missing Component Report
Component Expected Retention (Calibration Flle)
As3+ 2505
drma 2.818
mma 3.811
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Software Version : 6.2.1.0.104:0104 Date : 8/4/2005 15:28:01
: Administrator Sample Name
Sample Number . Study :
AutoSampler : Rack/\Visal : o1
Instrument Name : Channel T A
Intedaee Seﬂal # : A/D mV Range - 1000
: 0.00 min End Time : 6.70 min
llﬂe : 1.9881 ptu/e
'olume : 1.000000 il Asea Reject . 0.000000
: 1.0000 Diution Factor : 1.00
DataAoquinonW 81772005 17:13:12 Cycdle Hi

Raw Data File : C:\ElanHPLC\RawData\05081 7\0606ch-050617-172127_74_02 raw

Inst Method : DEFAULT from C:\ElanHPLC\RawDeta\050817\0608ct-050817-172127_74_02.raw
Proc Method : C:\ElanHPLCWethods\june B.mth from

Calib Method : C:AElanHPLCWethods\june 8. mth from

Report Format Fie: DEFAULT.mpt

Sequence File :

283
4.76

i
- ’
(S

R R L T R R na rAe & e e »l“'\ Vied Mg
]
; g
1"1‘%|T’—|—|—1—|—1—r!_l—ngf‘l"l‘lﬁTT1*"—r_HIl"'VTI*FI”TTTr-TTj”TT_FI—P_‘

05 1.0 15 20 26 a0 as 4.0 45
Time (min)

Arsenic 75 speciation

Peak Component Time  Area Height Area MNom. Area Cal. Vot BL Adjusted Raw
-] Name fmin] [uvsec] [uV] %) [%6) Range Range Amount Amount

1 As3+ 2527 2038.16 162.14 8.84 8.84 - BB 0.6210 0.6210
2 asb 4.759 21016.36 1283.78 91.18 91.16 BB 4.0087 4.0987
23054.50 1445.82 100.00 100.00 4.7107 471097

Mlsslng Component Report
Ewoetedel‘!):mﬂon (Calbration Flle)

dma 2818
mma 3.611
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Boftware Version : 82.1.0.104:01D4 Dete 1 BI4/2006 162731
: Administrator Sample Name

Sample Number : . Btudy

AutoSampl H Rack/Val :

Instnament Name H Channel tA

Imarface Berial # H A/DmV Range : 1000

Delay Time : 0.00 min End Time : 8.70 min

Sampling Rate : 1.9681 piafs

Sample Volume : 1.000000 pL Area Reject  : 0.000000

Sample Amount : 1.0000 Diution Factor : 1.00

Data Acquisiton Time : &/17/2005 19:17:48 Cycle H |

Raw Data Flie : casmﬂnmmwnmw&uéﬂm—umm7—1ma1_u_m
Inst Method : DEFAULT from CAElanHPLC\RawDate\05061 7\06060h2-050617-192681_74_D2.rew
Proc Method : CAElanHPLC\Methode! 8.mth from

282
= AN

3

‘,\'o PR

Resporea [mV)
R $
TR
5=

A N P n'- N #-'17":: W’VMM

RILARK ceyot, . o ta oo '
' g é
- . R e e R N N R R RS RN A
P : !
0S5 1.0 1.6 20 2..5 a0 as 4.0 45 6.0 5.5
Tene gty .

Arsenic 75 speciation
Peak Component Time Arese Helight Area Nomm.Arem Cal. Vot Bl Adjusted Raw
# Name fmin] juVvisec] ([uV] [9%] 96) Range Range Amount

1 dma 2.821 1674.99 16861 16.68 1668 - BB 0.5381 0.5381
2 asb 4.743 8360.02 63542 83.32 8332 - BB 0.8085 08085
1004491 704.03 100.00 100.00 1.3466 1.3466
Companent Expeciod Rate
Component Retention (Calibration File}
A3+ 2.505
mma 3.811
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