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Geochemical baseline studies and relations between water quality and
streamflow in the upper Blackfoot River watershed, Montana:
Progress Report for July 1997-March 1998

ABSTRACT

The upper Blackfoot River watershed is the subject of a geochemical baseline
study as part of a larger endeavor of the U.S. Geological Survey Mineral Resources
Program to determine geochemical baselines on a regional and national scale. This site
was chosen due to the possible environmental impacts of the proposed McDonald Gold
Mine, which is proposed to be located 8 miles east of Lincoln, Montana, near the
confluence of the Landers Fork and Blackfoot River.

Eleven sites in the vicinity of the proposed mine were established for water
quality sampling and streamflow measurement. Surface water was sampled at each site,
and shallow hyporheic water and ground water seeps were sampled from selected sites.
All samples were analyzed for dissolved (<0.2 pm) major and trace cations, selected
anions, and inorganic and organic carbon. Water sampling and analysis were conducted
using ultra-clean techniques under a strict quality-assurance quality-control program.
Discharge measurements were made during each sampling event and were used to
ascertain losing and gaining reaches of the streams and to allow for constituent load
calculations. At least one shallow piezometer was installed at each site to measure the
vertical hydraulic gradient beneath the streambed.

As discharge decreased, dissolved concentrations generally increased and
dissolved loads generally decreased in both the Landers Fork and the Blackfoot River.
For many dissolved constituents, there was a negative, approximately linear relation
between discharge and dissolved concentration through the summer and fall. Samples
collected in the winter, when discharge was smallest, indicate that a reversal in the
discharge-concentration trends occurred for most of the constituents. The concentrations
of many constituents decreased in 1/98 and 3/98, well before the start of spring runoff,
and this is possibly due to the streamflows being dominated by early snowmelt.
Exceptions to these trends include dissolved As in the Landers Fork and dissolved As, Cr,
Cu, Fe, Mn, and Zn in the Blackfoot River. Arsenic concentrations in the Landers Fork
are thought to be controlled by inputs from the adjacent aquifer. In the Blackfoot River,
As, Cr, Cu, Fe, Mn, and Zn were more highly concentrated during high flows than during
low flows, possibly due to input from upstream abandoned mining operations.
Streamflow data indicate a dynamic relationship between ground water and surface water,
as losing and gaining reaches changed on both streams during the sampling period.

INTR N

The potential environmental effects of mineral deposits, both those effects that
occur naturally prior to mining and those that result from mining and mineral processing,
are key issues in national and global mineral-resource development. To quantify and
understand these effects, it is necessary to determine natural geochemical baseline
conditions that exist regionally in rocks, sediments, soils, ground water, surface water,
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vegetation, and other media. Baseline information is important to the establishment of
environmental remediation standards for mining and the determination of the extent of
environmental effects resulting from mining activity. In addition, such baselines can be
used to evaluate the environmental effects of other human activities that may result in the
mobilization of elements into the environment and to determine the geologic distribution
and environmental mobility of potentially toxic elements.

The Mineral Resources Program of the U.S. Geological Survey (USGS) has
identified the determination of geochemical baselines on a regional and national scale as
a research priority. One of the areas chosen for study is the Blackfoot River watershed in
western Montana (Figure 1). This watershed was chosen primarily because of the
proposed McDonald Gold Mine. This mine, located approximately 8 miles east of
Lincoln, Montana, near the confluence of the Blackfoot River and Landers Fork, is
proposed to be an open-pit operation with ore processed by cyanide heap leaching (Figure
2). The potential impact of this mine on the Blackfoot River and Landers Fork is a
dominant environmental issue associated with the ongoing permitting process.

The first stage of the study of the Blackfoot River watershed has concentrated on
characterizing the geochemistry of the Blackfoot River and Landers Fork in the vicinity
of the proposed mine and on determinating the physical relationships between surface and
ground water in the area. The purpose of this report is to 1) describe field and laboratory
methods and 2) present the hydrologic and water-quality data collected between July
1997 and March 1998.

METHODS

Eleven sites were established for environmental sampling and physical
characterization (Figure 3). Sites were selected upstream, adjacent to, and downstream of
the proposed mine site. Surface water was sampled at all of the sites for chemical
analysis, and ground water seeps and shallow hyporheic zone water were sampled at
selected sites. Discharge measurements also were made at each location during sampling
events in order to ascertain losing and gaining reaches of river and to allow for mass-
balance calculations. Two and a half centimeter diameter wells were installed at ten of
the sites to complement discharge data by allowing for comparison of ground water and
surface water potentiometric levels.

During the winter sampling, many sites were frozen to different extents. At sites
that appeared frozen, attempts were made to break through the ice to ascertain whether
the stream was frozen at the surface only. At sites with surface freezing only, the ice was
broken through along the width of the river and streamflow was measured and water
quality samples were collected. Sites that did not have any flowing water that could be
found beneath the ice are labeled as frozen.

Surface water:
Discharge measurements:

Discharge was measured using a Price AA current meter and Aqua Calc 5000
calculator (Rickly Hydrological Co.) following the manufacturer’s instructions. The
same meter was used over the entire project period, so as to limit sources of instrument
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variability error. Measurements across transects at each surface water sampling site
usually were repeated once and sometimes twice in order to define the variability in
measurements (Table 1). During the higher flows in July 1997, a bridge crane was used
at sites that could not be safely waded and that had bridges crossing them.

At each transect, depth and velocity measurements were made at 5 to 29 stations
across the width of the river (Table 1). The total number of stations depended on the
width and morphology of the river transect. Using the recommended minimum of 10
stations per transect was not always practical or possible due to the small size of the water
channels in the study area (Rantz et al., 1982). The spacing between the stations was
intended to capture as much velocity and depth variability as possible, and as a result, the
distances between stations were between 20 and 120 cm of river width. Spacing between
stations was tighter where there was more streamflow and where the transect morphology
changed more strongly. When replicate measurements were made, parallel transects
separated by several meters of river length were measured. The good reproducibility of
the replicate measurements justify the use of a smaller number of stations per transect on
the smaller channels.

At each station, the current meter was adjusted to measure velocity at 60% of the
depth of the river at the specific location. River depth was not found to exceed 1 meter in
any of the sampling sites, and thus a more detailed vertical profile measurement was not
necessary. Velocity data were collected by integrating 40 seconds of velocity
measurements using the Aqua Calc 5000. Although the Aqua Calc reports discharge
calculations to the hundreth of a ft3/s, discharge here is reported as rounded to the nearest
whole unit, because reproducibility was unsuccessful at a finer scale. For this reason, a
difference in discharge of 1 ft3/s or less is deemed insignificant. The lowest flow
measured during the study was at a couple of sites in the winter, when discharge was
measured as between 0.5 and 1.4 ft3/s. These measurements were assigned a value of 1
ft3/s.

The degree of variability in the discharge measurements was determined on a site-
specific basis. At most sites, discharge was measured twice. The variability in duplicate
measurements differed with the size of the streamflow. For discharge measurements
between 5 and 12 ft3/s, between 13 and 28 ft3/s, and between 29 and 40 ft3/s, the
variability was as high as 1 cubic foot per second (ft3/s), 2 ft3/s, and 4 ft3/s, respectively.
When discharge was higher than 40 ft3/s, the variability in replicate discharge
measurements was between 0 and 8%. For the lowest flows measured (at 1 ft3/s), the
variability of less than 1 ft3/s was not significant.

At sites where discharge was measured at least twice, the site-specific replicate
measurements were used to represent the variability. For those sites where only one
discharge measurement was taken, error bars were applied so that the single value would
be given plus or minus the value of the highest variability found within each discharge
bracket, as described above. Thus, for measurements of 5 to 12 ft3/s, a 2 ft3/s error bar
was applied; for measurements of 13 to 28 ft3/s, a 4 ft3/s error bar was applied; for
measurements of 29 to 40 ft3/s, a 8 ft3/s error bar was applied; and for measurements
above 40 ft3/s, a 16% error bar was applied. For example, for a site where discharge was
measured once as 20 ft3/s, its value is reported as 20 (+/-2) ft3/s; and for a site where
discharge was measured to be 100 ft3/s, its value is reported as 100 (+/-8) ft3/s.
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As long as the range of discharge measurements at two sites did not overlap, their
difference in discharge (>1 ft3/s) was deemed significant. If a site had lower discharge
measurements than a site upstream from it, the reach between the sites was classified as a
net losing reach. If a site had higher discharge than the site upstream, the reach between
them was classified as a net gaining reach. If the variability in discharge measurements at
the two sites overlapped, the reach was classified as having no measureable gain nor loss.
Downstream from confluences (such as below Copper Creek (C) and Landers Fork Site A
(LA)), the lowest discharge measurements from each site were added together for the
cumulative low end discharge measurement above the confluence, and this range was
compared to the site below their confluence. The same was done with the highest
discharge measurements at each site to find the combined high end measurements.
Similarly, at sites where several individual surface channels comprised the total surface
flow at a site, the maximum variability was used based on the lowest and highest
streamflows measured in each channel.

During the latter half of the study period, the water depth at many sites was less
than 1.5 feet, a depth below which a correction factor is recommended to be applied to
the velocity measurements (Pierce, 1941). However, these correction factors (mostly
between 0.99 and 1.01) were not applied because the factors are smaller than the error
found from performing replicate transect measurements.

Water Sampling:

Surface water samples were collected from some or all sites on the following
dates: July 3-4, 1997, July 20-21, 1997, August 7-8, 1997, September 13-14, 1997,
October 19, 1997, October 25, 1997, November 16 and 18, 1997, January 6, 1998, and
March 8, 1998.

Three depth-integrated samples were taken when sampling each site. Samples
were taken after the discharge measurements were made, and they were taken so as to
approximate equal discharge areas of the stream. The samples were numbered 1-3 at
each site, with sample 1 taken from the left side of the river (looking upstream), sample 2
from the middle, and sample 3 from the right side. The three samples from each site were
analyzed separately to allow for determination of variability across the stream transect.

Measurements of pH, specific conductance, dissolved oxygen concentration, and
air and surface water temperature were made in-situ during sampling. The instruments
were held in the moving water of the stream, in approximately the same places from
where the water quality samples were taken. The pH was measured using an Orion
model 230A pH meter; the dissolved oxygen was measured using an Orion model 820
dissolved oxygen meter; the specific conductance was measured with a Hach
Conductivity/TDS meter; and temperature was measured using a Barnant 100
Thermocouple Thermometer Model No. 600-2820 (JKT). The pH and dissolved oxygen
meters were calibrated at the beginning of the sampling sessions, and their calibration
was checked regularly (at least each time a new site was to be sampled), so as to maintain
good accuracy and precision (Table 2).

Sampling was completed according to ultra-clean techniques described by
Windom et al. (1991), Benoit (1994), and Taylor and Shiller (1995) to minimize sample
contamination. All samples were collected in 1-liter Nalgene polyethylene bottles that
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were previously cleaned in the laboratory. The ultra-clean washing procedure for the
bottles included soaking in a 6N HCI acid bath for at least 2 hours and then ina 1.0 %
trace-metal grade nitric acid bath for at least 24 hours. The sample bottles were
thoroughly rinsed with Milli-Q deionized water at least three times before and after each
of these steps. Following the final rinse, they were filled with Milli-Q water, capped, and
stored in double Ziplock plastic bags, in which they remained until moments before
sampling.

In the field, both people sampling wore clean surgical gloves which were changed
between sites. One person (“dirty hands”) held the outside bag and did not make contact
with the inside bag and bottle, while the other (“clean hands™) handled the inside bag and
the sample bottle. The “clean hands™ person collected the samples by first emptying out
the bottles of the Milli-Q water downstream, and then hand dipping the bottles below the
water surface upstream of him or herself, integrating over the depth of the stream. The
bottles were rinsed with stream water once before obtaining a sample for analysis. The
bottles were filled to capacity, immediately capped, placed back into their double bags,
and were stored on ice for transport back to the University of Montana Murdock
Environmental Biogeochemistry Laboratory. At least one field blank was carried through
the complete acid washing, filtration, preservation, and analytical procedure for each
sampling session.

Lab Methods:

Immediately upon returning to the lab, the samples were filtered and preserved for
analysis. This procedure was done at the end of each sampling day, except on the 2-day
sampling events, when samples were filtered and preserved at the end of the second day.
No sample was left unfiltered for more than 30 hours. Studies have shown that field
filtration results in high risks of introduction of trace metal contamination into bottles,
and that lab filtration, even if not done immediately, does not cause significant sorption
onto sample bottles prior to filtration (Struempler, 1973; Benoit, 1994; Taylor and
Shiller, 1995). In addition, an experiment was conducted for this project to test whether
sorption onto bottles before filtration was a problem. Five replicate samples taken from
the Blackfoot River were stored on ice for 2, 12, 41, 65, and 160 hours before being
filtered for analysis. Results showed that there was no significant change in dissolved
concentrations over the 160 hours. Exceptions to this were Fe and Mn, whose
concentrations dropped significantly after 65 hours, a time period longer than the holding
times used in this project nonetheless (Table 3).

Using clean surgical gloves, each bottle was removed from its double bag under a
class 100 laminar flow hood when the bottle was ready to be filtered. The samples were
filtered through Serum Acrodisc 0.2 um syringe filters with a glass prefilter (Gelman
Sciences). The effective pore size of the filter was reduced by exhaustive filtration, thus
reducing the amount of colloidal material passing through (Taylor and Shiller, 1995).
This entailed the passage of 50 mL of sample through the filter before an analytical
aliquot was obtained. The 50 mL was also used to rinse the bottles that the samples
would be stored in, as well as the syringe itself. Approximately 60 mL of sample was
filtered into an amber glass bottle (which had been cleaned by repeated rinsing with
Milli-Q water) with a teflon cap for carbon and anion analysis. These samples were not
acidified and were kept chilled until analysis. An additional 100 mL of sample was then
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filtered into polyethylene bottles (cleaned in the same ultra-clean manner as the 1-liter
sample bottles) and preserved to pH< 2 with ultrapure, double distilled from quartz,
Optima (FisherScientific) hydrochloric acid to await trace element and major ion
analysis. '

Trace element and major ion concentrations were measured using a Thermo
Jarrel-Ash ICP (IRIS), using ultrasonic nebulization (Cetac, U-5000AT+). The analysis
was conducted according to EPA Method 200.15 (Martin et. al., 1994) , but excluded the
addition of nitric acid and hydrogen peroxide to samples and standards solutions.
Previous lab work indicated no benefit in analysis with nitric acid, and hydrogen peroxide
was not needed because As was analyzed by atomic absorption spectrometry.
Consequently, these steps were eliminated to reduce the possiblity of contamination in
sample preparation.

Chloride, fluoride, nitrate-nitrogen, nitrite-nitrogen, phosphate, and sulfate were
measured within 48 hours of sampling by ion chromatography (IC) according to EPA
Method 300.0 (Pfaff, 1993). IC analysis was discontinued after January, 1998 because all
constituents were consistently below the detection limit, and sulfate concentrations could
be found from sulfur analysis on the ICP. Inorganic carbon was measured within one
week of sampling using a Shimadzu Carbon Analyzer according to Standard Method
505A (Franson, 1985). The remaining sample in the glass bottles was acidified with
reagent-grade HCl to pH<2, and it was analyzed for organic carbon also according to
Standard Method 505A using a Shimadzu Carbon Analyzer (Franson, 1985). Organic
carbon analysis on the acidified samples was completed within 1 month of sampling, with
the exception of the November 16, 1997 sample event in which analysis was completed
two months after sampling.

Arsenic analysis was completed by atomic absorption spectroscopy using hydride
generation according to Standard Method 303A (Franson, 1985), with modification to the
arsenic reduction method, calibration standard concentrations, and hydride generation
reagent concentrations. These modifications were performed according to a method
developed at the University of Montana Murdock Environmental Biogeochemical
Laboratory (Mickey, written communication, 1997), as described below.

Atomic absorption spectroscopy using hydride generation measures arsenic in its
volatile hydride (AsH3), which is produced intantaneoulsy from Asyyy) in the presence of

sodium borohydride and acid solution. In surface water samples, arsenic exists primarily
in the oxidized state As(y) and to a lesser degree As(ypy). Therefore, in order to measure
total inorganic arsenic, it was necessary to first convert all As(y) species to Asyypy. This
was accomplished by adding potassium iodide (KI) and hydrochloric acid (HCI) to all
standards and samples to achieve final concentrations of 2% KI and 1M HCI. The
addition was completed at least two hours prior to analysis to insure complete arsenic
reduction, which is relatively slow at room temperature, and low pH values (<2). Once
the arsenic was reduced, arsine gas could be produced within the hydride generator by
reacting with a 0.35% sodium borohydride (NaBHj,) solution (stabilized with 0.5%
NaOH), and 6N HCl, allowing for the determination of As concentrations in the samples.

Table 4 lists sampling dates with the corresponding analysis dates for each
analytical instrument.



Piezometers:

At all sites except at Hogum Creek, 2.5 cm diameter steel piezometers were
installed into the streambed to depths between approximately 30 and 60 cm. With a bolt
plugging the lower end, piezometers were pounded into the streambed using a fence post
driver and sledge hammer. Once the desired depth had been reached, the well was
twisted and pulled up about 5 cm, releasing the bolt and allowing water to enter the
piezometer. The piezometers were used to provide further insight into the physical
ground water/ surface water relationships and were not used for water sampling.

The surface water level on the outside of the piezometer and the water level inside
the piezometer were both measured using a standard measuring tape. The length of the
outside of the pipe above the surface water level was measured directly. The water level
inside the piezometer was measured by marking the tape with a washable ink pen and
noting the depth from the top of the piezometer at which the ink was washed off.
Piezometer measurements are site specific and are to be applied only in the immediate
vicinity of the well.

Hyporheic zone:

The geochemistry of selected shallow hyporheic zone sites were sampled in
October and November, 1997. Samples up to 85 cm in depth beneath the stream bed
were taken at sites LB and LC on the Landers Fork, and at sites BB and BC on the
Blackfoot River. At each of these sites, two multi-level sampling clusters were pounded
into the stream bed approximately 10-20 m apart. Steel pipe was used to pound in casing
into which the clusters were inserted, and the casing was immediately removed upon
placement of the tubing so that no metal was known to remain in the borehole. It was not
possible to use anything but metal pipe to pound through the streambed due to the
coarseness of the streambed and hyporheic zone sediments.

The sampling clusters were made up of 4-5 groups of acid washed 0.64 cm O.D.
polycarbonate tubing bound so that each tube was stationed at a different depth beneath
the stream bed. With the exception of BC, which was sampled 6 days after the cluster
was installed, at least 2 weeks passed before the multi-level wells were sampled.
Sampling was performed by extracting samples with syringes washed using ultra-clean
techniques. Care was taken to minimize the amount of water extracted in order to reduce
the volume of the subsurface space from which the sample was being integrated. At least
one tube volume was purged before a sample was taken, and with the small diameter
tubing, no more than 30-50 mL was needed for this task. With the help of the second
person also wearing clean surgical gloves, the syringe sample was filtered in the field
through 0.2 pm Acrodisc filters directly into ultra clean washed 125 mL bottles. These
sample bottles were rinsed with approximately 30-50 mL of filtered sample before
collecting the sample for analysis. Another aliquot of sample was filtered into a sample-
purged 60 mL amber glass bottle for carbon and anion analysis.

Snow:

Two surficial snow samples were collected from the floodplain near the
confluence of the Blackfoot River and the Landers Fork (site BD). The samples were
collected in ultra-clean 250 mL bottles, by scooping snow up into the bottles directly.
They were filtered in the laboratory within a few minutes of the samples having melted
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completely in the laboratory at room temperature. The same filtering and analytical
procedures were used as described for the surface water samples.

alj ur / Quali L.

Laboratory analysis was performed under a formal quality control program in
accordance with respective EPA methods for each instrument. Therefore, each
instrument was calibrated with linearity established between endpoints which bracketed
environmental sample concentrations (where appropriate) and was then checked for
accuracy and precision Accuracy was evaluated using laboratory reagent blanks,
laboratory fortified blanks, laboratory fortified samples, and internal standards. External
standards were also employed as a check for accuracy on the AAS, ICAPES, and IC.
Precision was evaluated on each instrument using sample replicates and standard
replicates. The practical quantification limit (PQL) was determined by the Murdock
Environmental Biogeochemistry Laboratory as the threshold at which a sample can be
reproduced within a maximum variability of 30% (Table 5)

All mean measured values of external standards and internal standards were
within the reported acceptable range or 10%, respectively, with exceptions for Ag, Sr, and
As (at the 0.5 pg/L level only) (Tables 6.1-6.3 and 7.1-7.3). Comparison of replicate
results indicate that constituent concentrations are precise within a minimum of 5.9% for
all elements except As, Cr, and Fe, which are precise within 9.7% (Tables 8.1 and 8.2).
Recovery of all fortified elements with concentrations higher than the PQL was between
86.1% to 115% (Tables 8.3 and 8.4).

A combined total of 140 lab blanks were analyzed during the project period, and
all elements for all blanks were below their PQLs (Tables 9.1 and 9.3). Fifteen field
blanks were analyzed. Concentrations of Ca, Mg, Na, S, and Zn were slightly above the
respective PQLs (Tables 9.2 and 9.4 ). The highest concentrations of Ca, Mg, Na, and S
(0.04, 0.02, 0.42, and 0.04 mg/L, respectively) found in the field blanks were generally
too low to affect sample concentrations, although they may explain the noise in many of
the data for Na (Na concentrations in environmental samples were commonly only 2-8
times the concentration in the blank). In addition, the occurrence of Zn above the PQL of
0.2 pug/L in 4 of the 13 field blanks needs to be considered when examining Zn data. The
highest concentration of Zn in a field blank was 3.7 pg/L, which is higher than all of the
concentrations in samples from the Landers Fork, and higher than some of the
concentrations measured in samples from the Blackfoot River. It is hypothesized that the
long residence times (usually several weeks) of the Milli-Q water in the blank bottles may
have been the source for Zn in the blanks, whereas environmental samples were in
contact with the bottles for much shorter periods of time. Therefore, despite the
contamination problem, it should be noted that 75 of the 112 Landers Fork samples had
zinc concentrations <0.2 pg/L.

Use of variability/error margins on data:

Error bars applied to the discharge measurements at sites where only one
measurement was taken are highly conservative, as they represent twice the total range of
variability found at sites with similar streamflows. Error bars at sites where mulitiple
measurements were made represent the full range of measurement variability, also to be
highly conservative. This approach has been taken in a rigorous attempt to not
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underestimate the measurement errors. However, this project is ongoing, and with a more
complete data set in the future, a more thorough error analysis will be performed in order
to refine the error bars.

Variability in the geochemical data is defined as the range of values in field
replicates. Lab error is inherently encompassed within the measured field variability.
For those samples with no field replicates (i.e. many of the hyporheic zone samples), an
error bar representing the mean percent difference between laboratory replicates was
applied. This value is different for each analyte. (Tables 8.1 and 8.2)

Use of variability/error margins on load calculations:

In order to quantify the amount of dissolved constituents being transported in the
rivers, dissolved loads (in grams/ day) were calculated for each sampling date (Tables
10-11). Three values were calculated for each sampling site on each sampling date, based
on the three surface water samples taken. The first value was found by multiplying the
lowest concentration of the constituent of interest in the triplicate samples by the lowest
discharge value at the site; the second was found by multiplying the highest concentration
of the constituent by the highest discharge value; and the third was found by multiplying
the mean concentration by the mean discharge value. The three values taken together
were used to represent the variability of the load measurements. Again, this procedure
entails a highly conservative calculation of the variability/error bars on the data, and this
is done as an initial approach to limit the possibility of the underestimation of error bars.
As the data set will grow in the future, the errors may become finer as they are better
defined.

RESULTS
L Discharge

Streamflow in the study area varied both temporally and spatially, and results
indicate a dynamic surface water - ground water relationship (Tables 1 and 12, Figures
4a-g and S5a-h). Overall, discharge decreased over the course of the study period.
Discharge relationships among sites on specific sampling dates were more complex.
Between many of the sites, net gains, losses, and no relative changes in discharge were
found on different sampling dates. Several stretches of the rivers that were gaining
during the higher flows had no net gains or losses in the late summer to early fall and
became losing reaches during the late fall and winter. One stretch of the Landers Fork,
between LB and LC, was gaining-on all the dates sampled, and was almost entirely
ground water fed by the January and March sampling dates.

A. Landers Fork streamflow

The three stream reaches that were measured for flow gain or loss were: 1) the
upper reach between C and LA combined (Copper Creek and Landers Fork A summed)
and LB (below their confluence); 2) the middle reach between sites LB and LC; and 3)
the lower reach between LC and LD (Figure 3 and Table 11).

The upper reach (between sites C+LA and LB) was gaining on 2 of the 6
measurement dates (7/3/97 and 8/7/97); it had no measureable gain nor loss on another 2



dates (7/20/97 and 9/13/97); and it was losing on the last two dates, 1/6/98 and 3/8/98
(Table 1, Figures 4a-g).

The middle reach (between LB and LC) was the only reach in the project area that
was gaining on all of the dates on which it was measured! (Table 1, Figures 4a-g). Over
the course of the study period, the relative increases in streamflow between sites LB and
LC became more pronounced, as input to the reach became more strongly controlled by
ground water contributions. During the high flow sampling events of 7/3/97 and 7/20/97,
14-16% of the flow at LC was derived from ground water inputs. Later in the year, as
discharge decreased, these percentages grew to 25%, 43%, and 67%, as measured on
8/7/97,9/13/97, and 11/16/97, respectively (Table 1). On 1/6/98, the Landers Fork was
followed upstream approximately 500 feet from LB, and the stream was found to become
increasingly small in size, until its flow was lost beneath snow and ice. Water beneath
the snow and ice was not found, and it appeared that nearly all the flow (5-6 ft3/s) at LB
had surfaced from seeps in the approximately 500 feet of channel upstream. Discharge at
site LC was 26 (+/-0) fi3/s, indicating that approximately 75% of the flow at LC was
supplied by ground water input between sites LB and LC. On 3/8/98, the stretch between
LB and LC was found to be more strongly ground water dominated. Discharge at LB
was only 1 ft3/s, but at LC it was 22 (+/-2) fi3/s. In addition, site LC, unlike many other
sites, was not frozen on the surface or with depth on the winter sampling dates.

The lower reach (between sites LC and LD) either had no measureable change in
discharge (on 7/21/97, 11/16/97, and 1/6/98), or was a net losing reach (on 8/7/97,
9/13/97, and on 3/8/98) (Table 1, Figures 4a-g).

B. Blackfoot River streamflow

Three reaches on the Blackfoot River were measured for flow gain or loss were:
1) the upper reach between sites BA and BH; 2) the middle reach above and below the
entrance of Hogum Creek, between BH and BB; and 3) the lower reach betweeri BB and
BC, just above the confluence with the Landers Fork (Figure 3 and Table 12).

The upper reach was measured 5 times, and the differences in discharge between
sites BA and BH were either slight or not detectable (Table 1, Figures 5a-h).. On 2
events (7/4/97 and 9/13/97), a 4-18% gain was detected; on one date (8/8/97), an 8% loss
was measured; and on 2 dates (7/20/97, 7/21/97) no net loss nor gain was measured.

The middle reach became more strongly losing over the course of the study
period, even though Hogum Creek enters the reach (Table 1, Figures 5a-h). The reach
did not have measureable gains and losses on 7/4/97 and 7/21/97, but did have a slight (4-
6%) gain on 7/20/97. This gain is possibly due to the addition of Hogum Creek, but
because it was not measured, it cannot be known for certain. On 8/8/97, 9/13/97, and

1 Note: The discharge measurements at LB and LC took place within a few hours of each
other so as to minimize the influence of possible diel variability in streamflow. The one
exception to this was on the 7/20/97-7/21/97 sampling event, on which LB was measured
in the evening of 7/20/97, and LC was measured in the morning of 7/21/97. However,
based on discharge and water depth measurements on both dates at other sites, flows in
the area were the same or lower on 7/21/97 than on the previous day. This indicated that
the increase in streamflow between LB and LC was at least as great as recorded.
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11/18/97, the reach was losing 5-33% of its flow between BH and BB. On 1/6/98, the
reach was losing more heavily; flow at BH was 20 ft3/s, but the river was throroughly
frozen at BB, indicating that all the flow was transferred to the subsurface in that stretch
of river. (On 3/8/98, flow at BH was similar to that measured on 1/6/98; it was 23 ft’/s,
but site BB was not visited on this date.) Hogum Creek’s discharge was measured only
twice, and both times its 1 ft3/s flow rate was relatively small (4-5%) compared to the
discharge on the Blackfoot River at site BH.

The lower reach, between BB and BC, was gaining on 5 of the 6 times it was
measured (Table 1, Figures 5a-h). On 7/20/97 and 7/21/97, BC gained 13-28% of its
flow from ground water downstream from BB; it gained 28-37% of its flow from ground
water on 8/7/97; and it gained 21-33% of its discharge from ground water on 9/13-14/97.
However, on 11/18/98, a net loss of 2-10 ft3/s was measured along the reach. On 1/6/98,
the reach appeared to be gaining again. Site BB was thoroughly frozen, based on visual
inspection and futile attempts of breaking through the ice to water, but site BC was
flowing in an open channel with no surface freezing, at 14 (+/-0) ft3/s. On 3/8/97, site BB
was not visited, and therefore, the reach could not be evaluated for gains and losses.

C. Confluence

Measurements of discharge below the confluence of the Landers Fork and the
Blackfoot River compared to the sum of streamflows above the confluence generally
showed some loss of surface water or no detectable gain nor loss (Tables 1 and12).
Except for on 7/3/97-7/4/97, when sites LD and BC were not yet established, this was
calculated by adding the streamflow at sites LD to site BC, and comparing it to the
streamflow at site BD, below the confluence. On 7/3/97 and 7/4/97, the addition of
streamflows at sites LC and BB were used to compare to site BD. There were net losses
at BD on the 7/3/97-7/4/97 and 8/7/97-8/8/97 sampling events. No detectable gains or
losses were measured below the confluence on 7/20/97 and 7/21/97, and on 9/13-14/97.

I1. Surface water mi

Concentrations of most dissolved constituents increased as discharge decreased in
the both the Landers Fork and the Blackfoot River sites through the summer and fall
sampling events (Appedicies A-C). However, in the 11/97, 1/98, and 3/98 samples, most
constituents broke from this trend, as concentrations dropped while discharge continued
to decrease .

Some elements did not follow this pattern at all sites. In the Landers Fork, As
concentrations varied with discharge in a different pattern from the other elements
(Apendix A-1.6, 2.6, 3.6, 4.6, 5.6). In the Blackfoot River, Cu, Fe, Mn, and Zn were
more highly concentrated during the higher flows than during the lower flows (Appendix
B-1, B-2, B-3, B-4). Dissolved oxygen and pH generally had no significant changes with
discharge (Appendicies Aand B: 1.1, 1.2,2.1,2.2,3.1,3.2,4.1,4.2,5.1,5.2).

Overall, the Blackfoot River had higher concentrations of organic carbon, SO42-,
Cu, Fe, K, Mn, Na, S, Si, and Sr; lower concentrations of inorganic carbon, Ba, and Ca,;
and similar concentrations of Mg, As, and Li in comparison to the Landers Fork
(Appendix C). The dissolved chemistry of the Blackfoot River and of the Landers Fork
surface water indicates the rivers are clean compared to many others and fall well within
water quality standards (Table 13).
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No field collected samples were found to have measurable (above PQL)
concentrations of Ag, Al, Be, Cd, Co, Mo, Ni, Pb, Ti, and V (Table 5). For the anions, no

detectable levels of Cl, NO3~-N, NO,~-N, and PO42- were found.

A. Landers Fork

1. Dissolved chemistry relative to discharge:

Most of the dissolved constituents exhibited an increase in concentration with
decrease in discharge (Appendix A). The temporal trends show negative and
approximately linear relationships between discharge and concentration for most of the
elements over the sampling period through 11/97. The January and March samples show
a break in this trend, with the concentrations of many of the elements (primarily Ba, Ca,
Mg, S, Si, Sr) decreasing with decreasing discharge (Appendix A). Although discharge
at the Landers Fork sites decreased by approximately 10-15 fold (and up to 332-fold at
LB), over the course of the sampling period, the corresponding dissolved concentrations
increased by no more than approximately 50% for all dissolved constituents measured
(Table 1, Appendicies A and C).

Arsenic exhibited a trend different from the others. At sites LC and LD it
decreased in concentration with decrease in discharge over the first three sampling events,
and then it reversed its trend and increased in concentration with decrease in discharge
(Appendix A-4.6,5.6). Atsites C, LA, and LB, As decreased with decreasing discharge,
and did not reverse its trend (Appendix A-1.6, 2.6, 3.6). However, it should be noted that
site LA was not measured in 11/97, 1/98, and 3/98, and site C was not measured in 11/97
and 3/98.

2. Dissolved chemistry relative to site locations:

Differences in dissolved concentrations between sites on specific dates were
generally small or insignificant, although the stretch between sites LB and LC did have
some significant increases in dissolved concentrations of many constituents (Table 14).
(Statistical significance is defined as having a p-value of <0.01 using a two-tailed t-test.)
On 7/20/97-7/21/97, dissolved inorganic carbon, Ba, Ca, K, Li, Mg, Si, and Sr were
significantly different between the sites; the concentrations were higher at LC. The same
pattern was found on 8/7/97, with the exception that differences in Ca were no longer
significant. On 9/13/97, dissolved sulfate, Ba, K, Li, Mg, S, and Si were significantly
different (higher) at LC than at LB, and on 11/16/97, dissolved As, Ba, K, Li, Si, and Sr
were different (higher at LC). On 1/6/98, dissolved As, Cr, S, and Si were significantly
higher at LC, and on 3/8/98, dissolved As, Ba, S, Si, and Sr were higher. There were no
significant differences in dissolved concentrations on 7/3/97.

For dissolved As, the differences between sites LB and LC became stronger with
decrease in discharge (Table 14). With decreased discharge, the reach became more
strongly controlled by ground water input, as shown by the discharge measurements, and
the ground water seep sampled at LC had a dissolved As concentration of 0.9 (+/- 1) pg/L
(Appendix C-4.5, 4.6). On the 7/97, 8/97, and 9/97 sampling dates, dissolved As
concentrations between LB and LC were not statistically different. However, on
11/16/97, the dissolved arsenic concentration was 0.3 (+/-0.1) pg/L at LB but changed to
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0.6 (+/-0.1) pg/L at LC, and on 1/6/98, LB still had 0.3 (+/-0.1) pg/L As, while LC
concentrations increased to 0.8 (+/-0.1) pg/L. On 3/8/98, the As concentration at LB
remained at 0.3 (+/-0.1) ug/L, but the concentration at LC rose to 1 pg/L.

3. Estimated ground water chemistry between sites LB and LC:

Differences in discharge and dissolved concentrations between LB and LC were
assumed to be controlled by ground water inputs, because no other surface water inputs
were found, and because the stretch of the Landers Fork between sites LB and LC gained
significant amounts of ground water on all sampling dates. An estimate of ground water
dissolved chemistry was back calculated from the chemistry and discharge data (Table
15). These calculations estimate the concentrations of dissolved constituents in the
ground water, assuming that they behaved conservatively as they moved across the
ground water- surface water boundary. Therefore, the calculations may underestimate the
ground water concentrations of those constituents which may have precipitated out or
otherwise reacted upon contact with surface water. Nevertheless, they are a useful
approximation of the dissolved chemistry in the ground water affecting the dissolved
chemistry in the surface water.

On 11/16/97, several locations of ground water seeps were found to be flowing
from the east bank of the Landers Fork into the surface water, approximately 100 meters
upstream of the Highway 200 bridge (site LC), (Figure 3). The water coming out of the
seeps was sampled on 11/16/98, 1/6/98, and 3/8/98.

The dissolved concentrations of constituents found in the samples were compared
to the back calculated ground water concentrations, and with one exception, no statistical
differences between them were found using a two tailed t-test with p-values <0.01 (Table
15). The one exception, Si, was slightly more highly concentrated in the seep samples
than predicted from the mixing equations. Because the calculated ground water
chemistry was generally not different from that found in the seep samples, the seep
samples are assumed to represent the chemistry of the ground water contributing to the
reach between sites LB and LC.

4. Dissolved loads:

Dissolved loads (in grams/day) decreased with decreases in discharge, despite the
increase in dissolved concentrations (Table 10, and Appendix D).

Differences in loads between sampling sites were found on each sampling date
(Table 10). The largest differences were found between LB and LC, although some
changes were found between the other sites as well, as described below. Significance
was determined using two tailed t-tests, with p-values <0.01.

a) Load changes between C and LA (combined) and LB:

On 7/3/97, when the stretch between C and LA (combined) and LB was gaining,
the largest differences in loads were found between the sites above and below the
confluence than on any other date (Table 10, and Appendix D). Dissolved inorganic
carbon, sulfate, K, Li, Mg, and Sr loads were all significantly higher at LB than at C and
LA combined. On 7/20/97, when the stretch had a constant discharge, only the K and Mn
loads were significantly different at LB. On 8/7/97, when a slight net gain was again
detected, dissolved inorganic carbon, K, Li, S, and Si loads were higher at LB. On
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9/13/97, when there was no relative discharge difference, only K and Li loads were
significantly higher at LB. Sites LA and C were not sampled on 11/16/97, and on 1/6/98
site LA was frozen. A comparison of C with LB on 1/6/98 shows that dissolved loads of
inorganic carbon, sulfate, As, Ba, Ca, Cr, Fe, K, Li, Mg, Na, S, Si, and Sr were all
significantly different, but this time they were all lower at LB. As noted in the discharge
results, it appeared that most or all of the water at LB was coming from ground water
inputs on this date, and that Copper Creek did not appear to be connected, possibly
explaining the difference in load chemistry. Neither site C nor site LA was sampled on
3/8/98.

b) Load changes between LB and LC:

Differences in load chemistry between sites were most common and significant
between sites LB and LC (Table 10, and Appendix D). In general, loads increased
significantly (p-value <0.01) between the sites on all dates for most or all constituents
measured. The largest exception to this was on 7/3/97, which is also when one of the
smallest relative increases in discharge was measured between the sites. On this date,
dissolved sulfate, As, Cr, Fe, K, Li, Mg, Na, S, and Si loads were not significantly
different between sites, although dissolved inorganic carbon, Ba, Ca, Mn and Sr loads
were. On 7/20/97-7/21/97, only dissolved As, Cr, Fe, and Na loads were not
significantly different, and on 9/13/97, all but the dissolved Na load was significantly
higher at LC. On 8/7/97, 11/16/97, and 1/6/98, the load increased significantly for all
constituents measured above detection: inorganic carbon, sulfate, As, Ba, Ca, Cr, Fe, K,
Li, Mg, Mn, Na, S, Si, and Sr. The same was true for 3/8/98, with the exception that Cr,
Fe, and Mn were below detection, and thus their loads were not quantifiable.

¢) Load changes between LC and LD:

' Between sites LC and LD, load differences were smaller than between sites LB
and LC. LD was not sampled on 7/3/97, but on 7/20/97-7/21/97, only the dissolved Li
and Mn loads were different between the sites (Table 10, and Appendix D). On 8/7/97
and 9/13/97-9/14/97 ,when the stretch was a net losing reach, dissolved inorganic carbon,
sulfate, Ba, Ca, K, Li, Mg, Mn, Si, and Sr loads were significantly lower at LD. On
11/16/97 and 1/6/98, there were no significant load changes between the sites. On 3/8/98,
disolved inorganic carbon, As, Ba, Ca, K, Li, Mg, Na, S, Si, and Sr loads were all
significantly lower at LD than at LC.

B. Blackfoot River

1. Dissolved chemistry relative to discharge:

A general pattern of increases in dissolved concentrations with decreases in
discharge was observed on the Blackfoot River sites for inorganic carbon, Ba, Ca, K, Li,
Mg, Na, Si, S, sulfate, and Sr (Appendix B). These constituents were found to increase
in concentration by no more than approximately 30% with the 4- to 7-fold decrease in
discharge measured over the period of sampling. (Table 1, Appendicies B-C) However,
for those sites sampled in 11/97, 1/98, and 3/98, a reversal in this trend was typically
observed, as concentrations dropped with the decreasing winter discharge (Appendix B-
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2,3,4, and Appendix C-8.5, 8.6, 8.7, 9.6, 10.5, 10.6, 10.7). This pattern is similar to that
seen for the same constituents in the Landers Fork.

Several dissolved constituents, namely As, Cu, Fe, Mn, and Zn, did not follow the
approximately negative linear correlation between discharge and concentration
(Appendix B-1.6,1.9, 1.10, 1.14, 1.19, 2.6, 2.9, 2.10, 2.14, 2.19, 3.6, 3.9, 3.10, 3.14,
3.19,4.6,4.9,4.10, 4.14, 4.19). These constituents generally decreased in concentration
with decrease in discharge. Arsenic decreased from approximately 0.4-0.5 pg/l1 during
the high flows to 0.2-0.3 pg/l during the lower flows. An exception to this occured with
the samples from 7/20/97, which were collected following a rainstorm. The
concentrations of these elements were at their highest measured, although it was the
second to highest streamflow measured. After 7/20/97, Cu, Fe, and Mn concentrations
decreased with decrease in discharge during the sampling period. Zinc concentrations
were not different on the 7/3/97-7/4/97 and 7/20/97 sampling dates, but its concentrations
generally decreased beyond those dates.

2. Dissolved chemistry relative to site location:

There were few statistically significant (p-values <0.01) differences between sites
BA and BH for most of the dissolved constituents on most of the dates (Table 16). There
were no statistically different concentrations except for As and Fe on 7/20/97 (when they
were higher at BH), and Mn in 8/97 and 9/97 (when it was lower at BH). Differences
between sites BH and BB, and between sites BB and BC were greater (Table 16).

Between BH and BB, above and below the confluence of Hogum Creek,
significant differences were detected in several of the constituents measured (Table 16).
Stastically significant increases in Sr were found on all but one of the sampling dates, and
this can be explained by the relatively high Sr concentrations found in Hogum Creek
(434-438 pg/L in 11/97 and 1/98, compared with 106-113 pg/L on the Blackfoot at
Hogum Creek Road on the same dates). Magnesium and S concentrations were
significantly lower at BB compared to BH on several sampling dates. Based on the two
sampling dates on which Hogum Creek was measured, both elements were lower in
concentration in Hogum Creek than on the Blackfoot River above Hogum Creek.

Concentrations at site BC were significantly lower compared to concentrations at
site BB for several elements (Table 16). On 7/20/97, this was the case for Mn; on 8/7/97-
8/8/97 for Fe; and on 9/13-14/97 for Fe and Mn (whose concentrations dropped by 50%
at BC). On 11/16/97, sulfate, Ca, Fe, K, Mg, Mn, S, and Si were significantly lower at
BC, and Sr was significantly higher.

On the 1/98 and 3/98 sampling dates, BB was not sampled because it was either
frozen or not visited. However, a comparison of concentrations between BH, above
Hogum Creek, and site BC on those dates again show decreases in Mn and increases in Sr
concentrations downstream (Table 16).

3. Dissolved loads relative to site location:
Changes in dissolved loads with site location generally were insignificant among
sites BA, BH, and BB, but significant between BB and BC (Table 11 and Appendix E).
Between sites BB and BC, most constituents were statistically different (p-
value<0.01) on all sampling dates. In general, the loads between the sites increased at BC
compared to BB on the 7/20/97, 8/7/97, and 9/13/97-9/14/97 sampling dates. Exceptions
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were Cu, Fe, Mn, and Zn loads, which were either not significantly different or decreased
between the sites. The loads of most constituents then decreased across the reach on
11/16/97. Because site BB was not sampled on 1/6/98 nor on 3/8/98, the specific stretch
between sites BB and BC could not be evaluated for load changes. However, the total
stretch between BH and BC had a decreasing load downstream on 1/6/98 of inorganic
carbon, sulfate, Fe, Li, Mg, Mn, S, and Si; and on 3/8/98 of Ca, Mg, and Mn.

Fork Blackfoot Rive
Samples taken several hundred meters below the confluence of the rivers were
generally found to be carrying dissolved loads whose variability overlapped with the
range of values found by the addition of loads at the Blackfoot River and Landers Fork
sites upstream of the confluence (Tables 10 and 11). For some elements (e.g. Ba and Ca,)
the sums of the dissolved loads at LD and BC were slightly (<10%) higher than their
values at BD, indicating some loss in the vicinity of the confluence.

1. Piez r urements

Piezometer measurements varied with surface water discharge (Tables 17.1 and
17.2). Commonly, surface water level changed more sharply than did piezometer heads.
In general, piezometers at sites located within reaches of river that were gaining ground
water, (as indicated by discharge measurements), showed closer relationships between
surface water elevations and piezometer heads than did piezometers within losing
reaches. The only piezometers showing positive hydraulic gradients toward the surface
water were the east bank piezometer at site LC and the south bank piezometer at site BB.
Piezometers at sites C, LA (upstream of bridge), LB, LC (west bank), BB (south bank),
and BD (south bank) had water levels <9 cm below the level of surface water.
Piezometers at LA (under bridge), LD (northwest bank), BH, BC, and BD (north bank)
had water levels that were 13-106 cm lower than the surface water level, showing
stronger negative hydraulic gradients. One piezometer at LD (southeast well), and both
piezometers at BA were dry on all sampling events, indicating that the potentiometric
head was at least 61 cm below the streambed surface near one piezometer at LD, and at
least 46 cm below the streambed surface at both piezometers at BA.

IV. Shallow hyporheic zon

At Site LB, only one of the two muli-level clusters was sampled, and this was
done on 11/18/97. The sampled cluster, located closer to the southern bank of the river,
drew water from approximately 10, 20, 40, and 85 cm of depth beneath the stream bed.
In comparison with surface water chemistry taken from samples collected 2 days prior,
there was no difference between surface water and hyporheic zone water chemistry at 10,
20, and 40 cm (Appendix C-3.5, 3.8). However, the sample drawn from 85 cm depth did
appear to be slighlty different. During installation of the multi-level sampling cluster, it
was noted that the sediment at this depth was very fine grained, in contrast to the very
coarse grained nature of the overlying sediments. Inorganic carbon, sulfate, Ba, Ca, Cr,
Fe, K, Li, Mg, Mn, Si, and Sr were all slightly higher at the 85 cm depth sample
compared to the others and to the surface water (Appendix C-3.5, 3.8). Most different
was Mn, whose concentration jumped from <0.3 pg/l in the surface water and in the 3
higher hyporheic zone samples, to 35.5 (+/-2.1) pg/l at the 85 cm depth sample.
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At Site LC, sampled on 10/19/97, the two hyporheic zone sampling clusters
showed no changes in water chemistry with depth (Appendix C-4.13, 4.14). The first
cluster was used to sample from approximately 5, 15, 35, 55, and 82 cm, and the second
was used to sample from approximately 10, 20, 40, 60, and 80 cm. However,
concentrations of Ba, Ca, K, Li, Mg, and Sr were higher in the hyporheic zone samples
as a group than their concentrations in the surface water (Appendix C-4.5, 4.13, 4.14).
The concentrations of these elements in the 5 hyporheic zone water samples were
significantly lower than in the 3 surface water samples at a p-value of <0.01 in each
cluster (p-values calculated using two sample t-tests.)

At Blackfoot Site B, both hyporheic zone sampling clusters were sampled on
10/25/97. One cluster, with well openings at approximately 10, 20, 40, 60 and 74 cm
beneath the stream bed, showed that dissolved organic carbon, Cr, and Cu concentrations
increased and that Fe and Mn decreased with depth (Appendix C-9.7). Barium increased
at 10, 20, 40, and 60 cm compared to the surface water and then decreased at 74 cm
(Appendix C-9.5, 9.7). The second hyporheic cluster at BB drew water from
approximately 10, 20, 35, 55, and 85 cm beneath the stream bed. The surface water
chemistry was not different from the chemistry measured at 10, 20, 35, and 55 cm, with
the exception of SO42-, Ba, Ca, Mg, and Sr, which were slightly higher in the hyporheic

zone (different at a p-value of <0.005, using a two tailed t-test), (Appendix C-9.5, 9.8).
The drop in Fe and Mn and the increase in Cu concentrations with depth found at the first
hyporheic cluster at BB was found in the second as well. The sample drawn from 85 cm
was found to contain higher sulfate, Cu, Na, and S concentrations, but lower Ba, Fe, Li,
Mn, and Si concentrations than the other hyporheic zone samples.

At site BC, only one hyporheic zone cluster, with openings at approximately 10,
30 and 74 cm depths, was sampled. The hyporheic zone chemistry was no different from
the surface water, with the possible exception of Mn and Na at the 74 cm level (Appendix
C-10.4, 10.8). Mn fell below the PQL of 0.3 pg/l, although it was found to be at 0.8 (+/-
0.1) pg/l in the surface water,and at 10 and 30 cm. The Na concentration at 74 cm was
5.48 (+/-0.29) mg/l, compared to 2.77 (+/-0.21) in the surface water and other hyporheic
zone samples.

V. Snow samples

The two snow samples were found to have below PQL levels of all constituents
measured, with the exceptions of 0.2 mg/l Mg, 0.23 and 0.40 mg/l Na, and 0.02 and 0.03
mg/l S, making them comparable to the field blanks (Table 18).

DISCUSSION
1. Discharge

Streamflow measurements indicate that the measured reaches on both the Landers
Fork and Blackfoot River have dynamic relationships with their adjacent ground water
systems. During the higher summer flows, ground water contributions were measureable
on many reaches, indicating that spring runoff not only brought more surface flow, but
rose the water levels in the adjacent ground water systems as well. Later in the year as
discharge decreased, several of the reaches made transitions to losing, indicating that lack
of snowmelt and limited precipitation also affected water levels in the valley aquifer.
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This was futher evidenced by the dropping water levels in the in-stream piezometers.
However, streamflow at LC was typically a constant 20-30 ft3/s higher than at site LB,
indicating that there the connection between the stream and the adjacent ground water
system remained relatively constant over the range of surface flows sampled in the study
period. The contribution of warmer ground water to the surface water appeared to be also
responsible for keeping the surface water flowing in the winter by increasing the
temperature of the water, especially along the LB to LC stretch on the Landers Fork and
along the BB to BC stretch on the Blackfoot River.

2. Surface water geochemistry: dissolved concentrations

The generally negative, linear relationship between discharge and dissolved
concentrations seen in the Landers Fork and Blackfoot River in the summer and fall
(except for As, Cu, Fe, Mn, and Zn) is to be expected in streams whose spring high flow
is largely a product of snowmelt. High flows in the spring and summer are thought to
control dilution of the surface waters, whereas during low flows, ground water inputs
become more significant and contribute water more highly concentrated with dissolved
metals. This scenario is clearly seen at site LC, where concentrations of most
constituents were lowest during the highest discharge, and steadily increased with the
decreasing streamflow. The site gained ground water on all dates, as evidenced by the
increased streamflow compared to site LB upstream, the ground water seeps found in the
winter months, the shallow hyporheic zone water being stastically different from the
surface water, and the positive hydraulic gradient found in one of the site’s shallow
piezometers. This contribution by the ground water, which was found from the seep
samples and mixing equations to generally be more highly concentrated in the measured
constituents than the surface water, can explain the concentration-discharge relationships.

However, the increasing proportion of baseflow in the stream channel was not the
only control on the geochemistry during lower flows. This is seen on 11/97, 1/98 and
3/98 sampling dates, when the concentrations began to fall for most constituents in both
the Landers Fork and the Blackfoot River, although streamflow still was decreasing. This
might be an indication that winter snowmelt was having a significant dilution effect on
the stream chemistry even before spring runoff started with its higher flows. The two
snow samples showed that the snow contained no elements at levels different from field
blanks, indicating its potential to be a diluting agent. Thus, it is possible that during the
winter sampling events, there was enough ground water influx to keep many portions of
the streams flowing, while a limited amount of snowmelt kept concentrations in the
channels low.

The behavior of As, Cu, Fe, Mn, and Zn on the Blackfoot River does not follow
the general discharge-concentration relationship, likely due to effects of upstream defunct
mining operations. Approximately 25 kilometers upstream of the study area at the
headwaters of the Blackfoot River, there are a series of retention ponds, tailings piles, and
former mine adits from the Mike Horse and other mine operations, which extracted Ag,
Au, Pb, Zn, and Cu from sulfide ore deposits until 1953 (McCulley, Fick, and Gilman,
1994; Moore et al, 1991.) The remains of the old mining operation, which has been
undergoing reclamation in the last several years, are the possible sources for the increased
loading of metals to the river during the higher flows. It is possible that increased surface
runoff or higher ground water in contact with the waste rock, and/or overflowing
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retention ponds were mobilizing the elements into the river headwaters, accounting for
the increased concentrations in the stream at the study sites. Production of acid mine
drainage in the old mine area may have also contributed to the drop of approximately 0.5
pH units on the Blackfoot on 7/20/97 (Appendix B-1.1,2.1,3.1,4.1), which corresponded
with some of the highest concentrations of As, Fe, Cu, and Mn measured in the river
during this study. Other studies have also reported metals behaving differently from the
standard dilution-controlled, discharge-concentration relationships in streams, citing soil,
rock, and anthropogenic weathering processes as potential causes for the variability
(Edwards, 1973; Walling and Foster, 1975; Sanden et al., 1997).

Differences in dissolved chemistry from site to site on specific sampling dates can
be explained by ground water contributions and/or in-stream chemical processes. For
example, ground water contributions can explain the increase in both discharge and
concentrations on the Landers Fork stretch between LB and LC. However, on the
Blackfoot Rivers stretch between BB and BC, decreases in Fe, Mn, and Zn concentrations
can be attributed to dilution by cleaner ground water and by precipitation reactions as the
water moves further away from the contaminant sources upstream. Some dilution by
ground water was likely occurring, because many generally conservative elements (e.g.
Ca, Mg) dropped in concentration along the reach as well . Decreases in Cu, Fe, Mn, and
Zn could be expected because with the neutral pH and high dissolved oxygen values in
the rivers at the time, the metals likely would be more stable in their solid forms and may
have precipitated out as iron oxyhydroxide complexes as they were transported
downstream (Filipek et al., 1987; Davis, 1991; Smith et al., 1992).

3. Loads

Load calculations demonstrate that during higher flows, the load of metals
transported in the dissolved phase is greater than during lower flows. Because
concentrations of most constituents were typically lowest during the highest flows, the
load trends demonstrate that discharge is a stronger control than dissolved concentrations
on determining the metal loading in the streams.

As the Landers Fork passed by the McDonald ore body, the loads of several
constituents (particularly As) increased significantly, suggesting that the ore body was
having an effect on the surface water chemistry. Despite the increased concentrations
between sites LB and LC, however, the concentrations of metals and As at site LC were
still relatively low compared to water quality standards. This suggests that the
undeveloped ore body is not adversely affecting the quality of the adjacent surface water,
which is fed by ground water moving from the area where the mineralized zone is
located.

4. Hyporheic zone water:

The results of the hyporheic zone water sample analyses suggest that the shallow
area beneath the streambed is in general very similar to that of the surface water. At
some sites, however, differences between hyporheic zone water and surface water were
significant, indicating that ground water was moving up into the stream in these zones, or
that surface water was reacting with hyporheic zone sediments.

19



SUMMARY AND CONCLUSIONS

The Landers Fork and the Blackfoot River were found to have dynamic
relationships with their adjacent ground water systems, with gaining and losing reaches
changing over the course of the sampling period. Several reaches which were gaining or
exhibiting no change in discharge during the earlier part of the study period (when
discharge was highest) were later found to change to losing reaches during lower flows.
The stretch between sites LB and LC was gaining on all sampling dates, and it became
dominated by ground water input on the November, January, and March sampling dates.
The stretches above LB and below LC went from either gaining to having no change in
discharge during the higher flows to losing reaches during the lower flows. The upper
Blackfoot stretches (between BA, BH, and BB) were typically losing reaches, although
the stretch between BB and BC was found to be gaining on most of the sampling dates.

The dissolved chemistry of the Landers Fork and Blackfoot River were different
for many of the constituents measured. Comparisons of dissolved concentrations show
that the Blackfoot generally had higher concentrations of organic carbon, sulfate, Cu, Fe,
K, Mn, Na, S, Si, Sr, and Zn, lower concentrations of inorganic carbon, Ba, Ca, and
similar concentrations of Mg, As, Cr, Li than the Landers Fork. Discharge at the Landers
Fork sites decreased by approximately 10-15 fold (and by 332-fold at LB), and discharge
in the Blackfoot decreased by approximately 4-7 fold over the course of the sampling
period, but dissolved concentrations increased by no more than 50% for the dissolved
constituents measured in both rivers.

Dissolved loads generally decreased with decrease in discharge, while dissolved
concentrations generally increased with decrease in discharge. Changes in discharge
appeared to have a stronger control on the loads than did changes in dissolved
concentrations. Discharge and dissolved concentration had negative, approximately
linear relationships for many of the constituents measured on both rivers in the summer
and fall months. Exceptions to this trend are As, Cu, Fe, Mn, and Zn on the Blackfoot
River, where their concentrations were highest during the larger flows. It is hypothesized
that releases from the former Mike Horse mine site were the source for the increased
loading of metals into the river during the higher flows. During the winter months,
concentrations decreased with decreasing discharge for most constituents, possibly due to
dilution by snowmelt.

Dissolved As concentrations in the Landers Fork were affected by ground water
input. As the reach between sites LB and LC became strongly supplied by ground water
in the fall and winter, As concentrations increased, possibly suggesting a geochemical
signal and hydrologic connection between the Landers Fork and the adjacent As-rich
McDonald ore body.

Piezometers open at approximately 0.5-1.0 meter beneath the stream bed provided
site specific information on whether there were upward or downward gradients between
the surface water and below the stream bed. Head was typically several centimeters
below the surface water level at many of the sites, although it was found to be higher at
one piezometer at LC on most of the sampling dates and once at a piezometer at BB.

The dissolved chemistry of several shallow hyporheic zone profiles at LB, LC,
BB and BC was measured as well. At LB, the hyporheic profile sampled had slightly
higher dissolved inorganic carbon, sulfate, Ba, Ca, Cr, Fe, K, Li, Mg, Mn, Si, and Sr at
the 85 cm depth. At LC, there were no changes in chemistry with depth, although the
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hyporheic zone samples as a group differed from the surface water chemistry at a p-value
of <0.01. At BB, Fe and Mn were found to increase and Cu concentrations were found to
decrease with depth in the two hyporheic samplers. At BC, only one sampler with three
depths was measured, and little change was found, with the exception of a decrease in Mn
and increase in Na in the lowest depth (74 cm). Differences between hyporheic and
surface water chemistry indicate physical and/or chemical interactions with the hyporheic
zone sediments and/or adjacent groundwater system.

A WLEDGEMENTS

We would like to thank Dr. James Gannon and Dr. William Woessner for helpful
suggestions and comments throughout the project. Thoughtful reviews by Katie Walton-
Day, Bill Miller, and David Nimick greatly improved the manuscript.

21



REFERENCES

Axtmann, E.V., D.J. Cain, and S.N. Luoma, Distribution of trace metals in fine-grained
bed sediments and benthic insects in the Clark Fork River, Montana, U.S.A. Appl.
Geochem. 6, p. 75-88, 1990.

Beniot, G., Clean technique measurement of Pb, Ag, and Cd in freshwater: a redefinition
of metal pollution. Environ. Sci. and Tech. 28 (11): 1987-1991, 1994.

Davis, A., R.L. Olsen, and D.R. Walker, Distribution of metals between water and

entrained sediment in streams impacted by acid mine discharge, Clear Creek,
Colorado, U.S.A., Appl. Geochem. 6:333-348, 1991

Edwards, A.M.C., The variation of dissolved constituents with discharge in some
Norfolk rivers. J Hydrol 18:219-242, 1973.

Essig, D.A., and Moore, J.N., Clark Fork damage assessment: Bed sediment sampling
and chemical analysis report. Prepared for Natural Resources Damage
Program, DHES, State of Montana, Prepared by the University of Montana, 1992.

EPA, Drinking water regulations, health advisories, and secondary contaminant levels.
Office of Water, US Environmetal Protection Agency. EPA-822-B-002, 1996.

Filipek, L.H., Nordstrom D.K., and Ficklin W.H., Interaction of acid mine drainage with
waters and sediments of West Squaw Creek in the West Shasta Mining District,
California. Environ. Sci. and Tech. 21: 388-396, 1987.

Franson, M.A.H., managing ed., American Public Health Association, American Water
Works Association, and Water Pollution Control Federation, Standard methods
for the examination of water and wastewater, a) Organic carbon (total),
combustion-infrared method, p. 507-511, b) Determination of arsenic and
selenium by conversion to their hydrides by soduim borohydride reagent and
aspiration into an Atomic Absoption Atomizer; p. 165-171, 1985.

Martin, T.D., C.A. Brockhoff, J.T. Creed, Determination of metals and trace metals in
water by Ultrasonic Nebulization Inductively Coupled Plasma-Atomic Emission
Spectrometry (200.15). Environmental Monitoring Systems Laboratory, Office of
Research and Development. US Environmental Protection Agency, 1994.

McCulley, Frick, and Gilman, Inc., Report of 1993 surface water monitoring programs
including geotechnical sampling, mapping, survey, and data, Upper Blackfoot
Mining Complex. Report prepared for ASARCO, Inc., Wallace, ID and ARCO,
Anaconda, MT, 1994.

22



Mickey, J.W., Determination of Trace Concentrations for arsenic by hydride generation
on the Atomic Adsorption Spectrometer. University of Montana Murdock
Environmental Biogeochemistry Laboratory. 1997

Montana DEQ, Montana Numeric Water Quality Standards. Montana Department of
Environmental Quality. Circular WQB-7, 1998.

Moore, J.N., Luoma, S.N., and Peters, D., Downstream effects of mine effluent on an
intermontane riparian system, Can. J. of Fish. and Aquat. Sci., v. 48, n.2, p. 222-
232, 1991.

Pierce, C.H. Investigations of methods and equipment used in stream gauging, Part 1.
Performance of current meters in water of shallow depth. U.S. Geological Survey
Water Supply Paper 868-A, prepared in collaboration with the Hydraulic
Laboratory Committee of the Geological Survey, 1941.

Pfaff, John D. Determination of inorganic anions by Ion Chromatography (300.0). EPA
Methods for the Determination of Inorganic Substances in Environmental
Samples. EPA/600/R-93/100, p.

Rantz, S.E., and others. Measurement and computation of streamflow: volume 1.
Measurement of stage and discharge. U.S. Geological Survey Water-Supply
Paper 2175, p. 138, 1982.

Sanden, P., Karlsson, S., Duker, A., Ledin, A, and L. Lundman, Variations in
hydrochemistry, trace metal concentration and transport during a rain storm event
in a small catchment. J. Geochem. Explor. 58: 145-155, 1997.

Smith, K.S., W.H. Ficklin, G.S. Plumless, and A.L. Meier, Metal and arsenic
partitioning between water and suspended sediment at mine-drainage sites in
diverse geologic settings. In Water-Rock Interaction, edited by Y.K. Kharaka and
A.S. Maest, Proceedings of the SEventh International Symposium on Water-Rock
Interaction-WRI-7, Park City, UT, July 13-18, 1992: Rotterdam, A.A. Balkema,
p. 443-447, 1992.

Struempler, A.W., Adsorption characteristics of soliver, lead, cadmium, zinc, and nickel
on borosilicate glass, polyethylene, and polypropylene container surfaces.
Anal. Chem., 45 (13): 2251-2254, 1973.

Taylor, H.E., and A .M. Shiller, Mississippi River methods comparison study:
Implications for water quality monitoring of dissolved trace elements. Environ.
Sci. and Tech., 29(5): 1313-1317, 1995.

Walling, D.E., and I.D.L. Foster, Variations in the natural chemical concentration of
river water during flood flows, and the lag effect: some further comments. J.
Hydrol. 26: 237-244, 1975.

23



Windom, H.L., Byrd, J.T., Smith, G., and F. Huan, Inadequacy of NASQAN Data for
assessing metal trends in the nation's rivers. Environ. Sci. and Tech.
25(6): 1137-1142, 1991.

24



$ McDONALD
GOLD
2 0 2 4 PROJECT
e e T e

Approx. Scale in Miles

Helen 2
LINCOLN

Yt coLo pRovECT

MONTANA

PROJECT AND PROPERTY
LOCATION MAP

McDonald Gold Project

Figure 1. McDonald Gold Project location map (McDonald Alternative
Development Report,1997).
25









S

ar o1 a1 9 WV

(V74

-~ 09

- 08

- 0C1

L6/L/8 uo
)0 sIapue] 9y ul 931eyosi(]
op aan31]

A IS
ar o1 ai J VI air o1 a1 2 Vi
| | 1 1 | 0s ] 1 1 | 1 001
, £) B [
e I
M :
n 1 2 - OS1
ﬁ g @ ﬂ
- 001 2 |
m . o0z
[ [ o5z
- 0s1 !
i [ o0
i !
o I
u i -
o 00z o !
| L 0s€
e u d
B 8 . [
| o - 0o
0sT !
L6ITZIL-L6I0ZL UO T6IL-Lo/EIL 10
lo] stapue oY) ul a81eyosiq Y10 slopueT] oy} ul a3Ieyosi(]

qp 231y

ep a3

[s30] 9d1eyosi(g

28



g
a1l 21 g1 2 VI
1 . 1 | L i 0
~ |
m L
u L
g
o] — ¢
n b
L o1
.ﬁ. L
-Gl
.ﬂ. L
oz
l
[ - |
ﬁ
gGo/Tuo %
310§ s1opue] oy} ul o31eyosi(]
Iy 23y

RZIN
ar 21 g1 2 Vi
1 1 1 1 |

) )
s 2
[¢] [¢]
e &

o

a

rTyrrJ]vyyry|rryvrery vy e e e T

L6/91/11 uo
310, siopue] oY) ul 931eyosiq
ap aandiy

(=)

g}

=

pt

o
o~

'e]
(g}

j=)
o

el
o

g

S
ar o1 a1

—O

A

0L

L6/V1/6-L6/€1/6 UO
Y10, siopue-] ay) Ul a31eyosi(]

Py 2andiy

[sJo] @31eyosi(]

29



RN

atl o1 g1 J Vi
1 1 1 ] 1 0
o CHC
2 g
=g (o)
s 2
(¢}
= .
o - S
=3
=3
e
3
o
@
£ o1 ©
o w
._. & s
o
03
o ¢}
| 2
-1 &
._‘ ~ 0T
H
(4

86/8/¢ uo
%10 siapue ay; ul 931eyosi(]
8p aan3iy

30



E2AN WS NS
o8 g9 HE v o8 88 HE vd o8 g9 HE v
1 | i [l 00 1 | L 1 oL 1 | | : | 08
A [ £) [
T A a
a [ a ° La | 3 ﬁ ¢8
o - N o 0y
- §9 g [ m [
o s - e 5
. g | a o [ o8 [ 06
- 0L [ o |
[ - S8 - S6
! [ a |
~SL - 06 ] - 001
! i o [
! [ a [
[ 56 - SO0l
— 08 [ [
i o - oo1 L o1
i [ a i
. i
- S8 [ [
L L. GO1 =211
o s - I
I o s [
I [ i
06 o11 0zl
L6/1T/L uo L6/0T/L uo L6/YIL-L6/E/L U0
I9ATY J00pp08|g oY) Ul 931eyOSI(] 1241y J00p3j0R[g 2Y) Ul 23Jeydsi JoATy JoopoR[g 2y Ul a3Jeydsi
dg aandiy qs 31y 8S 2.m31y

[sJo] aB1eyosig

31



SUN
Jd2 89 OH HE vd
1 1 1 . 1 0
e )
e
3
2 .
m - ¢
&
— Ol

—S1

— 0T

—~S<

L6/8T/11 °L6/9T/11 U0
JoATY 100108 2y} uo adreyosig

Js am3iy

ot

IS AIS
od ad Hd vd Jd a4 He4 vd
i i 1 1 Sl 1 1 1 1 0¢
I a 1
- 0T =33
b u -
u L -
(u] o [« ] 9
L ¢Z — Ob
o u b
o ¢} !
o 3 3
o - -
- 0€ - S
u - b
o o -
-se | @ - 05
| u d
ﬁ ”
o 99
L6/Y1/6-L6/€1/6 UO L6/8/8-L6/L/8 UO
JOATY 100oR[g Y] U0 381BYOSI(] 13ATY 100dR[g 3} UO 33 Ieydsi(]
ag aan31y ps aan3yy

[s30] @81eyosiq

32



AS
J29 83 JOH H3 vdg
1 1 I 1 1 )i
g g g
5 B 3
[ m
o [¢]
.n__, e e L
07
M
.— [ g2
0€

86/8/¢€ uo
JoATY JoORjOR|g 9y} uo aZreyosi

ys am3yy

ans

24 839 DOH HE Vvd
| | 1 [ | 0
z ° =
o o
3 3
2 @
<)
g |s
g
- 01
]
<1
f 0z
T
86/9/1 uo
JSATY 100joR]g 9y} uo AZIeyYdsi(]
8g aan81g

[sJo] a81eyosi(q

33



¥S ¥ €9 $9.59 $9.59 (3N)] yapm sanry
92 ‘62 0z 8l ‘v2 €212 61| suoness josaquinN
12ite 61 2292 8282 L'€| Ayooren veaw
(NN) (WN) (WN) 18 '8 (WN) 1St 10 ‘662 S2E '6lE vEY| siwawanseaw D
(.08.) @ 1Al 1003288
vE 9f 9g S EEGEE 6€ '6€ ‘6€ vy ¥ 2k 2y 2¥ YIpimM JaATY
6 €1t SLEL 0Z /191 (2 28 €151 €11 suonels Jo 1aquinN
80 L0°L0 2000 oLttt Pt 2181 (dN) Aud0jaA vea
St plivL St 62 ‘€€ ‘62 (NN) 0§ ‘2§ 2828 201 ‘001 (WN)] sivawaunseaw b
(.28.) D 49A1y J00))0Eg
9¢ €5 €S ov ‘'ov 0f 0¥ 9§ ‘9§ (uN)] Wapim 1Ay
61 0221 €1l 2l 2l €222 02 ‘02| suoneis jo raquiny
90 6001 80 '6'0 €1t €LEtL 21t | Auoojen veaw
(N) (uazoy) 12 22'€2 (WN) £€ '9¢ 99 ‘€9 616 001 '201] swewainseaw D
(.88.) 8 13y 1004089
[¥3 8l €2 0t ‘Ot 8t '8E SSESSE 6V 6V ‘6¥ (uN)| qapm Janry
1 6 ot LLIEY €1 €L 2Lt 212102 21 21| suonels jo sequiny
9t 60 02 S'0'S'0 8020 Lot 60'60°0°t vl 2 1| Audoen uea
€2 [}4 92 LE ‘€€ (WN) 8€ '8¢ 89 '¥9 YRy LLL ‘€0 L] Sivewainseaw D
(LHg.) H 13Aly 100410819
SYSw SESE Hapim J8ny
9'9 S'S SUONIRIS JO JaquINN
90'80 21020 Ayoogan veaw
(uazoyy) S} [} (WNN) (NN) (WN) (WN) (WN) (WN)| siwswanseaw D
(,OH.) %3339 wnBoy
STIESLE €€ S'PE'SVE CINY| dip Jaary
[ R4} 4! vl 8l 21 '¢\] suoness jo sequnN
8°0'8°0 9%l S'LpL 81 '8 1| Audora veaw
(WN) (WN) (WN) 1282 (WN) 29 08 'v2 ¥6 ‘66| sivawanseaw D
(.vE8.) ¥ J9And 100j300g
€2 22 62 LE-LE X313 8F 8% 8F YIpm Janly
8 ot 1 2191 stst St 6l :22 suanels Jo saquinN
l v 2€L FARIAY 12z 62 (¥N) '8°2 Apdoran veaw
£l [14 0t 6% '¥S (WN) 2ili9tl 822 0£2 '922 (WN)| siwawamsesw
(.07.) Q Y04 spur]
3 ¥E ‘€€ vy 323 13 8y 8% 05 05 ‘05 €5 €S| YIpm Jany
1 vlEL 9181 9l ‘9l 9t 61°'02 6l ‘€28l 81 ‘81| suoneis jo saquiny
90 9'0'9°0 90 '9°0 6060 10t vl'sL £2'92'92 2'€ 'WE| AUd0meA ueay
22 92 '92 €€ '9€ 89 %9 2 821 ‘€€l 122 '§22 222 €L€ '86€| Sjwawainsedw O
(.91.) 2 M0 s,43pue)
61l 12712 §2'se (s°576)+{2¢e "2¢€) SE €2 (T O+HeTe)+(8¢€ 8¢) (WN) S ¥ (SE'SE) +{Sv 'sy) 1S (uew) | {(opis)+{ew)] qipia Jarig
L 6:LL SLipt (5'5)+(sLS1) SL'EL (8 '8)+(8 '8)+(p191) (WN) 'St (2121 +(sLsL) 9102 (wew)| ((apis)+(wew)) suones jo ‘oN
20 9010 6°0:'8°0| (5°0'8°0)+(6'0'6°0) 05’1 ‘202| (S0'90)+(¥'L € 1)+6L'8'L) (WN) 22| (S'Lis'L)+(22:22) 62'L'E (wew)] ((apis) + (wew)) Ays01aa veaw
l S'9 F{ (L ')+(2€ '8€) 05 2¥ (5 '9)+(s ') +(16 '98) (WN) +21L] (v2'89) +(p2L'221)| (86) +(922 ‘€12)| (souueyd (opys)+(wew)) seaw D
(6€ 01 8€ =D "104) (201 01§56 =D 104)| (AQuo jauueyd wew)} (864 01 161 =D 104) (ZEE 03 £0E =D 101) (.81.) 8 Mo4 ssepue
0€ ‘0€ 2€ € 0v 0v SEV 'S Eb| YIpMm Janty
91l '9t €L vt siisi 22 ‘22| suonels Jo saquinN
[N 811 £2'€2 €2] Audoran veaw
(uazoyy) (uazoy)) (WN) 919t (WN) OF ‘8¢ (WN) S8 'v8 9Lt ‘bt swawanseaw
(.¥1.) V 3404 s, 40pue)
KD S°62 'S 62 €€ €€ SE ¥E ¥E 'PE 1€ 2€| (399)) qipm sany
601 vl 2% (4N) plipt iyl L1 ‘L] suonels jo sequiny
I RN et 818t se 92§22 9'¢| (29s 1) Aydoran vean
(uazoy) 9t ‘vl (NN) €2'62 (NN) 1S ‘2§ 66 €11 801 211 191 €9 1| Svewainseau b
(.2.) %234 saddo)
86/8/¢ 86/9/1] l6/81/11 l6/vi/6|  l6/9/6 16/8/8 16712/ 16/02/4 16/¥/1 31
-16/91/11L -16/£1/6 -06/1/8 -16/8/L
93 ep Buyduies

UALIINSERW D YUM uayel 10U jdwes soyey uf
PapPI0o@) 10N =YN -PNSEILL JON=AN.

34



86/€2/9 86/S1/9 (pazk[eue JON) 86/81/€ (pazAjeue JoN) 86/8/€

86/t1/1 86/T1/1 8G/L1/T '86/91/1 86/LI1 86/8/1 86/9/1
L6/ITETL L6/0ETT 86/L1/T '86/91/1 L6021 1 L6I0Z/T1 L6MBLILT
Loertl LBIOER] 86/L1/1 '86/91!1 LOILTITT 17101 oI
LGOEOT L6/1g/01 LOIGTION-L6/BTI01 L6ILTIOL L6/92101 173 y40)
LO/ET/OR L6/1E01 L66Z/01-L6/8T:01 L6/0T/01 L6001 L6:6101
L6/ETIOL L6ITEI01 L6/ETI6 L6M91/6°L6/S16 L6/91/6°L6/5116 LOEFTI6 "LOIELI6
LOIST/8-L6/EL/S Loir 118 (paz{jeur 10N) L6/E1.8 LHi6'8 L6/RRL6.LIR
L6S1/8-L6/El!8 LGOI6TIL LOILEIL "L6ISTiL LeITTiL L6TTIL LOITTIL "L6OTIL
LS 18 L6/ELIS LOI6TIL LOIEIL "LIST'L L6I6IL L6/9!L LEFIL 'L6ICIL
aep sisA[euy aep sisAjeuy AEP sISAJRUY NeEp sishjeuy Jep sisijeuy e
SVV 4q dwassy uoqre)) owedi uogJe, ) auediouy Aydesdorewony) uoj Jdweg

Sqd VoI

saiep sisAjeue a|dwes :p s|qe

(8 21qV [ 235) STJV DI 31 1o uns s1vd 21p1dnp ua20q2q 22u313fJip 14331od ubaul 3y) U0 Pasvq St 10447 4

Uz A LL '4d IN OW

1) '00) 'pD ag sV |V '3y :sajdwies ||k J0j UOHDIMAP MOJaq a1am SlUAWR|a 3uImo]j0) A |,

£ Lro €1 €10 70 sT0 900 200 € 10 80 8 snuiw 10 sn|d oL
[5] L9's SR {4 0T L'E 40 €%l oLo 144 80 €T 161 snoy 091
(%] ILs 91z 66'1 (44 601 861 €0 x4 80 [ &44 61 S0y 69
2] SL'S 612 6T It 01 'l L0 [£% 80 | 444 61 sinoy I
I8 LS sz 86'1 (24 9T 01 [y 1L0 6T 60 612 61 smoy 7t
8 [ [ ¥4 961 [%3 1701 61 Lo [43 60 sTT 61 sinoy g
1S IS S BN U W 1 .| EX] no [fe) [T3] [T E D ED]
‘U003 Jayk 2w,

86/0Z/L U0 PA13][03 'b-HE ‘aweu ajdwieg

uonen|1y 0) joid sajnoq ajdwies ul spolsad AWl SNOLBA JAA0 SUONERAUAINIOD paajossip ul safueyd unsay juswisadxa jo sinsay ¢ 9[qe ],

(Z'1-L°0 98uel adojs
ajqeidaooe payodal)

SOQ= Adps
160= ueaw]

sado[s uoneiqies

6001
€66
00
1001
€S

piepuRs (00l

60°L
969
00
e
[39

piepuels 00’

Juipeas wNWIXe
Suipeas wnwiu

UONBIAX(] PIRPUBIS
Auipeas ueapy

$Y9aYd
piepUE]S JO JaquInu [BIO],

RPPWw-Odq

$Y20U> pPIBPUBIS UONRIGIED JajeWl 1A AJBwiung

suojelqifes 1315w UaBAX0 paAjossip pue jelew Hd 2 3|qeL

35



Table 5

Practical Quantification

Limits (POLS)
Analyte PQL
Inorganic carbon |1 mg/L
Organic carbon |1 mg/L

F 0.05 mg/L
Ci 2 mg/L
Nitrate-N 0.2 mg/L
Nitrite-N 0.02 mg/L
Phosphate-P 0.2 mg/L
Sulfate 1.00 mg/L
As 0.2 yg/L
Ag 1 pg/L

Al 5 ug/L

Ba 1 ug/L

Be 0.05 ug/L
Ca 0.01 mg/L
Cd 0.5 pg/L
Co 0.5 pg/L
Cr 1 ug/L

Cu 0.3 yg/L
Fe 5 ug/L

K 0.10 mg/L
Li 0.5 pg/L
Mg 0.01 mg/L
Mn 0.3 yg/L
Mo 1 ug/L

Na 0.15 mg/L
Ni 2 ug/L

Pb 6 ug/L

S 0.01 mg/L
Si 0.02 mg/L
Sr 2 ug/L

Ti 2 ug/L

Vv 2 ug/L

Zn 0.2 ugA

36



Quality Assurance/ Quality control evaluation:

External and Internal Standards Measurements

Table 6.1

Summary: External standards measured on AAS
Concentrations in u g/L.

Reported Measured values or Measured values
Standard value (Range)* mean (std. dev.) within Report. Range?
USGS T-107 (n=1) 10.8 (4.2) 9.4 Yes
USGS T-119 (n=3) 4.2 (0.57) 4.0 (0.5) Yes
USGS T-121 (n=2) 8 (2.2) 8.0, 8.0 Yes
USGS T-143 (n=2) 15.2 (2.4) 16.1 (15.5)
USGS T-145 (n=9) 9.88 (2.08) 9.2 (1.1) Yes
USGS T-113 (n=6) 23.8 (3.0) 24.7 (0.8) Yes

*Reported Range is 2 pseudosigmas from the mean

Note: USGS Standards T-121, T-143, and T-113 were diluted to 10%, and USGS Standards
T107, T-119, and T-145 were diluted by 50% for analysis in order to fall within

the range of calibration of the AAS.

Table 6.2

Summary: External standard "QC SPEX" measured on IC
(Concentrations in mg/L)

Reported Measured Measured Mean
Analyte Mean (Range)* Mean (Stand. Dev.) w/in Reported Range?
Fluoride (n=10) 3.0 (0.47) 2.8 (0.1) Yes
Chloride (n=8) 30.0 (2.62) 28.8 (1.0) Yes
Nitrate-N (n=10) 5.0 (0.84) 4.9 (0.2) Yes
Nitrite-N (n=10) 2.0 (0.21) 1.9 (0.1) Yes
Phosphate-P (n=10) 1.0 (0.29) 1.0 (0.1) Yes
Sulfate (n=10) 30.0 (5.27) 29.6 (2.2) Yes

*Reported Range is the 95% Confidence Interval

Table 6.3

Summary: Internal standards (fortified lab blanks) measured on
AAS, Carbon Analyzer, and IC

Mean % difference

of fortified lab blank Standard Deviation

Standard and measured concentration of mean % differences
Arsenic =0.5 pg/L (n=21) 12.6 6.3
Arsenic >0.5 ug/L (n=81) 3.4 3.1
Inorganic C (n=101) 2.5 2.4
Organic C (n=49) 7.2 6.0
Fluoride (n=99) 3.6 4.4
Chloride (n=79) 7.0 10.6
Nitrate-N (n=82) 7.1 10.6
Nitrite-N (n=90) 3.5 4.7
Phosphate-P  (n=83) 6.4 10.3
Suifate (n=99) 3.1 4.1
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uali urance/Quality Control evaluation: licates and Spike Recoveri
Table 8.1 Table 8.3
Summary: ICAPES duplicate comparisons of water samples Summary: ICAPES Spike (fortified sampie) recoveries
Number of Stand. dev. of mean Number Stand. dev. of
dupl. pairs Mean % difference of % difference Spike of samples Mean percent mean percent
Eiement above PQL of dupl. pairs of dupl. pairs Element  Unit values above PQL recovery recovery
Ag 0 - - Ag wg/L 20 0 - -
Al 0 - - Al wg/L 10 o] - -
Ba 33 4.0 4.0 Ba ug/L 200 33 96.0 109
Be 0 - - Be wug/L - 0 - -
Ca 33 3.4 3.6 Ca mg/L 20 and 30 33 99.1 8.1
Ccd [o] - - cd ug/L 10 o] - -
Co 0 - - Co pg/L - 0 - -
Cr 29 9.7 7.5 Cr ug/L 10 3 88.9 9.8
Cu 12 3.6 4.0 Cu pg/L 10 and 20 13 108.7 5.2
Fe 30 9.1 10.7 Fe ug/L 20 and 30 30 100.2 17.5
K 32 3.1 2.9 K mg/L 2and2.5 33 103.0 5.3
Li 33 29 2.5 Li ug/L 10 30 106.6 4.9
Mg 33 2.4 2.6 Mg mg/L Sand 10 33 104.4 6.8
Mn 25 5.8 6.5 Mn ug/L 10 24 91.9 4.7
Mo 0 - - M pa/L - o] - -
Na 33 5.7 7.1 Na mg/L 2.5and 10 33 98.0 5.6
Ni o} - - Ni pg/L 20 0 - -
Pb o} - - Pb Hg/L 80 [} - -
S 33 5.9 7.8 S mg/L S 30 115.6 7.0
Si 33 3.1 4.3 Si mg/L S 30 115.2 8.7
Sr 33 4.0 4.4 Sr ug/L S0 30 89.0 9.2
Ti o] - - Ti pg/L - 0 - -
v 0 - - v po/L - 0 - -
Zn 22 6.4 7.4 Zn pg/L 20 24 106 9.7
Table 8.2 Table 8.4
Summary: AAS, Carbon Analyzer, and IC Replicate Summary: AAS, Carbon Analyzer, and IC Spike (fortified sample)
Comparisons recoveries
Number of Mean % difference Stand. dev. of mean Number Stand. dev. of
replicate sets or % RSD of of % diff./%RSD Spike of samples Mean percent mean percent
Analyte above PQL replicate sets of replicate pairs Analyte Unit Value above PQL  recovery recovery
Arsenic =<0.5 ppb 32 7.6 6.8 Arsenic ug/L 1.0 23 107.7 6.3
Arsenic >0.5 ppb 25 3.8 3.6 Inorganic C mg/L - - - -
Inorganic C 51 2.40 3.2 OrganicC mg/L  0.5,2.0 14 96.6 229
Organic C 11 5.7 5.1 Fluoride mg/L 0.1 22 86.1 16.0
Fluoride 55 3.0 43 Chloride mg/L 0.2 [} - -
Chiloride 0 - - Nitrate-N mg/L 0.025 0 - -
Nitrate-N [} - - Nitrite-N mg/L "0.025 0 - -
Nitrite-N (o} - - Phosphate-P mg/L 0.025 0 - -
Phosphate-P [} - - Sulfate mg/L 0.5, 1.5, 3.0 26 111.3 20.9
Sulfate 63 1.5 2.2

PQL= Practical Quantifiabie Limit
9%RSD= Percent relative standard deviation

Tables 8.1-8.4: Summary of duplicates and spike recoveries measured on all instruments used for analysis of water samples.
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Table 10

DISSOLVED LOADS IN THE LANDERS FORK (IN GRAMS PER DAY) and STATISTICAL COMPARISONS BETWEEN SITES

¢ comparisons performed using a two-talled t-test)
Sampic name Sample Discharge | Q [Vs] Tuorg.C  |Seifate | As Ba Ca or Fe K L Mg Mo Na S Si St
date

C N 10 4559 min 7 BIE+06 |7 13E+05 |29E+02 |6 42E-04 |8 SSE+00 [(BPQL) |20E-0} |91E-04 [32E-0C [311E+05 |20E-02 [T OE-0S {24E+0S |1 0E+06 |1 3E-04
C ~gT 163 4616 max T96E«06 |7 IBE+0S |24E+02 |6 82E-04 [BI9E-06 |(BPQL) |20E-Q03 [96E-04 jR2E-02 |323E-06 [24E-02 {23E«0S |25E-0S [11E-06 |1 4E-04
C Wzia mean 7 90E+06 |7 28E+0S [24E+02 |6 SSE+04 |8T73E+00 [(BPQL: |20E-03 |92E+04 |32E+02 |2 16E-06 |22E-02 |2 1E+OS [24E+0S [1 1E+06 |1 4E+04
mean 162 4587

LA 39 114 128 min 6 76E+06 |6 BSE+05 [17E+02 3 S4E-O4 |744E+06 |(BPQOL) |1 4E+03 |11E+05 |S9E-02 |2 73E+06 (84E-O1 [14E+0S |23E-0S |7 3E+0S |9 8E~02
LA g 116 3:3s max 690E+06 |{70TE~05 |17E-02 |3 72E-04 |7 86E+06 [tBPQL) |17E-02 |1 1E-0S |60E-02 |286E-06 {8 SE-01 |1 6E-05 |2 SE~05 |~ "E-0S [1 OE-04
LA 39 mean GB3E+06 |696E+0S |1 7E+02 |365E-04 |7 66E+06 {(BPOL) |16E-03 |11E+05 |S9E+02 {279E+06 [84E~01 |1 SE+QS [24E-05 |~ SE-0S |1 0E-04
mea! 115 3256

C-LA min 1 46E+07 [140E-06 |40E-O2 {996E-04 [160E«C" |{(BPQL) |34E-02 [20E-0S [90E~02 |S84E+06 [28E+02 |24E-03 [47E+0S |1 8E+00 |2 IE~04
C-LA max 1 49E+0" |1 44E+06 |4 1E-02 |1 05E~0S {169€E-07 [(BPQL) {37E-03 [21E-05 |92E+02 |609E-06 [I2E-02 {3 9E-03 {SOE-03 |1 9«06 |2 4E-04
C-LA mean | 4TE+07 [142E+06 |4 1E+02 |1 02E+05 {1 64E+07 ((BPQL) [36E+03 [20E+05 |9 1E+02 |S9SE+06 |3 1E-02 |3 GE+OS |4 8E-05 |1 BE~06 |2 4E+04
LB 397 02 8580 min 1 73E-0" |1 68E+06 [37E+02 |1 19E+0S |1 90E+Q07 [(BPQL) [37E-02 {2SE+OS |1 1E+03 |690E+06 |3 0E+02 |2 "E+(S |S6E+0S [20E-06 |2 7E-04
B 7397 332 01 max | EL |1 93E-06 |49E-02 |138E+0S |220E-0" [(BPQL) }49E-03 |30E-05 |13E-03 |7 92E+06 |3 2E-02 |S6E+S j0 4E~OS |24E-06 [ 1E-
B R mean 1 BSE+()7 |179E+06 |44E-02 [1.27E+0S [204E+07 {{BPQL) [44E~03 |27E+05 [1.2E+03 {734E+06 |3 LE+O2 |4 SE+05 {6 0E~OS |2 2E+06 |2 9E-04
mean 218 897

w gt R 11270 min 2 18E+07 [208E+06 |SSE+02 |1 S3E+0S (244E+07 |[(BPQL) [SSE+03 [31E~0S |15E+02 |847E-06 [37E-O2 [J4E-0S J6BE+0S |2 6E+06 |2 SE-4
uw T k] 10562 max 234E-07 |22SE-06 |S8E-O2 }168E.0S [263E+0" (BPQL) [S8E-02 [36E+0S |1 E+03 |942E+06 |39E+02 |S8E-0S |BOE+0S |2 9E-06 [ 38E-04
w g mean Z26E+0T |217E+06 |STE+O2 |1 62E-05 |2.54E+0” |(BPQL) }STE-03 |34E-CS |1.5E+02 {89BE+06 |3 BE+02 |S2E+0S |7 SE-0S [28E-06 |26E-04
mean 38 1916

p values (from 2 tailed t test)

Prob. that C +LA s diff. from LB 0005 0807 0485 0012 0011 (BPQL) 10091 0008 8006 0009 0712 0.158 0012 0017 (8006
Prob. that LB 1s dyff. from LC 0608 0013 0.020 80096 0009 (BPQOL)» {0020 0.039 o001 0018 0664 0485 0.031 0012 0006

C 9T 108 3058 min 632E+06 [S31E+«05 |1.6E+02 |SOSE+04 |6 10E+06 [(BPOL) |16E+03 [66E+04 [2E+02 [225E+06 [13E+02 |14E+0S [17E+0S |7 6E+0S |1 0E«04
C 22009 17 313 max 693E+06 |670E+0S |20E+02 |5.52E+04 |6.63E+06 |(BPOL) |17E+03 |72E+04 J3E+02 |24SE+06 |1 4E+02 |1 8E+0S |20E+0S [B 2E+0S |1 1E«04
C 2097 13 3200 mean 6G3E+06 |S88E+05 |1.8E+02 |528E+04 [63TE+06 [(BPOL) [1TE+032 |69E+04 [3E+02 |236E+06 |14E+02 |1 6E+0S |1 9E+0S |7 9E+05 11 1E+04
mean 113 3190

A 20097 84 279 min S9E+06 |S6E+0S |82E+01 |29E«04 |STE+06 |(BPQL) {12E+03 [84E+04 [47E~02 [22E+06 |82E~01 |13E~0S |18E+0S |S6E+0S [80E-03
LA ~2097 83 2407 mar 60E+06 |60E+05 |1.2E+02 |30E+04 |SBE-06 |(BPQL) {12E-03 |8SE+Q4 [SOE+02 |22E+06 ([B3E+01 |16E+0S5 |1.9E+0S [STE+OS |8 1E+03
ta 72097 mean 60E+06 |S8E«0S 196E+01 [30E-04 |STE+06 ((BPQL) |12E-02 |8SE+04 [49E~+02 |22E+06 [8.3E+01 [14E+0S |19E+0S |STE0S {8 1E+02
mean & 2393

C-LA min 122E+07 |109E+06 |24E+02 |797E+04 |1 18E-07 {(BPQL) [28E+03 |1 SE-05 |7 1E-02 [44E+06 [21E-02 [27E+05 [36E+0S |1 3E+006 {1 8E-04
C-LA max 1 29E+07 |1 27E+06 |3 3E-02 |8 S2E+04 |1.24E+07 [(BPQL) |30E+02 [16E+05 |7 9E+02 |46E+06 |23E+02 [24E+OS [39E+0OS [ 1 4E+06 |1 9E+O4
C-LA mean | 26E+07 |[117E+06 {28E+02 |8 24E+04 |121E+0" |{(BPQL) [29E-02 |1 5E+05 |7 5E-02 |45E+06 |22E«02 |20E-05 |3BE+)S |14E+00 |1 9E-04
B ~09 191 9 min 1 33E+07 [117E+06 {28E+02 [B46E-04 |1.26E-07 {(BPQL) |28E-03 [1.7E+0S [79E+02 [466E+06 [1.9E-02 [30E+03 |39E+0S |1 JE+06 |1 9E-04
LB 720097 198 560" max 138E+07 |134E+06 {2.9E+02 [891E+04 [130E+07 [(BPQL) |29E+02 {1 7E+0S |82E+02 |486E+06 |19E+02 |3 BE+OS |4 1E+0S |1 4E+06 [20E+04
LB T209 mean 135E+07 |125E+06 [29E-02 |869E+04 [128E+0” [(BPQL) |29E-03 |17E~05 [BI1E+02 {476E+06 |19E+02 |34E-0S5 |40E+0S {1 3E+06 |2 0E+04
mean 195 3508

e 21y 2 6428 min 165E-0" {1 S0E+06 {3 3E+02 [109E+0S |1 5TE+07 [(BPQL) |3 3E-03 |2.1E+0S |1.0E-03 |S™E+06 |1 TE«+02 (3 9E+0S [49E«05 |1 BE+06 [24E+04
e R R 228 6371 max 167E+07 |1 STE+06 |39E-02 |1.1IE+05 |1.61E+07 |{(BPQL) [39E+03 [22E-05 |1.1E+03 [SS8TE+06 [1 7E+02 |4 7E+0S |SOE+0S |1 8E+06 |2 JE+04
w cay ar 6428 mean 1 66E+07 || S4E+06 |3 SE+02 |1 10E+0S |1 SSE+0” |(BPQL) |3 "E-03 |22E-05 |1 1E+03 |SRIE-06 |1 E+02 |43E+05 |SOE+0S )1 8E+06 |2 4E+04
mean 226 6409

1D T 2% 6300 min 162E+0° |141E+06 [33E-02 |1 08E-0S |1 SME+0” |(BPQL) j33E-0} |22E-05 }10E-02 |S66E+06 |33E-02 |IJE-OS [48ES |1 TE+06 |2 4E+04
98] 72097 230 6512 max 1 69E+07 |164E+06 {34E-02 |1 11E+05 |1.58E+0" |(BPQL) {34E-03 |22E-0S |10E-03 [S79E+06 {34E-02 |4 2E+05 |SOE+OS |18E+06 |2 4E-04
tD Y9 228 63456 mean 1 66E+07 |1 S1E+06 |33E+02 |1 09E+0S {1.56E+0" |(BPQL) |33E+03 |22E+0S }10E+03 [ST2E+06 |33E+02 |3 8E+0S |49E+0S |1 BE+06 |2 4E+04
mean 22 6456
F:»mhes (from 2 tailed i-test)

Prob. that C+LA s duff. from LB 0.019 0356 08% 0.097 0.041 (BPQL) |03509 0602 0057 0034 8602 0259 0.003 0413 o107
Prob. that LB 1s dyf. from LC 0600 0.606 0015 0.600 0600 (BPQL) (0011 8.000 0.000 0.600 0.000 0.053 0.600 0.600 #.600
Prob. that LC 1s diyf. from LD 0865 0.827 272 0489 0.105 (BPQL) |0180 219 080! 0106 0.600 210 0520 0467 0.061

¢ 87197 st ldad min 34E+06  [30E+0S }SOE+01 |31E+04 |37E«06 [|(BPQL) |9E-02 39E-04 |1.6E-02 {1 4E+06 [SOE+01 |9 0E+O4 {84E+04 |H0E+OS |2 4E+03
C 87y 52 1972 max 3SE+06 |31E+0S |6 4E-01 |34E-04 |40E+06 |(BPQL) [9E-02 |43E+04 |1.7E-02 |15E-06 |64E+01 |1 OE~0S |8 9E+04 [41E+0S5 |6 6E-03
C 89" mean 34E+06 |3 1E«0S |SOE-01 [32E+04 |39E+06 |(BPQL) |9E+02 |41E+04 {16E-02 |1 SE+06 |SSE+01 [9SE+04 |8 6E+04 |40E+0S |5 1E+03
mean 32 1458

LA 879" Rt} 1076 min 29E-06 |29E«0S |[37E-01 {1SE+04 |[30E+06 |(BPQL: |6E+02 40E+04 [25E+02 |1 1E-06 |(BPQL) [~ 4E+U4 |1 0E+05 |2 8E+OS |4 2E+03
LA 87 40 1133 max 3 1E+06 |32E+05 |[39E+01 |16E+04 [32E+06 [(BPQL) |TE+02 [J43E«04 |26E-02 |12E+06 |[(BPQL) |88E+03 |1 1E+OS [30E+0S |4SE+02
LA 879" mean 30E«06 |30E+0S [38E-01 |16E+04 |31E«06 [(BPOL) |6E~02 |41E+«04 |26E~O2 [12E+06 [(BPQL) |8 1E+04 |1 0E+OS |2 9E+OS [+44E+03
mean 39 1104

C-LA min 631E+06 |S85E+0S |8 7E+01 |4 SSE+04 |6 65E+06 |(BPQL) [1E-03 {79E+O4 [41E+02 |2SE+06 [S1E+O1 |1 6E+OS |18E+0S |6 8E+0S {6 6E+03
C-LA max 6 65E+06 |629E+05 [10E+02 |501E+04 |7 16E+06 |(BPQL) |2E+03 86E+04 |413E+02 [2TE+06 |(NA) 19E+05 |20E+05 |7 1E+0S |1 1E+04
C-LA mean 646E+06 |6 06E+0S |9 TE+Q] 4 78E+04 |6.93E+06 {(BPQL, [1E+D3 82E+04 [42E+02 [26E+06 [(NA) 1 8E+0S | 1 9E+05 |7 0E+0S |9 SE+02
B 8~9 95 2690 min 72E+06 [66E+05 [9.3E+0Ol |SOE-O4 |[7.2E+06 |[(BPQL) [2E-03 9SE«04 [49E+02 [27E+06 [93E+01 |1 9E+OS |2 2E+0S |7 7E+05 |1 1E+04
B 8797 102 2888 max °8E+06 |71E+0S [10E+02 |SSE+04 [80E+06 [(BPQL) |2E+03 10E+0S |S2E+02 |29E+06 ([10E+02 [22E+0S {2 SE+0S {8 4E+05 {1 2E+04
B 879" mean 7 SE+06 |6BE+OS {96E+01 {S2E+04 [(76E+«06 |(BPQL) [2E+03 10E+0S |S1E+02 |28E+06 |96E+01 |21E+05 |24E+0S [B1E+0S {1 1E-04
mean 2 2789

c 87197 1% 3625 min 992E+06 |9 18E+0S }13E+02 |7 36E+0+ {1 01E«07 [(BPQOL) |2E+03 14E+05 |696+02 |370E+«06 |[16E+02 |2 SE+05 {3 1E+OS |1 1E+06 |1 6E+04
we 879 133 3766 max 1 04E+07 |9 96E+0S |13E+02 |7 BIE+(4 [L.O6E+Q" {(BPQL) |3E+03 1.5E+0S |7 SE+D2 |386E+06 |1 6E+02 |28E+05 {34E+0S [1 2E+06 |1 TE+04
e 8797 mean 102E+07 [955E+05 |13E+02 |7 STE-O4 |1 03E-07 [(BPQOL) |2E+03 14E+0S |7 2E+02 |3 7RE+06 |1 6E+02 12 6E+0S [32E+05 |1 1E+06 |1 6E+04
mean 131 3695

LD 879" 12 a7 min 863E-06 |7 95E+0S |1 4E+02 |641E-03 |8 9TE+06 |(BPQL) |2E~03 12E+0S |60E+02 |3 24E+06 |1 4E+02 |2 2E+0S |2 6E+0S |9 6E+0S |1 3E+D4
LD 8797 16 2288 max 917E+06 |8 51E+0S |14E+02 |6 70E+04 |937TE+06 |(BPQL) {2E-02 13E+0S |62E+02 |337E+06 |14E+02 |2 SE+0S |2 7E+0S |1 0E+06 |1 4E+04%
LD 8~ g mean B892E+06 |827TE+0S |14E-02 |6 SSE-O4 |9 16E+06 |(BPQL) |2E-02 13E+05 |6 IE~O2 |3 30E+06 |1 4E+02 |2 3E+0S |2 7E+05 |9 9E+05 |1 4E+03
mean 114 Kpoly |
|p-values (from 2 taied )-1est)

Prob. that C+ LA s dyf. from LB 0807 0021 0882 0067 0054 MOIN/O! 10025 0807 8002 0092 (NA) 0.050 0606 (0507 0153
Prob. that LB s diff. from LC 0500 0801 0000 0600 0500 *DIV/IO! |0005 0.600 0000 0.000 0000 0009 0801 8000 0.600
Prob. that LC 15 duff. from LD 0804 8.009 0608 0.003 8.004 #DIViO! 10025 8002 8004 8001 0801 0.009 8801 8001 0003

C 19 2 651 min | TE+06 14E+05 |28E+01 [1 SE+04 [18E+06 {(BPQL) |39E+02 |20E+04 |79E+0! |6 TE+0S [17E+01 {69E+04 |5 SE+04 |2 1E+0S |28E+03
C 91397 25 708 max | 8E+06 18E+05 |3 1E+0! {1 7E+04 {20E+06 [(BPQL) {43E+02 [22E+04 |92E+01 |7SE+05 [1.8E+01 {89E+04 |62E+04 {23E+0S {3 16+03
C Iy mean 1} 7E+06 16E+05 [29E+0l [16E~04 |19E+06 [(BPQL) |41E+02 [21E+04 |84E+0! {7 1E+0S |18E+0! [BOE+04 {59E+04 |2 2E+05 |3 0E+03
mean 24 680

LA 91397 16 453 min | 4E+06 13E+0S |12E+01 [75E+03 |[1SE+06 [(BPQL) [27E+02 |19E+04 |13E+02 |S6E+0S |BPQL 47E+04 |5 1E+04 | 13E+05 [2 1E+03
LA 91397 16 452 max 1 $E+06 14E+0S |1 6E<01 |76E~03 |16E+06 |(BPQL) |27E+02 |20E+04 |13E+02 |S6E-0S |BPQL 6 2E+04 |5 3E+04 |1 36405 12 2E+03
LA 91397 mean | 4E+06 13E+05 |13E+01 |75E+03 |1 6E+06 [(BPQL) {27E+N2 [19E+04 |13E+02 [S6E+05 {BPQL S SE+04 |5 2E+04 |1 3E+0S |2 1E+03
mean 16 453

C-LA min 301E-06 |278E+0S |40E«01 |225E+04 {337E+06 ((BPQL) |67E+~02 |39E+04 |21E-02 |12E+06 |1 9E«01 |1 2E+05 |1 1E+05 |3 4E+05 {4 9E+03
C-LA max 21E+06 |3 13E+05 |4 6E+01 |241E+04 |3 STE-06 |(BPQOL) |7 OE-02 |42E+04 |22E+02 |1 3E<06 [(NA) 1 SE«05 || 1E+05 {3 6E+05 | 5 3E+03
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[Sampic name Sampic Discharge | Q (Vs] Taorg.C  |Swlfate [As Ba Ca o3 Fe [S 7] Mg Ma Na S St St
date

C+LA mean 3 11E+06 |296E+05 |42E+01 {233E+-04 |348E-05 [(BPQOL) |69E+02 |4 1E-04 [21E+02 [13E+06 [(NA) 13E+05 |1 1E+05 |3 SE-OS JS 1E-Q3
LB 91397 38 1076 min 32E+06 26E+40S |28E-01 [24E+04  |34E-06 |(BPQOL) |SOE-02 [46E+04 [223E.02 |12E+06 [2BE+1 [12E-05 |1 0E-0S |3 SE«OS [49E03
LB 9139 39 1104 max 33E+06 |28E+05 [3BE.01 |2.SE+04 [36E-06 |[(BPQL) |67E~02 |SOE+04 J24E-02 |13E«06 [29E«01 |1SE-05]1 1E-05|37E+05 |S.2E-03
LB 91397 mexr 3 2E-06 27E«05 |35E-01 [2.5E+O4 (3SE-06 ({BPQL) |63E-02 [48E-04 |Z4E-02 |12E-06 {28E-O1 {14E-0S{11E-05(36E+0S[51E-03
meas) 39 1090

Lc 91¥y? &4 1812 min S4E+06 |48E.05 |78E+01 {46E+04 |56E+06 |(BPQL) {"8E+02 |BGE+04 [41E-O2 [20E-06 {47E+C1 |16E-0S |22E+05 6 5E+05 |88E-03
e 91397 68 1926 max S8E-06 S2E+0S |[B3E+01 |SOE+04 |[62E+06 |(BPQL) |} OE+02 |9SE«04 [43E-02 |21E-06 |50E-01 |22E-0S |2 6E-0S |~ OE-0S |9 6E-03
LC 911397 mean SGE+«06 |SOE+05 |[8.1E.01 |48E+«04 |[SOE-06 [(BPQL) |BGE-02 [91E«04 |42E+02 |21E-06 [4BE-Q1 [20E-05 |24E-05 |6 TE-O5 {9 3E-03
mean 66 1869

LD 91497 54 1529 min 30E+06 |36E+0S [60E+01 {3 SE+04 [44E-06 [(BPQL)I [60E+02 [66E+04 [30E+02 {1 5E+06 [36E-01 {12E-05 [16E-0S{SOE-05|67E«~03
LD 9147 49 1388 max 4SE+06 |41E+0S |66E+01 |40E+04 |49E+06 [(BPQLy |7 9E-02 {~ SE+04 [3IGE«02 [17E+06 |40E-01 [!"E-0S |20E-0S |SSE+0S {7 "E-0
LD 9NNg7 mean 43E+06 3BEHS |6E+01 |3 TE+04 [46E«06 1BPQL) {67E+02 {7 IE+03 |33E-02 |16E-06 |38E-01 [14E-05 |19E-05|S2E-05 |7 2E-03
mean 52 1458

p values (from 2-tailed | test)

Prob. that C+1A s diff. from LB 0.1s2 0132 0058 0125 048! (BPQL) (0117 0003 0007 0412 (NA) X1 0.180 007 0062
Prob. that LB « dyf. from LC 0600 0000 0000 0000 2000 (BPQL) (0020 0000 0.000 0.500 0.000 o2 0600 0000 0000
Prob. that LC 13 diff. from LD 0003 0003 0801 0805 8004 (BPQLy |0.085 0006 0807 0002 080! 0.088 0035 8003 8006
LB 11°'16'9™ 1 n min 96E+0S |BOE+04 |SJ4E+00 |6.6E+03 [93E-0S |[26E-01 |16E-02 |14E~04 [39E-01 [3SE-05 [(BPQL' [2SE-04 [30E~-04 |9 TE-04 |14E-03
LB 11'1697 30 max 11E+06 |90E+«04 |B8E+~00 }73E+02 |10E+06 {3ZE-0l [1.8E+02 |1SE+04 }6.SE+O1 [3BE+0S [(BPQL} |23E-04 |33E-04 1 1E-OS]16E-02
LB 111697 mean 10E~06 [8SE+04 |7 S5SE«00 |TO0E+03 |98E+05 |29E-01 |17E-02 [1SE+03 |62E+01 [37E+0S [¢BPQL) [29E~4 |32E-04 |1 OE-05 |1 SE-03
mean 12 20

LC 1116/97 33 934 min 2 8E+06 24E40S |48E+01 |21E+04 [2BE+06 |[85E+01 |48E+02 |43E+04 |19E+02 |10E+06 [(BPQL) |~ 8E+04 |BBE«0:4 |33E-05 [45E+03
LC 111697 36 1019 max 3 1E+06 27E+0S |S53E+01 {24E+04 |30E-06 |10E-02 [S3E~02 {47E+04 |20E-02 [1.1E<06 [|{BPQL) [99E-04 |10E-QS [3E-05 |SOE-03
uc 11716797 mean 2 9E+06 26E+05 |5 1E+01 |23E+04 [29E+06 [94E+01 [S1E+02 [4SE+«M |19E-02 [11E«06 [{BPQL) |[88E~04 [94E+04 2 SE+0S [48E.03
mean 3s 077

LD 1me97 30 850 min 24E+06 20E+05 [4.1E+01 [1.8E+04 |23E+06 |69E+01 [4.1E+02 |3 6E+04 |1 6E+02 |BTE-0S [(BPQL) |[64E+04 |7.SE+04 {28E+0S {2 BE+03
LD 1i1697 28 R max 27E«06 |24E+0S5 |SSE«OI [2.1E«04 [2TE«06 |89E.O1 |47E-02 [42E+04 [18E-O02 |1OE«06 [(BPQL) |94E+04 |B6E«04 |32E0S [44E-03
LD /1697 32 905 mean 25E-06 {22E+05 [49E+0l {1.9E+04 [2SE+06 [79E+01 [$4E+02 [39E+04 [1TE+02 [94E-0S [(BPQL) [~ 6E+04 [B.OE+04 [3.0E+05 [4 1E+G3
imear 30 850

| p-vadues (from 2-tailed t-test)

Prob. that LB «s duff. from LC 8006 0806 08004 006 0 006 (BPQL) (0005 9005 o004 9006 #DIVIe! 10031 0009 |080S |0.006
Prob. tha LC 15 diff. from LD 0.049 0040 0.601 0.044 0.042 0.127 0036 0.058 0036 0.042 [AXY] 0.380 0.045 0.035 0038

C 1/6/98 14 3% min 9.1E-0S 1.0E+05 }17E+01 |87E+03 |1 0E-06 |39E-01 |21E+02 |13E+034 J4BE+O1 |41E-05 [(BPQL) [34E-04 |32E-04 |13E+0S [16E-03
C 1/698 16 L Ax) max 1.1E+06 |12E+0S |[20E+01 [1.0E-04 [1.2E-06 |47E-01 |23E«02 |1.5E+03 [SSE+«01 [48E-0S |(BPQL) |4 1E-04 |3 8E+04 |1 SE+0S |19E+03
C 1/6:98 mean 99E+0S 11E+0S [1.8E+01 |9.5E+03 |1 1E«06 |[43E+01 |22E+02 {14E+04 |SI1E«01 |44E-08 |(BPQL) {3 "E+Od4 |3 SE«04 |1 4E+05 |1 BE+O3
mear 15 425

LB 1:6/98 s 142 min 41E+05 [38E+04 |37E+00 |29E+03 |43E+0S |[12E-01 |"3E-01 [69E+03 {2BE+01 {16E+05 [{BPQL) |1 2E~04 |1 2E-04 [44E+04 |6 4E+O2
LB 1698 6 170 max S1E+05 [47E+04 [44E+00 {3I6E+03 {S2E+0S {16E+01 [BBE~01 {85E+03 {33E+01 {19E+05 [{BPQL) [l SE-04 |1 SE-04 |SIE+04 |7 BE-O2
LB 1/6/98 mean 46E+05 |43E+04 |40E+00 |32E+03 [48E+05 |13E+01 [81E+01 |77E+03 ]31E+01 J18E+03 [(BPQL) |13E+04 {14E+(4 [48E+04 |7 0E+02
mean 6 156

w 1698 26 736 min 21E«06 [21E+05 |[45E+01 |[L.SE+04 [20E«06 |[78E+01 |3I8E+02 |3.2E+03 [14E+02 [~ SEAOS [(BPQL) |6OE«O4 |7 OE+O4 {2 6E+0S |3 3E403
w 11698 2 736 max 21E+06 |22E-05 |S1E+01 {1.7E+04 [2.1E+06 |BOE«01 |3BE+02 [33E-04 |[14E+02 [T8E-0S [(BPQL) [64E-04 [73E+O4|26E+0S {3 SE+03
w 1/6/98 mean 21E<06 |21E-0S [49E.01 |1.6E+04 [20E+06 |79E+O01 [38E+02 [3.2E+04 [14E+02 ["7E+0S ((BPQL) |62E+04 |~ 1E«04 |2.6E+0S [24E+03
mean 26 736

LD 11698 2s 708 min 1 9E+06 19E+0S  [39E+01 {1.5E+04 |18E+06 |"3E+01 |24E+02 {30E+04 |12E+02 |68BE+«0S |(BPQL) |S3E+04|62E-04 |[23E+08{31E+02
L 1/6/98 2 651 max 22E+06 [22E0S |S3E+01 |1 TE+04 |22E-06 ]93E«01 |40E+02 |3 SE+O4 |1SE.02 |BI1E-05 [(BPQL) |~ 9E+04 |7 SE+04 |2 TE+0S |2 "E+03
LD 1'6'98 2= 765 mean 2 1E+06 21E+0S |4 5SE+Q1 {1.6E+04 [|20E-06 |[82E+01 |3 7E+02 [32E+04 |14E+02 |74E«0S [(BPQL) [63E+04 |68E+04 |2 SE+0S [34E+02
mean 24 708

p-vabues (from 2-tailed t-test)

Prob. that Cisdiff. from LB (2.2 0.000 0.000 0000 0.000 0.000 0.000 [z 0001 9000 INA) 0.600 0500 0000 8500
Prob. that LB s dyff. from LC 0000 0000 0000 0000 8000 0.000 8000 0000 0.000 000 (NA) 0.600 8000 9.000 #.000
Prob. that LC s diff. from LD 0.727 0519 0614 0982 0629 0560  |0435 0.988 0.774 0.624 (NAL 07200 (0484 (0374 |0.972
LB 37898 1 28[min 8IE+04  |(NA) T3EQ1 [STE«OX [B2E-04 [(BPQL) |(BPQL) [TSE-03 |3 6E~00 |3 1E-03 (BPQL) |18E+03 {2 6E+03 [90E+02 [12E+02
LB-2 31888 2 57imax 1 TE+OS [(NA) 1.SE+00 [1.1E+03 |1 6E+0S [(BPQL) [(BPQL) [31E+03 |12E+Ol |63E+04 |(BPQL) |B4E«02 |52E+03 |18E«04 |2 5E+02
L83 3/8/98 15 42{mean  13E+05  |(NA) 1.1E+00 |B6E+02 |1.2E+05 [(BPQL) {(BPQL} {23E+03 [8BE+00 |47E~04 [(BPQL) |S.BE«03 |39E+03 |14E+04|19E+02
LC-1 3/8/98 20 566|min 16E«06  }(NA) 49E«01 |1.3E+04 |16E-06 |(BPQL) |(BPQL) |2BE+04 |\ 1E+02 |62E-05 HBPQL: |7 6E-04 |S6E+04 |1 8E+0S |2 SE+03
w2 318198 24 680imax  20E+06 H(NA) 59E+01 [1.6E+04 |20E+06 [(BPQL) |(BPQL} [34E+O% |13IE+O2 [TSE+OS [(BPQL) |!1C+0S |69E+04 |2 2E+05 |3.0E+03
Lc-3 3/8/98 22 6B|mean 18E«06 |INA) SA4E+01 |1.4E+04 |1.8E+06 [(BPQL) |(BPQL) |3 1E+O4 |12E+02 |69E+05 |(BPQLs |10E+«0S [63E+04|20E+0S {2 7E+03
LD-1 3898 1 311{min  90E+OS |(NA) 24E-01 |7.1E+03 |88E+«0S [(BPQL) |[(BPQL) |1 6E+«04 |SOE:01 |34E-03 [(BPQL) |4 1E«04 |3 0E+04 19 9E+04 {1 4E+02

-2 398 15| 425{max  12E.06 |(NA) 33E-01 |98BE«03 [12E«06 [(BPQL) |¢BPQL) |22E+0+4 |81E+«01 |47E+05 [BPQL) |”2E-O4 [42E+0% |1 4E+0S j19E+03

D3 3898 13 368|mean 11E+06 |(NA) 29E+01 §83E+03 |1 1E«06 |(BPQOL) |(BPQL) |18E+04 {~OE+01 |41E+0S |(BPQL) |63E+04 |3 5SE+04 1 2E+0S {16E+03
p-values (from 2-1auled t-test)

Prob. that LB «s dyff. from LC 0,000 (NA) 0000 {0.000 0000 (BPQL) |(BPQL) lep00  {s000 |(s.000 (BPQL) (0801 |oo00 0000 |00
Prob. that LC s diff. from LD 8507 (NA) 8603 0006 8007 (BPQL) [¢(BPQL) |0096 9905 #.006 (BPQL) {0055 0006 6006 8805
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Table 15

Calculations of concentrations in groundwater between sites LB and LC

(These caiculations backcalcul

the conc

(See the first set of calculations below for a description of formulas used)

in groundwater based on changes in chemistry and discharge betweea LB and LC)

[Sample Sample Qlcfs] Inorg. C Sulfate As~ Ba Ca Cr Cu Fe K Li Mg Mn Na S Si Sr Zn
name date '
LB-1 7397, 303 234 226 0.6 160 2567 (<l) (<0.3) 6 034 L5 9.31 0.4 056 075 275 37 (<0.2)
LB-2 7.3/97. 332 237 2.28 0.5 161 2581 (<!) (<0.3) 5 034 LS 930 04 0695 077 276 37 0.8
LB-3 7:3/97, 242 237 0.6 171 2713 (<l) (<0.3) 6 037 16 975 04 0.50 079 291 38 0.5
Mean 318 238 2.30 06 164 2620 (<1) (<0.3) 6 035 15 945 04 058 0.77 281 37 0.5
Std. Dev. 0.4 0.06 0.1 6 0.81 (<1l) (<0.3) 1 0.02 0. 026 00 0.10 0.02 009 [ 0.4
LC-1 7'3:97, 398 239 228 0.6 174 2701 (<i) (<0.3) 6 037 L7 9.61 0.4 0.60 082 300 39 0.8
LC-2 7'3'97, 373 239 2.3t 0.6 173 2705 (<1) (<0.3) 6 036 1.6 968 04 0.58 081 299 39 0.5
LC-3 73197, 240 230 0.6 168 2676 (<Il) (<0.3) 6 03+ 16 9.28 04 048 074 28+ 38 (<0.2)
Mean 386 23.9 2.30 0.6 172 26.94 (<l) (<0.3) 6 036 1.6 9.52 0.4 055 079 29 39 0.5
Std. Dev. 0.1 0.02 0.0 3 0.16 (<l) (<0.3) 0 002 0.1 021 00 006 004 009 1 0.4
Mean change (mean LC-mean LBBS 0.17 -0.01 0.03 7.7 0.74 (N.Q)(N.Q) 03 001 010 007 000 -003 002 O.14 133 (N.Q)
(Conc.inGW)=((Conc.atLC)-(proportion of SW from I.LBXConc.at LB)/(proportion of GW at LC)
proportion of GW at LC= (Mean change btw. LC& LB/MeanQatLC)  0.176
proportion of SWfromLB= (1-Mean Q at LB) 0.824
Backcalcuated conc.in GW 247 227 0.8 207 3038 (N.Q.) (N.Q) 8 0.4 21 985 04 041 088 358 45 (N.Q.)
LB-1 720097, 191 284 2.59 0.6 181 2692 (<l) (<03) 6 036 1.7 1003 04 073 08 29 41 (<0.2)
LB-2 720097, 198 284 250 . 06 184 2692 (<) 03 6 036 17 999 04 065 085 297 41 (<0.2)
LB-3 7/20/97, 284 277 0.6 183 2690 (<1) 03 6 036 L7 998 04 079 085 297 41 (<0.2)
Mean 195 284 2.62 0.6 183 269! (<) (<0.3) 6 036 1.7 10.00 0.4 072 08+ 297 41 (<0.2)
Sid. Dev. 0.0 0.14 0.0 2 0.0!1 (<) (<0.3) 0 0.00 00 0.03 00 0.07 0.0! 001 0 (<0.2)
LC-1 772197, 227 30.0 283 0.6 198 2852 (<) (<0.3) 7 039 19 1048 03 08+ 09 320 H 1.0
LC-2 72197, 225 30.1 273 0.7 200 2896 (<1) (<0.3) 7 039 19 10.57 03 071 089 322 M (<0.2)
LC-3 72197, 227 30.0 2.76 0.6 200 2876 (<Il) 03 6 039 19 10.56 03 078 090 322 M (<0.2)
Mean 226 30.0 2.77 0.6 199 28.75 (<I) (<0.3) 7 039 19 105+ 0.3 0.78 090 321 (<0.2)
Std. Dev. 0.1 0.05 0.1 1 0.22 (<l) (<03) 1 0.00 0.0 0.05 0.0 007 001 001 0 (<0.2)
proportion of GW at LC= 0.1406
proportiou of SWfromLB= 0.85%4
Backealcuated conc.in GW 40.0 3.71 0.8 301 3995 (N.Q.)(N.Q.) 11 0.57 3.1 13.81 03 110 122 472 62 (N.Q)
LB-1 87/97, 95 309 283 0.4 216 3L19 (<) (<0.3) 7 041 21 11.51 04 08+ 097 333 48 (<0.2)
LB-2 87i97, 102 31.2 2.86 0.4 216 3191 (<) (<0.3) 7 042 2.1 11.68 0.4 083 09 336 47 0.3
LB-3 8/7/97, 213 2.82 0.4 219 3144 (<) (<0.3) 7 042 21 11.57 0.4 089 100 337 48 1.6
Mean 9 27.8 2.84 04 217 3151 «(<l) (<0.3) 7 042 2.1 11.59 0.4 085 098 335 48 0.7
Std. Dev. 5.6 0.02 0.0 2 037 (<) (<0.3) 0 00l 00 009 00 003 002 002 1 0.8
LC-1 877/97, 133 32.0 3.06 0.4 236 3229 «(<1) (<0.3) 7 045 22 11.85 05 08 100 358 50 (<0.2)
LC-2 8/7'97, 128 319 293 0.4 235 3214 (<l) (<0.3) 7 045 23 1.8+ 0.5 0.80 10F 358 50 1.1
LC-3 8797, 317 298 0.5 240 3267 «<l) (<03) 8 04 23 11.82 0.5 08 103 360 51 +.6
Mean 131 3.9 2.99 0.4 237 3237 (<) (<0.3) 7 045 2.3 1184 05 082 101 359 50 1.9
Sid. Dev. 0.2 0.07 0.1 3 0.27  (<l) (<0.3) 1 0.0l 0.1 002 0.0 0.03 0.02 0.0! 1 2.4
proportion of GW at LC= 0.245
proportion of SWfromLB= 0.755
Backcalcuated conc.in GW 44.4 3.46 0.5 299 3499 (N.Q)(N.Q) 8 0.57 28 1261 08 0.72 113 430 585 (N.Q)
LB-1 9/13/97, 38 343 285 0.4 256 374 (<]) (<03) 7 050 25 13.14 03 1.57 t14 380 53 (<0.2)
LB-2 9713197, 39 341 296 03 266 3694 (<l) (<0.3) 6 052 25 13.14 03 1.57 114 380 55 (<0.2)
LB-3 9/13/97, 343 293 0.4 259 3822 (<1) (<0.3) 7 052 25 1334 03 1.27 109 383 54 (<0.2)
Mean 39 342 291 0.4 260 3753 «(<l) (<03) 7 051 250 1321 03 147 112 381 54 (<0.2)
Std. Dev. 0.1 0.06 0.1 5 0.65 (<1) (<0.3) ! 0.0l 00 0.12 0.0 017 003 0.02 | (<0.2)
LC-1 9/13/97, 64 342 3.09 0.5 295 36.30 (<Il) (<0.3) 5 0.57 26 1284 03 1.28 1.55 415 58 0.2
LC-2 9/13/97, 68 349 3.15 0.5 299 3605 (<) (<0.3) 5 0.57 26 1280 03 1.04 155 413 58 (<0.2)
LC-3 9/13/97, 346 314 0.5 291 3699 (<l) (<0.3) 6 055 26 1273 03 135 138 420 S6 (<0.2)
Mean 66 346 3.13 0.5 295 3645 (<) (<0.3) 5 0.56 262 1279 03 122 149 416 57 (<0.2)
Std. Dev. 0.4 0.03 0.0 4 0.49 (<1) (<0.3) [ 0.0l 00 006 0.0 016 0.10 004 [ (<0.2)
proportion of GW at LC= 0.417
proportion of SWfromLB= 0.583
Backcalcuated conc.in GW 35.0 3.43 0.7 344 3493 (NQ)INQ) 3 063 28 12.21 03 088 201 465 62 (N.Q.)
LB-1 11/116/97, 1t 359 3.06 0.2 249 3500 1.0 ¢(<03) 6 0.52 22 13.09 (<0.3) 111 L14 362 53 0.5
LB-2 11/16/97, 12 369 299 03 248 3480 L1 0.3 6 052 22 13.02 (<0.3) 1.09 114 3.61 53 1.0
LB-3 1/16/97, 356 2.96 0.3 247 3472 1.0 (<0.3) 6 0.52 22 13.00 (<0.3) 093 L1l 359 53 (<0.2)
Mean 12 36.1 3.00 0.3 248 3484 1.0 (<0.3) 6 0.52 22 13.04 (<0.3) 1.04 113 361 53 0.8
Std. Dev. 0.7 0.05 0.1 ! 0.14 0.1 (<0.3) 0 000 00 0.05 (<0.3) 010 002 002 O 0.4
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Sample Sample Qlcfs}] Inorg.C Sufate As Ba Ca Cr Cu Fe K Li Mg Mn Na S St Sr Zn
{name date
LC-1 1116 97, 36 346 3.03 0.6 269 3451 1.2 (<0.3) 6 053 23 1287 (<0.3) 1.03 112 415 57 (<0.2)
LC-2 11'16'97, 33 344 3.00 0.6 265 3443 L1 (<0.3) 6 053 23 12.87 (<0.3) 097 1.09 411 56 (<0.2)
LC-3 111697, 347 3.04 0.6 269 34165 1.1 (<0.3) 6 053 23 1277 (<0.3) 112 113 116 56 (<0.2)
Mean 35 34.6 3.02 0.6 268 3437 11 (<0.3) 6 053 23 128+ (<03) 1.04 111 414 56 (<0.2)
Sid. Dev. 0.2 0.02 0.0 2 0.18 0.1 (<0.3) 0 0.00 00 006 (<0.3) 008 0.02 003 1 (<0.2)
proportion of GW at LC= 0.667
proportion of SWfromLB= 0.333
Backcalcuated conc.in GW 33.8 3.03 0.8 278 3413 1.2 (NQ) 6 0.5+ 24 1274 (N.Q) 1.04 L11 441 58 (N.Q.)
LB-} 1-6:98 6 342 31 0.3 245 3530 1.1 (<0.3) 6 058 23 13.06 (<0.3) 095 101 357 S3 L0
LB-2 1:6:98 s 35.0 3.2 0.3 239 3565 1.0 (<0.3) 6 0.5 23 13.08 (<0.3) 1.02 102 359 52 1.7
LB-3 1:6'98 338 3.2 03 240 3514 1.1 (<03) 6 057 23 1296 (<0.3) 097 1.04 358 52 24
Afean 1698 6 34.3 3.2 0.3 241 3536 1.1 (<03 6 057 2.3 1303 (<0.3) 098 102 358 52 L7
Sid. Dev. 0.6 0.1 0.0 3 026 0.1 (<03) 0 001 00 006 (<03) 0.0+ 0.02 001 ! 0.7
LC-1 1698 26 33.0 34 0.8 243 3116 1.2 (<0.3) 6 050 22 11.74 (<0.2) 099 LIl 403 52 0.3
1.C-2 1698 26 333 a3 0.7 250 3197 12 (<03 6 051 22 1201 (<0.3) 095 L4 410 S3 <0.2
LC-3 1 6/98 325 34 08 260 3308 13 (<0 6 052 22 1233 (<03) 1.00 110 416 55 <02
Mean 26 329 34 0.8 251 3207 12 (<0.3) 6 051 22 1203 (<0.3) 098 112 410 53 <02
Sud. Dev. 0.4 0.1 0.1 8.5 09 01 (<03 0 00l 00 030 (<03) 003 002 0.07 2 <0.2
proportion of GW at LC= 0.788
proportion of SWfromLB= 0.212 :
Backcalcuated counc.in GW 326 34 0.9 254 3119 13 (N.Q) 6 049 22 11.76  (N.Q) 098 114 1424 54 (N.Q)
LB-1 3'8/98 1 3447 03 234 335 (<I) <08 <5 062 24 1287 <03 178 1.08 367 Si <02
LB-2 3'8/98 33.68 03 232 3337 (<I) <08 <5 063 23 1277 <03 172 107 367 Si <0.2
LB-3 3898 34.67 03 234 3334 (<1) <08 <5 064 24 1282 <03 157 107 368 5i <02
Aean 1 3427 03 233 3342 (<l) <08 <5 063 2.4 1282 <03 169 107 367 Si <0.2
Sud. Dev. 0.523482 0.0 1 0.1193 (<1) <08 <5 001 Ol 0.0501 <03 0.108 0.006 0.0l 0 <0.2
LC-1 3898 22 33.54 1.0 268 3255 (<1) <08 <5 060 22 1285 <03 1.25 2201 416 57 <02
LC-2 3898 33.78 1.0 268 3322 (<1) <08 <5 0358 22 1298 <03 093 2136 409 58 <0.2
LC-3 3898 3453 1.0 269 33.17 (<1) <08 <5 038 22 1291 <03 110 2169 412 58 <02
Mean 22 33.95 1.0 268 3298 (<1) <08 <5 059 22 1291 <03 110 217 412 S8 <02
Std. Dev. 0.51643 0.0 -1 0.37 (<I) <08 <S5 001 00 0.0651 <0.3 0.157 0.033 0.04 1 <0.2
proportion of GW at LC= 0.955
proportion of SWfromLB= 0.045
Backcalcuated conc.in GW 339 1.0 270 3296 (N.Q.) (N.Q.) (N.Q. 0.58 2.2 1292 (N.Q) 107 222 414 358 (N.Q.)
Compilation: all backcalculated GW concentrations

Inorg. C Sulfate As Ba Ca Cr Cu Fe K Li Mg Mn Na S Si Sr Zn
Backcalcuated conc.in GW 24.7 227 08 207 3038 (N.Q)(N.Q) 8 039 21 98 04 041 088 358 45 (N.Q.)
Backcalcuated conc.in GW 40.0 37 08 301 3995 (N.Q.)(N.Q) 11 0.57 3.1 1381 03 110 1.22 472 62 (N.Q.)
Backcalcuated conc.in GW 444 346 0.5 299 3499 (N.Q)INQ) 8 057 28 1261 08 072 113 430 59 (N.Q.)
Backealcuated conc.in GW 350 343 0.7 344 3493 (N.Q)INQ) 3 063 28 1221 03 088 201 465 62 (N.Q.)
Backcalcuated conc.in GW 338 3.03 0.8 278 3413 1.2 (N.Q) 6 054+ 24 1274 (NQ) 104 L1144 58 (N.Q.)
Backcalcuated conc.in GW 326 34 0.9 254 3119 13 (NQ) 6 049 22 11.76 (N.Q) 098 114 424 54 (N.Q.)
Backcalcuated conc.in GW 339 1.0 270 3296 (N.Q.)(N.Q.) (N.Q. 0.58 22 1292 (N.Q) 1.07 222 414 38 (N.Q.)
Mean 4.9 3.22 08 279 3407 1.2 (NQ) 7 0.5+ 25 1227 03 089 139 429 57 (N.Q.)
Sidev 6.2 0.52 0.2 43 3.14 o1 2 0.08 04 1.24 05 025 051 038 6.0
C ilation: Groundwate es t
LC Seep 1 11 16/97 379 327 0.9 311 3719 1.2 (<0.3) 7 064 28 1360 (<0.3) 139 125 513 65 03
LC Seep 2 11/16/97 384 325 0.9 310 37.16 1.1 (<0.3} 7 064 28 13.58 (<0.3) 139 124 512 65 6.0
LC Seep 1 1/6/98 35.6 3.60 0.9 282 354 13 (<0.3) 6 060 27 1287 (<0.3) 1.10 115 481 62 1.7
LC Seep21698 38.1 3.60 0.9 281 3544 1.1 (<0.3) 6 0.59 2.7 1292 (<0.3) 1.06 L.14 48 6! 1.6
L.C Seep! 3-8/98 37.0 0.9 283 3501 (<1) (<0.8) (<5) 064 26 1342 (<0.3) 1.01 218 467 &3 (<0.2)
LC Seep2 3898 370 0.9 281 3540 (<1) (<08 (<5 062 26 1340 (<0.3) 097 213 46l 62 (<0.2)
LC Seep3 3/8/98 36.7 1.0 281 3513 (<) (<0.8) (<5) 063 26 1342 (<0.3) 1.04 215 463 63 (<0.2)
Mean 37.2 343 0.9 290 3582 (N.Q)(N.Q) (INQ. 062 2.7 1332 (NQ) 114 161 483 63 (N.Q.)
Stdev 1.0 0.20 0.0 14 0.94 002 0.1 030 018 051 022 2

valu t-test anal diffe; between calculated easured GW concentrations

Are the backcale. GW conc.
different from seep conc.? no no no no no no no no no 0o yes no
p-value 0.343 0.465 0.065 0.528 0.184 0.019 0.244 0.051 0.048 0.441 0.007 0.021

*N.Q.= NOT QUANTIFIABLE (Typicaity because some or all values are BPQL)
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Table 18: Snow samples collected near confluence.

1/6/98

Sample name
Sample date, approx. time

SNOW 1
1/6/98, 17:00

SNOwW 2
1/6/98, 17:00

Units

pH pH scale |[(NA) (NA)
Diss. oxygen mg/L (NA) (NA)
Spec. Cond. mS/cm (NA) (NA)
Water temp. deg. C (NA) (NA)
Air temp deg. C (NA) (NA)
Inorganic carbon mg/L (NA) (NA)
Organic carbon mg/L (NA) (NA)
Fluoride mg/L (NA) (NA)
Sulfate mg/L (NA) (NA)
As ug/L (NA) (<0.2)
Ag ug/L (<0.8) (<0.8)
Al ug/L (<3) (<3)
Ba ug/L (<1) (<1)
Ca mg/L 0.11 0.07
Cr ug/L (<1) (<1)
Cu ug/L (<0.3) (<0.3)
Fe ug/L (<5) (<5)

K mg/L (<0.10) (<0.10)
Li ug/L (<0.5) (<0.5)
Mg mg/L 0.02 0.02
Mn ug/L (<0.3) (<0.3)
Na mg/L 0.23 0.40

S mg/L 0.02 0.03
Si mg/L (<0.02) (<0.02)
Sr ug/L (<2) (<2)
Zn /L (<0.2) (<0.2)
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AppendixA.

Graphs of discharge versus constituent concentration for
Copper Creek and Landers Fork sites.
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Appendix B.

Graphs of discharge versus constituent concentration for
Hogum Creek and Blackfoot River sites.
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Appendix C.

Field measurements and chemical analysis of all surface water
samples. Each page contains a list measurement results for a
set of triplicate surface water samples taken at a specified site
and specified date.
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COPPER CREEK-AT FISHING ACCESS

SITE "C", ON 7/3/97

APPENDIX C-1

C-1.1
Sample name C-1 C-2 C-3 Mean Std. Dev.
Sample date, approx. time 7/3/97,13:50 7/3/97,13:50 7/3/97,13:50

Units

pH pH scale [8.4 8.4 8.4 8.4 0.0
Diss. oxygen mg/L 9.8 9.8 9.8 9.8 0.0
Spec. Cond. mS/cm ]0.18 0.18 0.18 0.18 0.00
Water temp. deg.C [10.1 101 10.1 10.1 0.0
Air temp deg.C |20.9 20.9 20.9 20.9 0.0
Inorganic carbon mg/L 19.9 19.9 20.0 19.9 0.0
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 1.85 1.81 1.85 1.84 0.02
As ug/L 0.6 0.6 0.6 0.6 0.0
Ba ug/L 164 171 164 166 4
Ca mg/L 21.70 22.55 21.80 22.02 0.46
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L S 5 ) ) 0
K mg/L 0.2 0.2 0.2 0.2 0.0
Li ug/L 0.8 0.8 0.8 0.8 0.0
Mg mg/L 7.89 8.10 7.89 7.96 0.12
Mn ug/L 0.5 0.6 0.6 0.6 0.0
Na mg/L 0.52 0.50 0.57 0.53 0.03
S mg/L 0.60 0.63 0.61 0.61 0.01
Si mg/L 2.62 2.73 2.61 2.65 -0.07
Sr ug/L 34 35 34 34 1
Zn ug/L (<0.2) (<0.2) 0.9 0.4 0.5
COPPER CREEK-AT FISHING ACCESS
SITE "C", ON 7/20/97

C-1.2
Sample name C-1 Cc-2 C-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,19:00 7/20/97,19:00 7/20/97, 19:00

Units

pH pH scale |8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.7 9.7 9.7 9.7 0.0
Spec. Cond. mS/ecm  |0.19 0.19 0.19 0.2 0.0
Water temp. deg.C {9.0 9.0 9.0 9.0 0.0
Air temp deg. C 14.3 14.3 14.3 14.3 0.0
Inorganic carbon mg/L 23.9 24.2 24.0 24.0 0.2
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
Fluoride mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.05 2.34 2.01 2.13 0.18
As ug/L 0.6 0.7 0.7 0.7 0.0
Ba ug/L 193 191 191 192 1
Ca mg/L 23.07 23.15 23.10 23.11 0.04
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.4 0.3 0.3 0.3 0.0
Fe ug/L 6 6 6 6 0
K mg/L 0.25 0.25 0.25 0.25 0.00
Li ug/L 0.9 1.0 0.9 0.9 0.0
Mg mg/L 8.56 8.56 8.53 8.55 0.02
Mn ug/L 0.5 0.5 0.5 0.5 0.0
Na mg/L 0.63 0.58 0.53 0.58 0.05
S mg/L 0.69 0.67 0.66 0.67 0.01
Si mg/L 2.88 2.86 2.86 2.87 0.01
Sr ug/L 39 39 39 39 0
Zn ug/L <0.2 <0.2 <0.2 <0.2 <0.2
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COPPER CREEK-AT FISHING ACCESS
SITE "C", ON 8/7/97

APPENDIX C-1

C-1.3
Sample name C-1 Cc-2 C-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,09:30  8/7/97,09:30 8/7/97,09:30

Units

pH pH scale [8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 11.5 11.5 11.5 11.5 0.0
Spec. Cond. mS/cm 0.22 0.22 0.22 0.22 0.00
Water temp. deg. C 8.1 8.1 8.1 8.1 0.0
Air temp deg. C 19.1 194 1941 19.1 0.0
Inorganic carbon mg/L 27.0 27.0 27.8 27.2 0.5
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.38 2.43 2.46 2.42 0.04
As ug/L 0.5 0.5 0.4 0.5 0.0
Ba ug/L 245 256 266 256 1M
Ca mg/L 29.65 30.93 31.28 30.62 0.86
Cr ng/L (<1) (<1) (<1) (<1) (<1)
Cu ug’/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 7 7 7 0
K mg/L 0.31 0.32 0.34 0.32 0.02
Li ug/L 1.3 1.3 1.3 1.3 0.0
Mg mg/L 11.19 11.64 11.80 11.54 0.32
Mn ug/L 0.4 0.4 0.5 0.4 0.0
Na mg/L 0.64 0.79 0.72 0.71 0.08
S mg/L 0.70 0.67 0.67 0.68 0.02
Si mg/L 3.22 3.20 3.21 3.21 0.01
Sr ug/L 49 51 52 S1 2
Zn ug/L 1.2 (<0.2) (<0.2) (<0.2) (<0.2)
COPPER CREEK-AT FISHING ACCESS
SITE "C", ON 9/13/97

C-1.4
Sample name C-1 C-2 C-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,11:00 9/13/97,11:00 9/13/97,11:00

Units

pH pH scale [8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 10.5 10.6 10.5 10.5 0.
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 6.6 6.6 6.6 6.6 0.0
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 29.9 29.7 29.5 29.7 0.2
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.77 2.88 2.57 2.74 0.16
As pg/L 0.5 0.5 0.5 0.5 0.0
Ba ng/L 270 269 267 269 2
Ca mg/L 32.4 32.97 32.80 32.72 0.29
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7.2 7 7 7 0
K mg/L 0.36 0.36 0.36 0.36 0.00
Li ug/L 1.4 1.5 1.4 1.4 0.0
Mg mg/L 11.9 12.22 12.18 12.09 0.19
Mn ug/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 1.4 1.23 1.45 1.34 0.1
S mg/L 1.01 0.98 1.00 1.00 0.02
Si mg/L 3.81 3.80 3.73 3.78 0.05
Sr g/t 49 51 51 51 1
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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COPPER CREEK-AT FISHING ACCESS

SITE "C", ON 1/6/98

APPENDIX C-1

C-1.5
Sample name C-1 C-2 C-3 Mean Std. Dev.
Sample date, approx. time 1/6/98,08:30 1/6/98,08:30 1/6/98, 08:30

Units

pH pH scale 8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm 0.24 0.24 0.24 0.2 0.0
Water temp. deg. C 0.1 0.1 0.1 0.1 0.0
Air temp deg. C -4.7 -4.7 -4.7 -4.7 0.0
Inorganic carbon mg/L 27.3 26.7 26.7 26.9 0.3
Organic carbon mg/L <1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.0 3.1 3.0 3.0 0.1
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 260 258 255 258 2
Ca mg/L 30.45 30.48 29.65 30.19 0.47
Cr ng/L 1.2 1.1 1.2 1.2 0.0
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.38 0.38 0.38 0.38 0.00
Li ug/L 1.4 1.4 1.4 1.4 0.0
Mg mg/L 12.15 12.17 11.98 12.10 0.10
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.02 0.99 1.04 1.01 0.02
S mg/L 0.96 0.94 0.96 0.95 0.01
Si mg/L 3.94 3.93 3.86 3.91 0.04
Sr ug/L 49 49 48 49 1
Zn pg/L 0.2 0.7 1.7 0.9 0.7
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LANDER'S FORK

SITE "LA", ON 7/3/97

APPENDIX C-2

C-2.1
Sample name LA-1 LA-2 LA-3 Mean Std. Dev.
Sample date, approx. time 7/3/97,20:00 7/3/97,20:00 7/3/97,20:00 )

Units

pH pH scale |8.5 8.5 8.5 8.5 0.0
Diss. oxygen mg/L 9.2 9.2 9.2 9.2 0.0
Spec. Cond. mS/em  |0.22 0.22 0.22 0.22 0.00
Water temp. deg. C 11.1 111 114 11.1 0.0
Air temp deg. C 11.0 11.0 11.0 11.0 0.0
Inorganic carbon mg/L 24.2 24.3 24.3 24.3 0.1
Organic carbon mg/L (<1) 1.3 (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.47 2.49 2.46 2.47 0.01
As ng/L 0.6 0.6 0.6 0.6 0.0
Ba ng/L 131 132 127 130 2
Ca mg/L 27.33 27.69 26.68 27.23 0.51
Cr ng/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/L 6 6 S 6 0
K mg/L 0.40 0.40 0.39 0.40 0.01
Li ug/L 2.1 2.1 2.1 2.1 0.0
Mg mg/L 9.95 10.07 9.78 9.93 0.15
Mn ng/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 0.57 0.55 0.50 0.54 0.04
S mg/L 0.87 0.86 0.83 0.85 0.02
Si mg/L 2.69 2.71 2.63 2.67 0.04
Sr ug’/L 36 36 35 36 1
Zn ug/L 0.5 (<0.2) 0.4 0.3 0.2
LANDER'S FORK
SITE "LA", ON 7/20/97

C-2.2
Sample name LA-1 LA-2 LA-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,16:30 7/20/97,16:30 7/20/97,16:30

Units

pH pH scale [8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 8.8 8.8 8.8 8.8 0.0
Spec. Cond. mS/cm  }0.22 0.22 0.22 0.22 0.00
Water temp. deg.C [12.8 12.8 12.8 12.8 0.0
Air temp deg.C }16.7 16.7 16.7 16.7 0.0
Inorganic carbon mg/L 28.8 28.8 28.9 28.8 0.0
Organic carbon mg/L  |(<1) (NA) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.84 2.88 2.74 2.82 0.08
As ug/L 0.4 0.4 0.6 0.5 01
Ba ug/L 144 143 142 143 1
Ca mg/L 27.79 27.94 27.65 27.79 0.15
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.41 0.41 0.41 0.41 0.00
] ug/L 2.3 2.4 2.4 2.3 0.1
Mg mg/L 10.47 10.52 10.49 10.49 0.03
Mn ug/L 0.4 0.4 0.4 0.4 0.0
Na mg/L 0.71 0.62 0.76 0.70 0.07
S mg/L 0.93 0.90 0.92 0.92 0.01
Si mg/L 2.74 2.74 2.74 2.74 0.00
Sr ug/L 39 39 39 39 0
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK
SITE "LA", ON 8/7/97

APPENDIX C-2

c-2.3
Sample name LA-1 LA-2 LA-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,10:30 8/7/97,10:30 8/7/97, 10:30

Units

pH pHscale 8.6 8.6 8.6 8.6 0.0
Diss. oxygen mg/L 10.1 101 10.1 10.1 0.0
Spec. Cond. mS/cm 0.26 0.26 0.26 0.26 0.00
Water temp. deg. C 13.5 13.5 13.5 13.5 0.0
Air temp deg. C 23.8 23.8 23.8 23.8 0.0
Inorganic carbon mg/L 31.8 31.8 31.7 31.7 0.0
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3N 3.10 3.23 3.15 0.07
As ug/L 0.4 0.4 0.4 0.4 0.0
Ba ug/L 161 162 166 163 3
Ca mg/L 31.75 32.42 32.54 32.24 0.43
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) 0.7 (<0.3) (<0.3)
Fe ug/L 6 6 7 7 0
K mg/L 0.43 0.44 0.43 0.43 0.00
Li ug/L 2.7 2.7 2.7 2.7 0.0
Mg mg/L 11.91 1212 12.16 12.06 0.13
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.86 0.90 0.80 0.85 0.05
S mg/L 1.11 1.11 1.08 1.10 0.02
Si mg/L 3.04 3.10 3.03 3.05 0.04
Sr ug/L 45 46 46 46 1
Zn ug/L (<0.2) (<0.2) 0.2 (<0.2) (<0.2)
LANDER'S FORK
SITE "LA", ON 9/13/97

C-2.4
Sample name LA-1 LA-2 LA-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,13:00 9/13/97,13:00 9/13/97, 13:00

Units

pH pH scale |8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L 9.3 9.4 9.4 9.4 0.1
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 11.5 11.5 11.5 11.5 0.0
Ait temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 35.1 34.6 35.2 35.0 0.3
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.43 3.50 3.40 3.44 0.05
As ug/L 0.3 0.4 0.3 0.3 0.0
Ba ug/L 194 192 192 192 1
Ca mg/L 39.77 39.54 39.75 39.69 0.13
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 7 7 7 0
K mg/L 0.51 0.49 0.49 0.50 0.01
Li ug/L 3.3 3.3 33 3.3 0.0
Mg mg/L 14.41 14.35 14.37 14.38 0.03
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.21 1.58 1.41 1.40 0.19
S mg/L 1.32 1.35 1.31 1.33 0.02
Si mg/L 3.29 3.29 3.28 3.29 0.01
Sr ug/tL SS 54 S5 55 0
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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APPENDIX C-3

LANDER'S FORK
SITE "LB", ON 7/3/97

C-3.1
Sample name LB8-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 7/3/97,08:00 7/3/97,08:00 7/3/97,08:00

Units

pH pH scale |8.4 8.4 8.4 8.4 0.0
Diss. oxygen mg/L 9.20 9.20 9.2 9.2 0.0
Spec. Cond. mS/cm  [0.21 0.21 0.21 0.21 0.00
Water temp. deg. C (NA) (NA) (NA) (NA) (NA)
Air temp deg.C  [(NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 23.4 23.7 24.2 23.8 0.4
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.26 2.28 2.37 2.30 0.05
As ug/L 0.6 0.5 0.6 0.5 0.0
Ba ug/L 160 161 171 164 6
Ca mg/L 25.67 25.81 2713 26.20 0.81
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 S 6 S 0.2
K mg/L 0.34 0.34 0.37 0.35 0.02
] ug/L 1.5 1.5 1.6 1.6 0.0
Mg mg/L 9.31 9.30 9.75 9.45 0.26
Mn ug/L 0.4 0.4 0.4 0.4 0.0
Na mg/L 0.56 0.69 0.50 0.59 0.10
S mg/L 0.75 0.77 0.79 0.77 0.02
Si mg/L 2.75 2.76 2.91 2.80 0.09
Sr ug/L 37 37 38 37 1
Zn pg/L (<0.2) 0.8 0.5 0.5 0.3
LANDER'S FORK
SITE "LB", ON 7/20/97

Cc-3.2
Sample name LB-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,21:00 7/20/97,21:00 7/20/97, 21:00

Units

pH pH scale [7.9 7.9 7.9 7.9 0.0
Diss. oxygen mg/L 9.0 9.0 9.0 9.0 0.0
Spec. Cond. mS/em  [0.22 0.22 0.22 0.22 0.00
Water temp. deg. C 10.0 10.0 10.0 10.0 0.0
Air temp deg. C 12.9 12.9 12.9 12.9 0.0
Inorganic carbon mg/L 28.4 28.4 28.4 28.4 0.0
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.59 2.50 2.77 2.62 0.14
As ug/L 0.6 0.6 0.6 0.6 0.0
Ba ug/L 181 184 183 182 2
Ca mg/L 26.92 26.92 26.90 26.91 0.01
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) 0.3 0.3 (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.36 0.36 0.36 0.36 0.00
Li ug/L 1.7 1.7 1.7 1.7 0.0
Mg mg/L 10.03 9.99 9.98 10.00 0.03
Mn ug/L 0.4 0.4 0.4 0.4 0.0
Na mg/L 0.73 0.65 0.79 0.72 0.07
S mg/L 0.83 0.85 0.85 0.85 0.01
Si mg/L 2.96 2.97 2.97 2.96 0.01
Sr ug/L 41 41 41 41 0
Zn pg/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK
SITE "LB", ON 8/7/97

APPENDIX C-3

C-3.3
Sample name LB-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,12:00 8/7/97,12:00 8/7/97,12:00

Units

pH pH scale 8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L 10.3 10.3 10.3 10.3 0.0
Spec. Cond. mS/cm 0.24 0.24 0.24 0.24 0.00
Water temp. deg. C 11.5 11.5 11.5 11.5 0.0
Air temp deg. C 27.5 27.5 27.5 27.5 0.0
Inorganic carbon mg/L 30.9 31.2 31.3 31.2 0.2
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.83 2.86 2.82 2.84 0.02
As ug/L 0.4 0.4 0.4 0.4 0.0
Ba ng/L 216 216 219 217 1
Ca mg/L 31.19 319 31.44 31.51 0.37
cr pg/L 1.0 (<1) (<1) (<1) (<1)
Cu rg/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe nug/L 7 7 7 7 0
K mg/L 0.41 0.42 0.42 0.42 0.01
Li ug/L 2.1 2.1 2.1 2.1 0.0
Mg mg/L 11.51 11.68 11.57 11.59 0.09
Mn ug/L 0.4 0.4 0.4 0.4 0.0
Na mg/L 0.84 0.83 0.89 0.85 0.03
S mg/L 0.97 0.96 1.00 0.98 0.02
Si mg/L 3.33 3.36 3.37 3.35 0.02
Sr ug/L 48 47 48 48 0
Zn ug/L (<0.2) 0.3 1.6 0.6 0.8
LANDER'S FORK
SITE "LB", ON 9/13/97

C-3.4
Sample Name, Date LB-1 LB-2 - LB-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,14:00 9/13/97,14:00 9/13/97, 14:00

Units

pH pH scale 8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.4 9.4 9.4 9.4 0.0
Spec. Cond. mS/em | (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 10.3 103 10.3 10.3 0.0
Air temp deg.C | (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 343 341 34.3 34.2 041
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
Fluoride mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.85 2.96 2.93 2.91 0.06
As ug/L 0.4 0.3 0.4 0.3 0.0
Ba ng/L 256 266 259 260 S
Ca mg/L 37.44 36.94 38.22 37.53 0.65
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 6 7 7 0
K mg/L 0.50 0.52 0.52 0.51 0.01
Li ug/L 2.5 2.5 2.5 2.5 0.0
Mg mg/L 13.14 13.14 13.34 13.21 0.12
Mn ug/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 1.57 1.57 1.27 1.47 047
S mg/L 1.14 1.14 1.09 112 0.03
Si mg/L 3.80 3.80 3.83 3.81 0.02
Sr ug/L S3 55 54 54 1
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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APPENDIX C-3

LANDER'S FORK
SITE "LB", ON 11/16/97
C-3.5

Sample name LB-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 11/16/97,09:00 11/16/97,09:00 11/16/97, 09:00

Units
pH pH scale 7.6 7.7 7.6 7.6 0.0
Diss. oxygen mg/L (Not calibrating-- too cold)
Spec. Cond. mS/cm 0.27 0.27 0.27 0.27 0.00
Water temp. deg. C 2.1 2.1 2.1 2.1 0.0
Air temp deg. C -7.5 -7.5 -7.5 -7.5 0.0
inorganic carbon {mg/L 35.9 36.9 35.6 36.2 0.7
Organic carbon |mg/L (<1) 1 (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.06 2.99 2.96 3.00 0.05
As ug/L 0.2 0.3 0.3 0.3 0.0
Ba ug/L 249 248 247 248 1
Ca mg/L 35.00 34.80 34.72 34.84 0.14
Cr ug/L 10 11 1.0 1.0 0.1
Cu ug/L (<0.3) 0.3 (<0.3) - 1(<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.52 0.52 0.52 0.52 0.00
L ug/L 2.2 2.2 2.2 2.2 0.0
Mg mg/L 13.09 13.02 13.00 13.04 0.05
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.1 1.09 0.93 1.04 0.10
S mg/L 1.14 1.14 1.11 1.13 0.02
Si mg/L 3.62 3.61 3.59 3.60 0.02
Sr |ug/L 53 53 53 53 0
Zn ug/L 0.5 1.0 (<0.2) (<0.2) (<0.2)
LANDER'S FORK
SITE "LB", ON 1/6/98

C-3.6

Sample name LB-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 1/6/98, 10:00 1/6/98, 10:00 1/6/98, 10:00

Units
pH pH scale 7.6 7.6 7.6 7.6 0.0
Diss. oxygen mg/L 15.0-17.0 15.0-17.0
Spec. Cond. mS/cm 0.27 0.27 0.28 0.27 0.01
Water temp. deg. C 31 3.1 3.4 3.1 0.0
Air temp deg. C 0.2 0.2 0.2 0.2 0.0
Inorganic carbon |mg/L 34.2 35.0 33.8 343 0.6
Organic carbon  }mg/L {(<1) (<1) (<1) (<1) (<1)
F mg/L 0.05 0.05 0.05 0.05 0.00
Sulfate mg/L 341 3.2 3.2 3.2 0.1
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 245 239 240 242 3
Ca mg/L 35.30 35.65 35.14 35.36 0.26
Cr ug/L 1.1 1.0 1.1 1.1 0.1
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.58 0.56 0.57 0.57 0.01
L ug/L 2.3 2.3 2.3 2.3 0.0
Mg mg/L 13.06 13.08 12.96 13.03 0.06
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.95 1.02 0.97 0.98 0.03
S mg/L 1.01 1.02 1.04 1.02 0.02
Si mg/L 3.57 3.59 3.58 3.58 0.01
Sr ug/L 53 52 52 52 1
Zn ug/L 1.0 1.7 2.4 1.7 0.7
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LANDER'S FORK

SITE "LB", ON 3/8/98

APPENDIX C-3

C-3.7

Sample name LB-1 LB-2 LB-3 Mean Std. Dev.
Sample date, approx. time 3/8/1998,11:30 3/8/1998,11:30 3/8/1998, 11:30

Units
pH pH scale |7.7 7.6 7.7 7.7 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg.C 4.0 3.9 4.0 4.0 04
Air temp deg. C -1.3 -1.3 -1.2 -1.3 0.1
Inorganic carbon mg/L 34.5 33.7 34.7 343 0.5
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (NA) (NA) (NA) (NA) (NA)
Sulfate mg/L (NA) (NA) (NA) (NA) (NA)
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ng/L 234 232 234 233.2 1.1
Ca mg/L 33.56 33.37 33.34 33.42 0.12
Cr wg/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.8) (<0.8) (<0.8) (<0.8) (<0.8)
Fe ug/L (<5) (<5) (<5) (<5) (<5)
K mg/L 0.62 0.62 0.64 0.63 0.01
Li ng/L 2.4 2.3 2.4 2.4 0.0
Mg mg/L 12.87 12.77 12.82 12.8 0.1
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.86 1.06 0.77 0.89 0.15
S mg/L 1.05 1.07 1.07 1.06 0.01
Si mg/L 3.7 3.67 3.68 3.7 0.0
Sr ug/L 51 51 51 51 0
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK Hyporheic zone samples: Sampler 1 (East bank)
SITE "LB-HZ1", ON 11/18/97

APPENDIX C-3

Cc-3.8
Sample name LB-HZ1 LB-HZ1 LB-HZ1 LB-HZ1
Sample depth 10cm 20cm 40cm 85cm
Sample date, approx. time 11/18/97,11:00 11/18/97,11:00 11/18/97,11:00 11/18/97, 11:00

Units

pH pH scale |8.0 8.0 8.0 8.2
Diss. oxygen mg/L 11.5 10.8 11.5 8.3
Spec. Cond. mS/cm  10.28 0.28 0.28 0.29
Water temp. deg.C (4.3 4.2 4.9 5.3
Air temp deg. C 1.8 1.8 1.8 1.8
Inorganic carbon mg/L 346 345 35.2 38.2
Organic carbon mg/L (<1) (<1) (<1) 1.8
F mg/L (<0.05) (<0.05) 0.05 0.06
Sulfate mg/L 2.98 2.98 2.99 3.90
As ng/L 0.2 0.2 0.3 0.2
Ba wg/L 245 246 246 260
Ca mg/L 34.86 34.74 34.61 36.08
Cr ug/L 1.0 1.0 1.0 1.2
Cu ug/L 0.4 (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 9
K mg/L 0.51 0.53 0.53 0.66
Li ug/L 2.2 2.2 2.2 2.8
Mg mg/L 12.95 12.89 12.94 14.20
Mn ug/L (<0.3) (<0.3) (<0.3) 35.5
Na mg/L 2.18 1.10 1.22 1.28
S mg/L 1.25 113 1.14 1.19
Si mg/L 3.59 3.58 3.58 4.18
Sr ug/L 53 53 52 62
Zn ug/L (<0.2) (<0.2) 0.2 1.8

(Surface water: pH=8.0; Spec. Cond.=0.28; Temp.=4.3)

LB "SPRING"- where it emerges from beneath snow upstream from LB

C-3.9

Sample name

Sample date, approx. time

LB-SPRING
1/6/98, 11:00

Units
pH pH scale |(NA)
Diss. oxygen mg/L (NA)
Spec. Cond. mS/cm | (NA)
Water temp. deg. C (NA)
Air temp deg. C (NA)
Inorganic carbon mg/L 34.8
Organic carbon mg/L (<1)
F mg/L 0.05
Sulfate mg/L 3.34
As pg/L 0.4
Ba ug/L 214
Ca mg/L 34.61
Cr ng/L 1.0
Cu pg/L (<0.3)
Fe ug/L 6
K mg/L 0.41
Li pg/L 2.0
Mg mg/L 12.96
Mn ug/L (<0.3)
Na mg/L 0.88
S mg/L 1.07
Si mg/L 3.37
Sr ug/L 50
Zn ug/L 1.8
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APPENDIX C-4

LANDER'S FORK
SITE "LC", ON 7/3/97
C-4.1

Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date, approx. time 7/3/97,09:00 7/3/97,09:00 7/3/97,08:00

Units
pH pH scale |8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.8 9.8 9.8 9.8 0.0
Spec. Cond. mS/em  |0.21 0.21 0.21 0.21 0.00
Water temp. deg. C 6.9 6.9 6.9 6.9 0.0
Air temp deg.C  |(NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 23.9 23.9 24.0 23.9 0.1
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.28 2.31 2.30 2.30 0.02
As ug/L . 10.6 0.6 0.6 0.6 0.0
Ba ug/L 174 173 168 172 3
Ca mg/L 27.01 27.05 26.76 26.94 0.16
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.37 0.36 0.34 0.36 - 0.01
L ug/L 1.7 1.6 1.6 1.6 0.1
Mg mg/L 9.61 9.68 9.28 9.52 0.21
Mn ug/L 0.4 0.4 0.4 0.4 0.0
Na mg/L 0.60 0.58 0.48 0.55 0.07
S mg/L 0.82 0.81 0.74 0.79 0.04
Si mg/L 3.00 2.99 2.84 2.94 0.09
Sr ug/L 39 39 38 39 1
Zn ug/L 0.8 0.5 0.2 0.5 0.3
LANDER'S FORK
SITE "LC", ON 7/21/97

C-4.2

Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date, approx. time 7/21/97,08:00 7/21/97,08:00 7/21/97, 08:00

Units
pH pH scale |8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm  {0.23 0.23 0.23 0.23 0.00
Water temp. deg. C 7.4 7.4 7.4 7.40 0.00
Air temp deg.C 11.5 11.5 11.5 11.5 0.0
Inorganic carbon mg/L 30.0 3041 30.0 30.0 0.1
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.83 2.73 2.76 2.77 0.05
As ug/L 0.6 0.7 0.6 0.6 0.0
Ba ug/L 198 200 200 199 1
Ca mg/L 28.52 28.96 28.76 28.75 0.22
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) 0.3 (<0.3) (<0.3)
Fe ug/L 7 7 6 7 0
K mg/L 0.39 0.39 0.39 0.39 0.00
L ug/tL 1.9 1.9 1.9 1.9 0.0
Mg mg/L 10.48 10.57 10.56 10.54 0.05
Mn ug/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 0.84 0.71 0.78 0.78 0.06
S mg/L 0.90 0.89 0.90 0.90 0.01
Si mg/L 3.20 3.22 3.22 3.21 0.01
Se ug/L 44 44 a4 44 0
Zn pug/L 1.0 (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK
SITE "LC", ON 8/7/97

APPENDIX C-4

. C-4.3
Sample name LC-1 Lc-2 LC-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,14:00 B8/7/97,14:00 8/7/97,14:00

Units
pH pH scale [8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L 101 1041 101 101 0.0
Spec. Cond. mS/cm 0.25 0.25 0.25 0.3 0.0
Water temp. deg. C 12.3 12.3 12.3 12.3 0.0
Air temp deg. C 24.4 24.4 24.4 24.4 0.0
Inorganic carbon mg/L 32.0 31.9 31.7 31.9 0.2
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.06 2.93 2.98 2.99 0.07
As ug/L 0.4 0.4 0.5 0.4 0.0
Ba ug/L 236 235 240 237 3
Ca mg/L 32.29 32.14 32.67 32.37 0.27
Cr ng/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 7 8 7 1
K mg/L 0.45 0.45 0.46 0.46 0.00
Li ug/L 2.2 2.3 2.3 2.3 0.0
Mg mg/L 11.85 11.84 11.82 11.84 0.2
Mn ug/L 0.5 0.5 0.5 0.5 0.0
Na mg/L 0.80 0.80 0.86 0.82 0.04
S mg/L 1.00 1.01 1.03 1.01 0.01
Si mg/L 3.58 3.58 3.60 3.59 0.01
Sr ug/L 50 S0 51 S0 1
Zn pg/L (<0.2) 1.1 4.6 1.9 2.3
LANDER'S FORK
SITE "LC", ON 9/13/97
C-4.4
Sample name LC-1 Lc-2 LC-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,15:00 9/13/97,15:00 9/13/97, 15:00
Units

pH pH scale 8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.4 9.5 9.4 9.4 04
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 9.8 9.8 9.8 9.8 0.0
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 34.2 34.9 34.6 34.6 0.4
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.09 3.15 3.14 3.13 0.03
As ng/L 0.5 0.5 0.5 0.5 0.0
Ba ng/L 295 299 291 295 4
Ca mg/L 36.30 36.05 36.99 36.45 0.49
Cr rg/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 5 5 6 5 0
K mg/L 0.57 0.57 0.55 0.56 0.01
Li ug/L 2.6 2.6 2.6 2.6 0.0
Mg mg/L 12.84 12.80 12.73 12.79 0.06
Mn ug/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 1.28 1.04 1.35 1.22 0.7
S mg/L 1.55 1.55 1.38 1.49 0.10
Si mg/L 415 413 4.20 416 0.04
Sr ug/L 58 58 56 57 1
Zn pg/L 0.2 (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK

SITE "LC", ON 10/19/97

APPENDIX C-4

C-4.5
Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date, approx. time 10/19/97,10:00 10/19/97,10:00 10/19/97, 10:00

Units

pH pH scale }8.5 8.5 8.4 8.5 0.0
Diss. oxygen mg/L 13.2-14.0 13.2-14.0
Spec. Cond. mS/cm | (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 7.2 7.2 7.2 7.2 0.0
Air temp deg.C  [(NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 34.6 34.7 35.1 34.8 0.3
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.99 3.00 3.03 3.00 0.02
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 232 220 235 229 8
Ca mg/L 30.27 29.87 31.53 30.56 0.87
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 7 6 0
K mg/L 0.43 0.39 0.42 0.41 0.02
Li ug/L 2.2 2.2 2.2 2.2 0.0
Mg mg/L 10.34 10.15 10.73 10.41 0.30
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.34 1.27 1.18 1.27 0.07
S mg/L 1.42 1.38 1.3 1.37 0.05
Si mg/L 413 4.11 4.12 412 0.01
Sr ng/L 44 42 45 43 1
Zn ug/L (<0.2) _(<0.2) (<0.2) (<0.2) (<0.2)
LANDER'S FORK
SITE “LC", ON 11/16/97

C-4.6
Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date, approx. time 11/16/97,11:00 11/16/97,11:00 11/16/97, 11:00

Units

pH pH scale |7.94 7.98 7.94 7.95 0.02
Diss. oxygen mg/L 12.5-13.5 12.5-13.5
Spec. Cond. mS/cm  {0.27 0.27 0.27 0.27 0.00
Water temp. deg. C 6.0 6.0 6.0 6.0 0.0
Air temp deg.C  |0.4 0.4 0.4 0.4 0.0
Inorganic carbon mg/L 34.6 34.4 34.7 34.6 0.2
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.03 3.00 3.04 3.02 0.02
As ug/L 0.6 0.6 0.6 0.6 0.0
Ba ug/L 269 265 269 268 2
Ca mg/L 34.51 34.43 34.165 34.37 0.18
Cr ng/L 1.2 1.1 1.1 1.1 0.1
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/L 6 6 6 6 0
K mg/L 0.53 0.53 0.53 0.53 0.00
Li ng/L 2.3 2.3 2.3 2.3 0.0
Mg mg/L 12.87 12.87 12.77 12.84 0.06
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.03 0.97 1.12 1.04 0.08
S mg/L |12 1.09 1.13 1.11 0.03
Si mg/L 4.15 4.11 4.16 4.14 0.02
Sr ug/L 57 56 56 56 0
Zn pg/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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LANDER'S FORK
SITE "LC", ON 1/6/98

APPENDIX C-4

C-4.7
Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date and approx. time 1/6/98,13:00 1/6/98,13:00 1/6/98, 13:00

Units

pH pH scale |8.0 8.0 8.0 8.0 0.0
Diss. oxygen mg/L 15-19 15-19
Spec. Cond. mS/cm  |0.27 0.26 0.27 0.27 0.01
Water temp. deg. C 4.0 4.0 4.0 4.0 0.0
Air temp deg. C 0.6 0.6 0.6 0.6 0.0
Inorganic carbon mg/L 33.0 333 32.5 32.9 0.4
Organic carbon mg/L 1.1 (<1) (<1) (<1) (<1)
F mg/L 0.05 0.05 (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.4 3.3 3.4 3.4 0.1
As ug/L 0.8 0.7 0.8 0.8 0.0
Ba ug/L 243 250 260 251.0 8.9
Ca mg/L 31.16 31.97 33.08 32.07 0.96
Cr ug/tL 1.2 1.2 1.3 1.2 0.0
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/L 6 6 6 6 0
K mg/L 0.50 0.51 0.52 0.51 0.01
Li ug/L 2.2 2.2 2.2 2.2 0.0
Mg mg/L 11.74 12.01 12.33 12.03 0.30
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.99 0.95 1.00 0.98 0.03
S mg/L 1.11 1.14 1.10 112 0.02
Si mg/L 4.03 4.10 4.16 410 0.06
Sr ug/L 52 53 SS 53 2
Zn pg/L 0.3 <0.2 <0.2 <0.2 <0.2
LANDER'S FORK
SITE "LC", ON 3/8/98

C-4.8
Sample name LC-1 LC-2 LC-3 Mean Std. Dev.
Sample date and approx. time 3/8/98, 12:30 3/8/98,12:30 3/8/98, 12:30

Units

pH pH scale {7.8 7.8 7.8 7.8 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm [ (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 5.1 S 5.0 S.1 0.1
Air temp deg. C 0 04 0.1 0.4 (V8]
Inorganic carbon mg/L 335 33.8 34.5 34.0 0.5
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (NA) (NA) (NA) (NA) (NA)
Sulfate mg/L (NA) (NA) (NA) (NA) (NA)
As ug/L 1.0 1.0 1.0 1.0 0.0
Ba ng/L 268 268 269 268.5 0.2
Ca mg/L 32.55 33.22 33.17 33.0 0.4
Cr ug/L (<1) (<1) (<1) (<71) (<1)
Cu ng/L (<0.8) (<0.8) (<0.8) (<0.8) (<0.8)
Fe ug/L (<5) (<5) (<5) (<5) (<5)
K mg/L 0.60 0.58 0.58 0.59 0.01
Li ng/L 2.2 2.2 2.2 2.2 0.0
Mg mg/L 12.85 12.98 12.91 12.9 0.1
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.25 0.93 1.10 1.1 0.2
S mg/L 1.19 1.15 1.17 1.2 0.0
Si mg/L 416 4.09 4.12 4.1 0.0
Sr pg/L 57 58 58 57.5 0.7
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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Ground water seep at L ANDER'S FORK C Site
"LC Seep™, ON 11/16/97

APPENDIX C-4

C-4.9

Sample Name LC Seep LC Seep Field Dup.
Sample date, approx. time 11/16/97,12:00 11/16/97,12:00
Units

pH pH scale 7.4 7.4
Diss. oxygen mg/L 8 9
Spec. Cond. mS/cm 0.29 0.29
Water temp. deg. C 6.6 6.6
Air temp deg. C 0.4 0.4
Inorganic carbon mg/L 37.9 38.4
Organic carbon mg/L (<1) (<1)
£ mg/L 0.05 0.05
Sulfate mg/L 3.27 3.25
As ug/L 0.9 0.9
Ba ug/L 311 310
Ca mg/L 37.19 37.16
Cr ug/L 1.2 1.1
Cu ng/L (<0.3) (<0.3)
Fe pug/L 7 7
K mg/L 0.64 0.64
Li ug/L 2.8 2.8
Mg mg/L 13.60 13.58
Mn ug/L (<0.3) (<0.3)
Na mg/L 1.39 1.39
S mg/L 1.25 1.24
Si mg/L 5.13 5.12
Sr pg/L 65 65
Zn ug/L 0.3 0.3
Ground water seep at LANDER'S FORK C Site
"LC Seep™, ON 1/6/98

C-4.10
Sample name LC Seep LC Seep F.Dup
Sample date, approx. time 1/6/98, 13:00 1/6/98, 13:00

Units

pH pHscale }7.4 7.4
Diss. oxygen mg/L 13 14
Spec. Cond. mS/cm 0.29 0.29
Water temp. deg. C 5.3 5.3
Air temp deg. C 0.6 0.6
Inorganic carbon mg/L 35.6 38.
Organic carbon mg/L (<1) (<1)
F mg/L 0.05 0.05
Sulfate mg/L 3.6 3.6
As ug/L 0.9 0.9
Ba ug/L 282 281
Ca mg/L 35.44 35.78
Cr ug/L 1.3 1.1
Cu ug’/L (<0.3) (<0.3)
Fe ug/L 6 6
K mg/L 0.60 0.59
Li ug/L 2.7 2.7
Mg mg/L 12.87 12.92
Mn ug/L (<0.3) (<0.3)
Na mg/L 1.10 1.06
s mg/L 1.15 114
Si mg/L 4.81 4.83
Sr ug/L 62 61
Zn ug/L 1.6 1.0
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Ground water seep at LANDER'S FORK C Site
"LC Seep”, ON 3/8/98

APPENDIX C-4

C-4.11
Sample Name LC Seep LC Seep Field Dup.
Sample date, approx. time 3/8/98 3/8/98

Units

pH pH scale 7.4 7.47
Diss. oxygen mg/L 6.7 6.9
Spec. Cond. mS/cm 0.26 0.27
Water temp. deg. C 4.4 4.4
Air temp deg. C 8 8.1
Inorganic carbon mg/L 35.8 35.8
Organic carbon mg/L (<1) (<1)
F mg/L (NA) (NA)
Sulfate mg/L (NA) (NA)
As ug/L 0.9 1.0
Ba ug/L 283 281
Ca mg/L 35.01 35.40
Cr ng/L (<1) (<1)
Cu ng/L (<0.8) (<0.8)
Fe ug/L (<5) (<5)
K mg/L 0.64 0.62
Li ng/L 2.6 2.6
Mg mg/L 13.42 13.40
Mn ng/L (<0.3) (<0.3)
Na mg/L 1.01 0.97
S mg/L 1.18 1.15
Si mg/L 4.67 4.61
Sr ng/L 63 62
Zn ug/L (<0.2) (<0.2)




LANDER'S FORK Hyporheic zone samples: Sampler 1 (East bank)
SITE "LC-HZ1", ON 10/19/97

APPENDIX C-4

C-4.13
field duplicate
Sample name LC-HZ1 LC-HZ1 LC-HZ1 LC-HZ1 LC-HZ1 LC-HZ1
Sample depth Scm 15cm 15cm 35cm 55cm 80cm
Sample date 10/19/97 10/19/97 10/19/97 10/19/97  10/19/97  10/19/97
. Units
pH pH scale }8.3 8.3 8.3 8.3 8.3 8.3
Diss. oxygen mg/L 12 10 10 9 10 9
Spec. Cond. mS/cm  |not meas. not meas. not meas. not meas. not meas. not meas.
Water temp. deg. C 7.8 7.4 7.3 7.3 7.9 7.4
Air temp deg. C not meas. not meas. not meas. not meas. not meas. not meas.
Inorganic carbon mg/| 35.3 34.7 34.9 34.7 34.7 34.8
Organic carbon mg/l (<1) (<1) (<1) (<1) (<1) (<1)
F mg/| (<0.08) (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/| 3.02 3.01 2.99 3.02 3.04 3.01
As ug/I 0.5 0.5 0.5 0.5 0.5 0.5
Ba ug/| 287 285 282 284 287 283
Ca mg/| 37.92 37.44 36.82 36.61 36.92 36.59
Cr ug/I| (<1) (<1) (<1) (<1) (<1) (<1)
Cu ug/! (<0.3) (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/| 7 7 7 7 7 7
K mg/| 0.53 0.53 0.52 0.54 0.54 0.54
Li ug/| 2.5 2.5 2.5 2.5 2.5 2.5
Mg mg/| 12.59 12.52 12.50 12.37 12.41 12.48
Mn ug/1 (<0.3) (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/| 1.41 1.37 1.36 1.36 1.36 1.38
S mg/I 1.17 1.18 1.17 1.18 1.2% 1.19
Si mg/| 4.17 4.17 4.14 4.14 4.18 4.13
Sr ug/l 5S4 53 53 53 53 52
Zn ug/! (<0.2) (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
LANDER'S FORK Hyporheic zone samples: Sampler 2 (West bank)
SITE "LC-HZ2", ON 10/19/97
C-4.14
field duplicate
Sample name LC-HZ2 LC-HZ2 LC-HZ2 LC-HZ2 LC-HZ2 LC-HZ2
Sample depth 10cm 20cm 40cm 60cm 60cm 82cm
Sample date 10/19/97 10/19/97 10/19/97 10/19/97 10/19/97 10/19/97
Units
pH pH scale |8.4 8.4 8.4 8.4 8.4 8.4
Diss. oxygen mg/L 12 10 9 10 9 9
Spec. Cond. mS/cm  |not meas. not meas. not meas. not meas. not meas.  not meas.
Water temp. deg. C not meas. not meas. not meas. not meas. 8.5 not meas.
Air temp deg. C not meas. not meas. ° not meas. not meas. not meas. not meas.
Inorganic carbon mg/L 34.8 34.6 34.7 34.8 34.7 34.8
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.05 3.04 3.02 3.02 3.02 3.05
As ug/L 0.5 0.6 0.5 0.5 0.5 0.5
Ba ug/L 280 279 281 283 279 277
Ca mg/L 37.09 36.90 36.29 37.03 36.71 37.14
Cr ug/L (<1) (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 6 7 7 7 7
K mg/L 0.53 0.53 0.53 0.53 0.53 0.52
Li ug/L 2.5 2.5 2.5 2.5 2.5 2.5
Mg mg/L 12.64 12.52 12.39 12.53 12.48 12.61
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 1.50 1.41 1.35 1.44 1.42 1.45
S mg/L 1.18 1.16 1.18 1.18 1.17 1.15
Si mg/L  |4.15 4.12 41 4.16 4.11 412
Sr ug/L 52 52 52 53 LY4 52
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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APPENDIX C-5

LANDER'S FORK
SITE "LD", ON 7/20/97
C-5.1

Sample name LD-1 LD-2 LD-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,14:00 7/20/97,14:00 7/20/97,14:00

Units
pH pH scale ]8.4 8.4 8.4 8.4 0.0
Diss. oxygen mg/L 9.3 9.3 9.3 9.3 0.0
Spec. Cond. mS/cm 0.22 0.22 0.22 0.2 0.0
Water temp. deg. C 10.8 10.8 10.8 10.8 0.0
Air temp deg. C 23.0 23.0 23.0 23.0 0.0
Inorganic carbon {mg/L 29.2 30.1 30.0 29.8 0.5
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 2.92 2.55 2.64 2.7 0.2
As ng/L 0.6 0.6 0.6 0.6 0.0
Ba ng/L 195 196 197 196 1
Ca mg/L 28.01 27.82 27.96 27.93 0.10
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe pg/L 6 6 6 6 (0]
K mg/L 0.39 0.39 0.39 0.39 0.00
Li ng/L 1.8 1.8 1.8 1.8 0.0
Mg mg/L 10.26 10.29 10.23 10.26 0.03
Mn ng/L 0.6 0.6 0.6 0.6 0.0
Na mg/L 0.75 0.61 0.69 0.68 0.07
S mg/L 0.88 0.87 0.89 0.88 0.01
Si mg/L 3.17 3.16 3.17 3.16 0.00
Sr ug/L 43 43 43 43 0
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
LANDER'S FORK
SITE “LD", ON 8/7/97

C-5.2

Sample name LD-1 LD-2 LD-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,15:00 8/7/97, 15:00 8/7/97, 15:00

Units
pH pH scale [8.5 8.5 8.5 8.5 0.0
Diss. oxygen mg/L 10.1 101 1041 10.1 0.0
Spec. Cond. mS/cm 0.26 0.26 0.26 0.3 0.0
Water temp. deg. C 13.9 13.9 13.9 13.9 0.0
Air temp deg. C 28.6 28.6 28.6 28.6 0.0
Inorganic carbon {mg/L 32.3 32.2 31.5 32.0 0.4
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.0 3.0 2.9 3.0 0.0
As ng’/L 0.5 0.5 0.5 0.5 0.0
Ba pg/L 236 234 234 23S 1
Ca mg/L 33.01 32.81 32.75 32.86 0.14
Cr ng/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 7 7 7 7 0
K mg/L 0.45 0.45 0.45 0.45 0.00
Li pg/L 2.2 2.2 2.2 2.2 0.0
Mg mg/L 11.86 11.81 11.82 11.83 0.03
Mn ug’/L 0.5 0.5 0.5 0.5 0.0
Na mg/L 0.79 0.88 0.81 0.83 0.05
S mg/L 0.96 0.96 0.95 0.96 0.01
Si mg/L 3.55 3.52 3.53 3.53 0.02
Sr ng/L S0 49 S0 S0 0
Zn pg/L 0.4 0.5 1.3 0.7 0.5
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APPENDIX C-5

LANDER'S FORK
SITE “LD", ON 9/14/97

C-5.3
Sample name LD-1 LD-2 LD-3 Mean Std. Dev.
Sample date, approx. time 9/14/97,11:30  9/14/97,11:30 9/14/97, 11:30

Units

pH pH scale 8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 9.8 9.8 9.8 9.8 0.0
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 34.4 34.0 33.7 34.0 0.4
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L {<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.01 3.01 3.09 3.03 0.04
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 300 290 297 296 5
Ca mg/L 36.33 37.08 36.46 36.62 0.40
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L S 6 5 5 0
K mg/L 0.57 0.55 0.56 0.56 0.01
Li ug/L 2.6 2.5 2.7 2.6 0.1
Mg mg/L 12.87 12.77 12.91 12.85 0.07
Mn ug/L 0.3 0.3 0.3 0.3 0.0
Na mg/L 1.00 1.29 1.00 1.10 0.17
S mg/L 1.55 1.37 1.53 1.48 0.10
Si mg/L 4.16 4.19 4.15 417 0.02
Sr ug/L 58 56 58 57 1
Zn pg/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
LANDER'S FORK
SITE "LD", ON 11/16/97

C-5.4
Sample Name LD-1 LD-2 LD-3 Mean Std. Dev.
Sample date, approx. time 11/16/97,17:30 11/16/97,17:30 11/16/97,17:30

Units

pH pH scale 8.0 8.0 8.0 8.0 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm 0.27 0.28 0.27 0.27 0.01
Water temp. deg. C 5.5 5.5 S.5 5.5 0.0
Air temp deg. C 1.0 1.0 1.0 1.0 0.0
Inorganic carbon mg/L 348 34.5 34.7 34.7 0.2
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 3.01 3.01 2.98 3.00 0.02
As ng/L 0.7 0.7 0.6 0.7 0.0
Ba ug/L 266 263 267 265 2
Ca mg/L 34.25 34.33 33.75 34.11 0.32
cr ug/L 1.1 1.0 1.1 1.1 0.1
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/L 6 6 6 6 0
K mg/L 0.54 0.53 0.54 0.54 0.01
Li ug/L 2.3 2.3 2.3 2.3 0.0
Mg mg/L 12.84 12.79 12.71 12.78 0.07
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.94 1.20 0.95 1.03 0.15
S mg/L 1.09 1.09 1.10 1.09 0.01
Si mg/L 4.10 4.08 4.07 4.08 0.01
Sr ug/L 56 56 56 56 0
Zn ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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APPENDIX C-5

LANDER'S FORK
SITE "LD", ON 1/6/98

C-5.5
Sample Name LD-1 LD-1 LD-1 Mean Std. Dev.
Sample date, approx. time 1/6/98,17:30 1/6/98, 17:30 1/6/98,17:30

Units

pH pH scale 8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm 0.27 0.27 0.27 0.27 0.00
Water temp. deg. C (NA) (NA) (NA) (NA) (NA)
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 33.6 34.0 33.0 33.5 0.5
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L 0.05 0.05 0.05 0.05 0.00
Sulfate mg/L 3.4 3.4 3.3 3.4 0.1
As ng/L 0.7 0.8 0.7 0.7 0.0
Ba ug/L 262 260 261 261 1
Ca mg/L 32.10 32.11 32.83 32.35 0.42
Cr ug/L 1.4 1.3 1.3 1.3 0.1
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 6 6 6 6 0
K mg/L 0.53 0.53 0.53 0.53 0.00
Li ug/L 2.2 2.2 2.3 2.2 0.0
Mg mg/L 12.03 12.00 12.32 1212 0.18
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.97 0.95 1.19 1.04 013
S mg/L 1.13 1.12 1.10 1.11 0.02
Si mg/L 4.06 4.07 4.06 4.06 0.01
Sr ng/L 55 55 56 55 0
Zn pg/L 0.2 0.3 (<2) (<2} (<2)
LANDER'S FORK
SITE "LD", ON 3/8/98

C-5.6
Sample Name LD-1 LD-1 LD-1 Mean Std. Dev.
Sample date, approx. time 3/8/98, 16:45 3/8/98, 16:45 3/8/98, 16:45

Units

pH pH scale 8.0 8.0 8.0 8.0 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 5.1 5.1 5.2 5.1 0.1
Air temp deg.C -2.1 -1.8 -2 -2.0 0.2
Inorganic carbon mg/L 33.6 34.0 334 33.7 0.3
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (NA) (NA) (NA) (NA) (NA)
Sulfate mg/L (NA) (NA) (NA) (NA) (NA)
As ug/L 1.0 0.9 0.9 0.9 0.0
Ba ug/L 265 268 262 265.0 265.1
Ca mg/L 33.20 33.36 32.91 33.2 331
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L (<0.8) (<0.8) (<0.8) (<0.8) (<0.8)
Fe ng/L (<5) (<5) (<S) (<5) (<S)
K mg/L 0.58 0.59 0.58 0.6 0.6
Li ng/L 2.2 2.2 2.2 2.2 2.2
Mg mg/L 12.96 12.99 12.85 12.9 12.9
Mn ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Na mg/L 0.99 0.75 0.90 0.9 0.8
S mg/L 1.17 1.15 1.12 1.1 1.1
Si mg/L 4.04 4.08 4.01 4.0 4.0
Sr ug/L 58 58 57 57.6 57.5
n ug/L (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
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HOGUM CREEK- AT HOGUM CREEK BRIDGE
SITE "HC", ON 11/18/97

APPENDIX C-6

C-6.1

Sample name HC-1 HC-2 HC-3 Mean Std. Dev.
Sample date, approx. time 11/18/97,16:00 11/18/97,16:00 11/18/97,16:00

Units
pH pHscale |7.5 7.5 7.6 7.6 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS$/cm 0.18 0.7 0.18 0.18 0.01
Water temp. deg. C 0.0 0.0 0.0 0.0 0.0
Air temp deg. C -1.4 -1.4 -1.4 -1.4 0.0
Inorganic carbon mg/L 23.3 23.1 23.2 23.2 0.1
Organic carbon mg/L 1.6 1.9 1.8 1.8 0.2
F mg/L 0.11 0.11 0.11 0.11 0.00
Sulfate mg/L 7.99 8.08 8.06 8.04 0.04
As ng/L 0.3 0.2 0.3 0.3 0.0
Ba ug/L 146 148 146 147 1
Ca mg/L 21.92 22.01 22.19 22.04 0.14
Cr ug/L 1. 1.1 1.0 11 0.0
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ng/L 68 65 68 67 2
K mg/L 0.84 0.84 0.84 0.84 0.00
Li ug/L 4.4 4.4 4.4 4.4 0.0
Mg mg/L 7.71 7.72 7.77 7.73 0.03
Mn ug/L 20.6 20.6 20.7 20.6 0.4
Na mg/L 5.48 5.56 5.53 5.52 0.04
S mg/L 2.75 2.77 2.72 2.75 0.02
Si mg/L 8.69 8.74 8.72 8.72 0.03
Sr ug/L 433 436 435 435 1
Zn ug/L (<8) (<8) (<8) (<8) (<8)
HOGUM CREEK- AT HOGUM CREEK BRIDGE
SITE "HC", ON 1/6/98

C-6.2

Sample name HC-1 HC-2 HC-3 Mean Std. Dev.
Sample date, approx. time 1/6/98, 14:30 1/6/98, 14:30 1/6/98, 14:30

Units
pH pH scale |7.6 7.6 7.6 7.6 0.0
Diss. oxygen mg/L 12.0-13.0 12.0-13.0
Spec. Cond. mS/cm 0.20 0.20 0.20 0.20 0.00
Water temp. deg.C 0.0 0.0 0.0 0.0 0.0
Air temp deg. C -0.9 -0.9 -0.9 -0.9 0.0
Inorganic carbon mg/L 28.8 29.0 29.8 29.2 0.6
Organic carbon mg/L 1.4 1.5 1.5 1.5 0.1
F mg/L 0.12 0.12 0.12 0.12 0.00
Sulfate mg/L 10.10 10.10 10.10 10.10 0.00
As ug/L 0.2 0.3 0.3 0.2 0.0
Ba ug/L 140 141 140 141 1
Ca mg/L 22.02 21.92 21.73 21.89 0.15
cr ng/L 1.3 1.3 1.3 1.3 0.0
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 56 56 58 56 1
K mg/L 0.78 0.77 0.77 0.77 0.00
Li ug/L 4.6 4.4 45 4.5 0.1
Mg mg/L 7.67 7.62 7.55 7.61 0.06
Mn ug/L 16.4 16.4 16.3 16.3 0.1
Na mg/L 5.30 5.33 5.37 5.33 0.03
S mg/L 2.91 2.96 2.93 2.93 0.03
Si mg/L 8.04 8.04 7.98 8.02 0.03
Sr ug/L 436 438 434 436 2
Zn pg/L (<8) (<8) (<8) (<8) (<8)
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BLACKFOOT RIVER- FUTHEST UPSTREAM SITE

SITE "BA™, ON 7/4/97

APPENDIX C-7

Cc-7.1
Sample name BA-1 BA-2 BA-3 Mean Std. Dev.
Sample date, approx. time 7/4/97,12:00 7/4/97,12:00 7/4/97,12:00

Units

pH pH scale [8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L 8.7 8.7 8.7 8.7 0.0
Spec. Cond. mS/cm 0.20 0.20 0.20 0.20 0.00
Water temp. deg.C 131 131 13.1 13.1 0.0
Air temp deg. C 23.0 23.0 23.0 23.0 0.0
Inorganic carbon mg/L 20.4 20.3 20.5 20.4 0.1
Organic carbon mg/L 1.8 1.6 1.4 1.6 0.2
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.82 10.85 10.82 10.83 0.02
As ug/L 0.4 0.4 0.4 0.4 0.0
Ba ug/L 201 200 195 198 3
Ca mg/L 22.3 22.62 22.19 22.37 0.22
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.8 0.9 0.8 0.8 0.0
Fe ng/L 40 43 44 43 2
K mg/L 0.62 0.61 0.60 0.61 0.01
Li ug/L 1.8 1.8 1.8 1.8 0.0
Mg mg/L 9.62 9.72 9.64 9.66 0.05
Mn ug/L 7.4 7.5 7.3 7.4 0.1
Na mg/L 1.66 1.78 1.73 1.72 0.06
S mg/L 3.95 3.97 3.87 3.93 0.05
Si mg/L 5.62 5.66 5.58 5.62 0.04
Sr ng/L 76 77 75 76 1
Zn /L 25.3 27.7 29.0 27.3 1.9
BLACKFOOT RIVER- FURTHEST UPSTREAM SITE
SITE "BA", ON 7/20/97

Cc-7.2
Sample name BA-1 BA-2 BA-3 Mean Std. Dev.
Sample date, Approx. time 7/20/97,08:00 7/20/97,08:007/20/97, 08:00

Units

pH pH scale |7.6 7.6 7.6 7.6 0.0
Diss. oxygen mg/L 8.7 8.7 8.7 8.7 0.0
Spec. Cond. mS/cm 0.20 0.20 0.20 0.20 0.0
Water temp. deg. C 11.4 11.4 11.4 11.4 0.0
Air temp deg.C 11.7 11.7 1.7 11.7 0.0
Inorganic carbon mg/L 22.8 22.8 22.8 22.8 0.0
Organic carbon mg/L 1.6 1.6 1.6 1.6 0.0
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.78 10.73 10.76 10.8 0.0
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 202 203 201 202 1.1
Ca mg/L 21.11 21.38 20.97 21.15 0.21
Cr ug’/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 1.0 0.9 0.9 0.9 0.0
Fe ug’/L S8 56 57 57 1
K mg/L 0.77 0.76 0.76 0.76 0.01
Li ng/L 1.9 1.9 1.8 1.9 0.0
Mg mg/L 9.74 9.81 9.66 9.74 0.08
Mn ug’/L 9.7 9.8 9.6 9.7 0.1
Na mg/L 2.03 1.77 1.79 1.86 0.14
S mg/L 4.28 4.27 4.20 4.25 0.04
Si mg/L 5.85 5.89 5.80 5.84 0.04
Sr ug/L 84 85 84 85 1
Zn pg/L 29.4 29.7 30.4 29.9 0.5
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BLACKFOOT RIVER- FURTHEST UPSTREAM SITE

SITE "BA", ON 8/8/97

APPENDIX C-7

Cc-7.3

Sample name BA-1 BA-2 BA-3 Mean Std. Dev.
Sample date, approx. time 8/8/97,08:00 8/8/97,08:00 8/8/97, 08:00

Units
pH pH scale 8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm 0.24 0.24 0.24 0.24 0.00
Water temp. deg.C 101 10.1 10.1 109 0.00
Air temp deg. C 11.5 11.5 11.5 11.5 0.00
Inorganic carbon mg/L 26.3 26.2 26.5 26.3 0.2
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
Fluoride mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.61 10.54 10.66 10.60 0.06
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ng/L 231 231 229 231 1
Ca mg/L 25.83 25.53 25.46 25.61 0.20
cr ug/L (<1) 1.1 (<1) (<1) (<1)
Cu ug/L 0.7 0.7 0.6 0.7 0.0
Fe ug/L 42 42 40 41 1
K mg/L 0.75 0.74 0.73 0.74 0.01
Li ng/L 2.3 2.3 2.2 2.3 0.0
Mg mg/L 11.60 11.50 11.51 11.54 0.06
Mn ng/L 5.0 4.9 4.8 4.9 0.
Na mg/L 2.21 2.21 2.18 2.20 0.02
S mg/L 3.95 4.03 3.93 3.97 0.05
Si mg/L 6.33 6.36 6.29 6.33 0.04
Sr ug/L 97 98 96 97 1
Zn ug/L 111 8.2 8.8 9.4 1.5
BLACKFOOT RIVER- FURTHEST UPSTREAM SITE
SITE "BA", ON 9/13/97

C-7.4

Sample name BA-1 BA-2 BA-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,16:30 9/13/97,16:30 9/13/97, 16:30

Units
pH pH scale 8.3. 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.7 9.8 9.7 9.7 0.1
Spec. Cond. mS/em (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 13.3 13.3 13.3 13.3 0.0
Air temp deg.C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 29.1 28.0 28.7 28.6 0.6
Organic carbon mg/L 1.0 1.0 1.1 28.6 0.6
F mg/L 0.07 0.07 0.07 0.07 0.00
Sulfate mg/L 14.6 14.7 147 14.7 0.1
As ug/L 0.4 0.3 0.3 0.3 0.0
Ba ug/L 279 274 275 276 3
Ca mg/L 28.50 29.35 29.03 28.96 0.43
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L 0.6 0.3 0.4 0.4 0.1
Fe ug/L 32 34 33 33 1
K mg/L 0.93 0.91 0.92 0.92 0.01
L ug/L 2.6 2.7 2.6 2.6 0.0
Mg mg/L 12.57 12.86 12.76 12.73 0.5
Mn ug/L 4.2 4.3 4.2 4.2 0.1
Na mg/L 2.83 2.67 2.72 2.74 0.08
S mg/L 6.08 5.79 5.91 5.92 0.14
Si mg/L 7.00 7.02 7.02 7.01 0.01
Sr ug/L 116 "116 116 116 0
Zn ug/L (<8) (<8) (<8) (<8) (<8)
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Appendix C-8
BLACKFOOT RIVER AT HOGUM CREEK ROAD
SITE "BH", ON 7/4/97

C-8.1
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, time 7/4/97,09:00 7/4/97,09:00 7/4/97,09:00

Units

pH pH scale [8.2 8.2 8.2 8.2 0.0
Diss. oxygen mg/L 9.1 9.1 9.1 9.1 0.0
Spec. Cond. mS/cm  10.20 0.20 0.20 0.20 0.00
Water temp. deg. C 12.2 12.2 12.2 12.2 0.0
Air temp deg. C 18.3 18.3 18.3 18.3 0.0
Inorganic carbon mg/L 20.2 20.2 20.2 20.2 0.0
Organic carbon mg/L 1.6 1.4 1.6 1.5 0.1
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.83 10.79 10.80 10.81 0.02
As ng/L 0.4 0.4 0.3 0.4 0.0
Ba ug/L 207 201 208 205 4
Ca mg/L 23.66 22.66 23.66 23.33 0.58
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.8 0.9 0.8 0.8 0.0
Fe ng/L 44 . 43 42 43 1
K mg/L 0.63 0.61 0.61 0.62 0.00
Li ug/L 1.9 1.8 1.9 1.9 0.0
Mg mg/L 10.04 9.70 9.95 9.90 017
Mn ug/L 7.1 6.8 7.0 6.9 0.2
Na mg/L 1.74 1.80° 1.61 1.72 0.10
S mg/L 4.06 3.98 4.06 4.03 0.05
Si mg/L 5.87 5.66 5.84 5.79 0.11
Sr ug/L 80 78 80 79 1
Zn ug/L 28.4 20.4 28.2 25.7 4.5
BLACKFOOT RIVER AT HOGUM CREEK ROAD
SITE "BH" ON 7/20/97

Cc-8.2
Sample name BH-1 BH-2 BH-3 |Mean Std. Dev.
Sample date, approx. time 7/20/97,09:30 7/20/97,09:30 7/20/97, 09:30

Units

pH pH scale |7.9 7.9 7.9 7.9 0.0
Diss. oxygen mg/L 8.8 8.8 8.8 8.8 0.0
Spec. Cond. mS/ecm  ]0.20 0.20 0.20 0.20 0.00
Water temp. deg. C 11.7 1M.7 11.7 1.7 0.0
Air temp deg. C 15.0 15.0 15.0 15.0 0.0
Inorganic carbon mg/L 22.8 22.8 22.8 22.8 0.0
Organic carbon mg/L 1.7 1.5 1.6 1.6 0.1
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.77 10.82 10.87 10.82 0.05
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 204 202 201 202 2
Ca mg/L 21.45 21.38 21.42 21.42 0.04
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 1.0 1.0 1.0 1.0 0.0
Fe ug/L 67 69 64 67 3
K mg/L 0.77 0.77 0.75 0.76 0.01
Li ug/L 1.9 1.9 1.8 1.9 0.0
Mg mg/L 9.88 9.85 9.85 9.86 0.02
Mn ug/L 9.5 9.5 9.5 9.5 0.0
Na mg/L 1.93 1.74 1.78 1.81 0.10
S mg/L 4.42 4.31 4.32 435S 0.06
Si mg/L 5.95 S.88 5.88 5.90 0.04
Sr ug/L 86 85 85 85 1
In ug/L 19.7 27.5 15.6 21.0 6.1
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BLACKFOOT RIVER AT HOGUM CREEK ROAD

SITE "BH", ON 8/8/97

APPENDIX C-8

C-8.3
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, approx. time 8/8/97,09:00 8/8/97,09:00 8/8/97, 09:00

Units

pH pH scale 8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm 0.24 0.24 0.24 0.24 0.00
Water temp. deg. C 10.9 10.9 10.9 10.9 0.0
Air temp deg. C 15.3 15.3 15.3 15.3 0.0
Inorganic carbon mg/L 26.2 26.0 26.1 26.1 0.1
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05)  (<0.05)
Sulfate mg/tL 10.51 10.48 10.48 10.49 0.01
As ng/L 0.4 0.4 0.4 0.4 0.0
Ba ug/L 237 234 233 234 2
Ca mg/L 25.82 25.71 26.02 25.85 0.16
Cr ug/L 1.1 1.0 (<1) (<1) (<1)
Cu ug/L 0.6 0.6 0.6 0.6 0.0
Fe ng/L 40 40 42 40 1
K mg/L 0.74 0.74 0.74 0.74 0.00
Li ug/L 2.3 2.3 2.3 2.3 0.0
Mg mg/L 11.54 11.58 11.64 11.59 0.05
Mn ug/L 3.6 3.6 3.6 3.6 0.0
Na mg/L 217 2.15 2.20 2.17 0.02
S mg/L 4.09 4.00 3.98 4.02 0.06
Si mg/L 6.39 6.35 6.36 6.37 0.02
Sr ug/L 29 98 99 929 1
Zn pg/L (<8) (<8) (<8) (<8) (<8)
BLACKFOOT RIVER AT HOGUM CREEK ROAD
SITE "BH", ON 9/13/97

C-8.4
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, approx. time 9/13/97,17:30 9/13/97,17:30 9/13/97,17:30

Units

pH pH scale 8.3 8.2 8.3 8.3 0.0
Diss. oxygen mg/L 10.2 10.3 10.1 10.2 0.1
Spec. Cond. mS/cm (NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 13.8 13.8 13.8 13.8 0.0
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 28.5 26.7 26.9 27.4 1.0
Organic carbon mg/L 1.2 1.1 1. 1.1 0.1
F mg/L 0.07 0.07 0.07 0.07 0.00
Sulfate mg/L 14.54 14.50 14.57 14.53 0.04
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 275 271 263 270 6
Ca mg/L 29.38 29.13 28.38 28.96 0.52
Cr nug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.5 0.4 0.5 0.5 0.1
Fe ng/L 30 31 31 31 0
K mg/L 0.91 0.91 0.89 0.91 0.01
Li ug/L 2.7 2.6 2.6 2.6 0.0
Mg mg/L 12.89 12.77 12.65 12.77 0.12
Mn ug/L 3.0 3.0 2.8 2.9 0.1
Na mg/L 2.88 2.81 3.00 2.90 0.10
S mg/L 5.90 5.81 5.60 5.77 0.15
Si mg/L 7.04 6.96 6.93 6.98 0.06
Sr ug/L 116 115 107 113 5
Zn ug/L (<8) (<8) (<8) (<8) (<8)
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BLACKFOOT RIVER AT HOGUM CREEK ROAD
SITE "BH", ON 11/18/97

APPENDIX C-8

C-8.5
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, approx. time 11/18/97,17:00 11/18/97,17:00 11/18/97,17:00

Units

pH pH scale (8.0 8.0 8.0 8.0 0.0
Diss. oxygen mg/L 12.8 12.7 12.5 12.7 0.2
Spec. Cond. mS/em 0.25 0.25 0.25 0.3 0.0
Water temp. deg. C (NA) (NA) (NA) (NA) (NA)
Air temp deg. C -1.4 -1.4 -1.4 -1.4 0.0
inorganic carbon mg/L 27.6 27.3 27.3 27.4 0.2
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
Fluoride mg/L 0.06 0.06 0.06 0.06 0.00
Sulfate mg/L 15.19 15.23 15.34 15.26 0.08
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 229 230 230 229 1
Ca mg/L 26.82 27.00 26.91 26.91 0.09
Cr ug/L 1.2 1.3 1.3 1.2 0.1
Cu ng/L 0.3 0.3 0.3 0.3 0.0
Fe ug/L 16 16 16 16 0
K mg/L 0.84 0.83 0.83 0.84 0.01
Li ug/L 241 2.2 2.1 2.1 0.0
Mg mg/L 12.55 12.57 12.60 12.57 0.03
Mn pg/L 3.4 3.4 3.5 3.4 0.0
Na mg/L 2.32 2.43 2.41 2.39 0.06
S mg/L 5.43 S.46 5.49 5.46 0.03
Si mg/L 6.55 6.57 6.59 6.57 0.02
Sr ug/L 106 106 106 106 0
Zn pg/L 9.5 (<8) (<8) (<8) (<8)
BLACKFOOT RIVER AT HOGUM CREEK ROAD
SITE "BH", ON 1/6/98

C-8.6
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, approx. time 1/6/98, 15:00 1/6/98, 15:00 1/6/98, 15:00

Units

pH pH scale [8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L 18.0-19.0 18.0-19.0
Spec. Cond. mS/cm  10.24 0.24 0.25 0.24 0.01
Water temp. deg. C 0.0 0.0 0.0 0.0 0.0
Air temp deg. C -1.7 -1.7 -1.7 -1.7 0.0
Inorganic carbon mg/L 27.3 26.7 26.7 26.9 0.3
Organic carbon mg/L (<1) 1.2 (<1) (<1) (<1)
Fluoride mg/L 0.05 0.07 0.07 0.06 0.01
Suifate mg/L 14.10 14.00 14.10 14.07 0.06
As ug/L 0.3 0.3 0.4 0.3 0.0
Ba ug/L 210 217 222 216 6
Ca mg/L 25.40 26.12 26.66 26.06 0.63
Cr ug/L 1.3 1.5 1.4 1.4 0.1
Cu ug/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 12 11 12 12 0
K mg/L 0.75 0.78 0.80 0.78 0.02
Li ug/L 2.1 2.1 2.1 2.1 0.0
Mg mg/L 11.86 12.13 12.38 12.12 0.26
Mn ng/L 2.5 2.6 2.7 2.6 0.1
Na mg/L 2.24 2.22 2.34 2.27 0.07
S mg/L 4.24 431 421 4.25 0.05
Si mg/L 6.12 6.23 6.21 6.19 0.06
Sr ug/L 107 110 113 110 3
Zn pg/L (<8) (<8) (<8) (<8) (<8)
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BLACKFOOT RIVER AT HOGUM CREEK ROAD

SITE "BH", ON 3/8/98

APPENDIX C-8

C-8.7
Sample name BH-1 BH-2 BH-3 Mean Std. Dev.
Sample date, approx. time 3/8/98, 14:45 3/8/98, 14:45 3/8/98, 14:45

Units

pH pH scale |8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/cm  |(NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 0 0.1 0 0.0 0.1
Air temp deg. C -3.2 -3.3 -3.3 -3.3 0.1
Inorganic carbon mg/L 27.8 28.2 27.4 27.8 0.4
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
Fluoride mg/L (NA) (NA) (NA) (NA) (NA)
Sulfate mg/L (NA) (NA) (NA) (NA) (NA)
As ug/L 0.4 0.3 0.3 0.3 0.0
Ba ug/L 215 211 211 212.4 2.5
Ca mg/L 26.36 26.12 26.34 26.27 0.13
Cr ng/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.8) (<0.8) (<0.8) (<0.8) (<0.8)
Fe ng/L 8 8 8 8 0
K mg/L 0.86 0.85 0.83 0.85 0.02
Li ug/L 2 2.0 2.0 2.0 0.0
Mg mg/L 12.89 12.81 12.77 12.82 0.06
Mn ng/L 3.9 3.8 3.8 3.8 0.0
Na mg/L 2.13 2.13 2.24 2.16 0.07
S mg/L 4.37 4.32 4.27 4.32 0.05
Si mg/L 6.08 6.02 5.99 6.03 0.05
Sr ng/L 114 114 114 113.9 0.5
Zn ug/L (<0.2) 0.5 0.6 (<0.2) (<0.2)
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BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND

SITE "BB", ON 7/4/97

APPENDIX C-9

C-9.1
Sample name BB-1 B88-2 BB-3 Mean Std. Dev.
Sample date, approx. time 7/4/97,13:00 7/4/97,13:00 7/4/97,13:00

Units

pH pH scale {8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 8.4 8.4 8.4 8.4 0.0
'Spec. Cond. mS/cm  ]0.20 0.20 0.20 0.20 0.00
Water temp. deg.C }14.5 145 14.5 14.5 0.0
Air temp deg.C |19.3 19.3 19.3 19.3 0.0
Inorganic carbon mg/L 201 20.0 20.1 20.0 0.0
Organic carbon mg/L 1.4 1.7 1.3 1.5 0.2
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.45 10.50 10.48 10.48 0.02
As ug/L 0.6 0.6 0.5 0.6 0.0
Ba ug/L 190 190 178 186 7
Ca mg/L 21.80 21.71 20.86 21.46 0.52
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L 0.7 0.7 0.7 0.7 0.0
Fe ug/L 40 43 38 40 2
K mg/L 0.62 0.63 0.62 0.62 0.00
Li ug/L 2.0 2.1 2.1 2.1 0.0
Mg mg/L 9.36 9.31 9.34 9.34 0.03
Mn ug/L 5.8 5.9 5.7 S.8 0.1
Na mg/L 1.83 1.78 1.89 1.83 0.05
S mg/L 3.68 3.64 3.60 3.64 0.04
Si mg/L 5.865 5.82 5.67 5.78 0.10
Sr ng/L 93.81 94 88 | 92 3
Zn pg/L 13.5 22.0 11.2 15.6 5.7
BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND
SITE "BB", ON 7/20/97

Cc-9.2
Sample name 88-1 BB-2 BB-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,11:00 7/20/97,11:00 7/20/97,11:00

Units

pH pH scale |8.0 8.0 8.0 8.0 0.0
Diss. oxygen mg/L 8.9 8.9 8.9 8.9 0.0
Spec. Cond. mS/cm |0.20 0.20 0.20 0.20 0.00
Water temp. deg.C |12.1 12.1 1241 12.1 0.0
Air temp deg.C [18.9 189 18.9 18.9 0.0
Inorganic carbon mg/L 22.6 22.6 23.6 22.9 0.6
Organic carbon mg/L 1.7 1.6 1.7 1.7 0.1
Fluoride mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.68 10.62 10.574 10.626  0.05S
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 194 190 19N 192 2
Ca mg/L 20.85 20.60 20.61 20.69 0.14
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.9 0.9 0.8 0.9 0.0
Fe ug/L 66 60 52 59 7
K mg/L 0.76 0.74 0.75 0.75 0.01
Li ug/L 2.1 2.1 2.1 2.1 0.0
Mg mg/L 9.43 9.35 9.38 9.39 0.04
Mn ug/L 8.1 7.5 7.5 7.7 0.4
Na mg/L 1.97 2.07 1.95 2.0 0.1
S mg/L 4.08 4.01 4.04 4.04 0.04
Si mg/L 6.09 6.01 6.03 6.04 0.04
Sr ug/L 104 102 103 103 1
Zn ug/L 18.9 15.1 16.3 16.8 1.9
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BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND

SITE "BB", ON 8/7/97

APPENDIX C-9

C-9.3
Sample Name, Date BB-1 BB-2 BB-3 Mean Std. Dev.
Sample date, approx. time 8/7/97,17:00 8/7/97,17:00 8/7/97,17:00

Units

pH pH scale 8.3 8.3 8.3 8.3 0.0
Diss. oxygen mg/L 9.8 9.8 9.8 9.8 0.0
Spec. Cond. mS/cm |0.23 0.23 0.23 0.23 0.00
Water temp. deg.C [16.7 16.7 16.7 16.7 0.0
Air temp deg.C |15 1541 15 15.1 0.0
Inorgaruc carbon mg/L 25.3 25.3 25.4 25.3 0.1
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L {<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.13 10.06 10.21 10.13 0.07
As ng/L 0.4 0.4 0.4 0.4 0.0
Ba ug/L 226 229 220 2258 4
Ca mg/L 24.94 25.04 24.10 24.69 0.52
Cr pug/L (<1) 1.0 1.0 (<1) (<1)
Cu ug/L 0.5 0.6 0.6 0.6 0.4
Fe ug/L 42 44 41 42 T
K mg/L 0.79 0.79 0.79 0.79 0.00
Li ug/L 2.8 2.6 2.6 2.7 0.1
Mg mg/L 10.78 10.85 10.79 10.81 0.04
Mn ug/L 13.6 2.6 2.8 6.3 6.3
Na mg/L 2.38 2.30 2.24 2.31 0.07
S mg/L 3.74 3.82 3.68 3.75 0.07
Si mg/L 6.60 6.58 6.45 6.55 0.08
Sr pug/L 132 126 122 127 5
Zn /L (<8) (<8) (<8) (<8) (<8)
BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND
SITE "BB", ON 9/13/97

C-9.4
Sample name BB-1 BB-2 BB-3 Mean Std. Dev.
Sample date, approx, time 9/13/97,18:30 9/13/97,18:30 9/13/97,18:30

Units

pH pH scale {8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L 9.8 10.0 9.8 9.9 0.1
Spec. Cond. mS/cm | (NA) (NA) (NA) {NA) (NA)
Water temp. deg. C 13.6 13.6 13.6 13.6 0.0
Air temp deg.C [(NA) (NA) (NA) (NA) (NA),
Inorganic carbon mg/L 27.9 27.4 27.5 27.6 0.3
Organic carbon mg/L 1.1 1.0 1.2 27.6 0.3
F mg/L 0.07 0.07 0.07 0.07 0.00
Sulfate mg/L 14.04 14.11 14.03 14.06 0.04
As ng/L 0.4 0.4 0.4 0.4 0.0
8a ng/L 254 258 253 255 3
Ca mg/L 29.72 29.64 29.35 29.57 0.19
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.4 0.3 0.5 0.4 0.4
] ng/L 33 35 34 34 1
K mg/L 0.87 0.88 0.87 0.87 0.01
L ng/L 2.7 2.7 2.8 2.7 0.0
Mg mg/L  |12.01 12.11 12.09 12.07 0.5
Mn ug/L 1.6 1.7 1.7 1.7 0.0
Na mg/L 3.01 2.72 2.99 29N 0.16
S mg/L 4.97 5.07 4.98 5.00 0.06
Si mg/L 7.14 7.19 717 7.16 0.03
Sr ug/L 127 128 127 127 1
Zn 1g/L (<8) (<8) (<8) (<8) (<8)
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BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND

SITE "BB", ON 10/25/97

APPENDIX C-9

C-9.5

Sample name BB-1 BB-2 BB-3 Mean Std. Dev.
Sample date, approx. time 10/25/97,10:30 10/25/97,10:30 (no sample)

Units
pH at 10:30 pH scale 8.3 8.3 8.3 8.3 0.0
pH at 15:30 pH scale 8.1 8.1 8.2 8.1 0.0
Diss. oxygen mg/L 13.0 12.9 13.0 13.0 0.1
Spec. Cond. mS/cm 0.24 0.24 0.24 0.24 0.00
Water temp. at 10:30 deg. C 1.1 1.1 1.1 1.1 0.0
Water temp. at 15:30 deg. C 35 3.5 3.5 3.5 0.0
Air temp mg/L (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 27.5 28.3 (NA) 27.9 0.6
Organic carbon mg/L (<1) (<1) (NA) (<1) (<1)
F mg/L 0.7 0.7 (NA) 0.7 0.0
Sulfate ng/L 13.40 13.40 (NA) 13.40 0.00
As ug/L 0.3 0.3 (NA) 0.3 0.0
Ba mg/L 226 206 (NA) 216 14
Ca ug/L 27.70 25.12 (NA) 26.41 1.82
Cr ug/L (<1) (<1) (NA) (<1) (<1)
Cu ug/L (<0.3) (<0.3) (NA) (<0.3) (<0.3)
Fe mg/L 26 23 (NA) 25 2
K ng/L 0.74 0.67 (NA) 0.70 0.05
Li mg/L 2.4 2.3 (NA) 23 0.1
Mg ug/L 11.16 10.22 (NA) 10.69 0.66
Mn mg/L 2.2 2.0 (NA) 2.1 0.1
Na mg/L 2.56 2.43 (NA) 2.50 0.09
S mg/L 5.25 5.46 (NA) 5.35 0.14
Si ng/L 7.00 6.85 (NA) 6.92 o
Sr ug/L 112 102 (NA) 107 7
Zn ug/! (<8) (<8) (NA) (<8) (<8)
BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND
SITE “BB", ON 11/16/97

C-9.6

Sample name BB-1 BB-2 BB-3 Mean Std. Dev.
Sample date, approx, time 11/16/97,14:30 _11/16/97,14:30 11/16/97, 14:30

Units
pH pH scale 8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L 13.5-21.0 13.5-21.0
Spec. Cond. mS/cm 0.26 0.26 0.26 0.26 0.00
Water temp. deg. C 0. 0.1 0.1 0.1 0.0
Air temp deg. C 2.3 2.3 2.3 2.3 0.0
Inorganic carbon mg/L 29.0 29.5 28.5 29.0 0.5
Organic carbon mg/L 1.2 (<1) (<1) (<1) (<1)
F mg/L 0.07 0.07 0.07 0.07 0.00
Sulfate mg/L 15.65 15.72 15.84 15.74 0.10
As ug/L 0.4 0.3 0.3 0.3 0.0
Ba ug/L 233 232 228 231 3
Ca mg/L 28.07 28.05 28.52 28.21 0.27
Cr ug/L 1.2 1.2 1.1 1.2 0.1
Cu ug/L 0.4 0.3 0.3 0.3 0.1
Fe ng/L 15 15 14 15 0
K mg/L 0.9 0.91 0.90 0.90 0.01
Li ug/L 2.4 2.4 2.4 2.4 0.0
Mg mg/L 13.14 13.11 13.20 13.15 0.05
Mn ug/L 3.6 3.5 3.5 3.5 0.1
Na mg/L 2.69 2.57 2.82 2.69 0.12
S mg/L 5.67 5.59 5.48 5.58 0.10
Si mg/L 7.01 7.00 6.98 6.99 0.01
Sr ug/L 126 126 126 126 0
Zn ug/L (<8) (<8) (<8) (<8) (<8)

113




BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND- Hyporheic zone sampler 1
SITE "BB-HZ1%, ON 10/25/97

APPENDIX C-9

Cc-9.7
Sample name BB-HZ1 BB-HZ1 BB-HZ1 BB-HZ1 BB-HZ1
Sample depth 10cm 20cm 40cm 60cm 74cm
Sample date, approx. time 10/25/97, 15:30 10/25/97, 15:30 10/25/97, 10:30 10/25/97, 10:30 10/25/97, 15:30

Units

pH pH scale {8.3 8.2 8.3 8.3 7.9
Diss. oxygen mg/L 11.5-12.0 11.0-12.0 10.0-11.0 10.0-10.5 9.0-10.0
Spec. Cond. mS/cm  |0.25 0.25 0.24 0.25 0.24
(Surface water temp) deg.C }3.5 3.5 1.1 1.1 3.5
Hyp. zone water temp. deg. C 4.1 5.6 14 1.1 4.8
Air temp deg.C |(NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 28.0 27.7 27.2 26.7 27.0
Organic carbon mg/L (<1) (<1) (<1) 1.0 1.4
F mg/L 0.07 0.09 0.06 0.07 0.08
Sulfate mg/L 12.39 12.31 13.52 13.51 12.98
As ug/L 0.3 0.3 0.3 (NA) 0.3
Ba ug’/L 251 251 247 244 209
Ca mg/L 30.15 30.23 30.52 30.17 28.74
Cr ug/L (<1) (<1) (<) (<1) (<1)
Cu ug/L 0.3 (<0.3) 0.3 0.3 0.7
Fe ug/L 23 24 24 17 11
K mg/L 0.80 0.79 0.77 0.78 0.67
L ug’/L 2.6 2.7 2.6 2.5 2.3
Mg mg/L 11.87 11.91 12.16 12.07 11.64
Mn ng/L 1.6 1.4 0.9 1.0 0.3
Na mg/L 3.01 3.08 3.34 3.47 5.08
S mg/L 4.80 4.82 5.18 5.15 4.94
Si mg/L 713 7.15 7.14 7.09 6.67
Sr ng/L 129 129 124 123 119
Zn ng/L (<8) (<8) (<8) (<8) (<8)
BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND- Hyporheic zone sampler 2
SITE "BB-HZ2", ON 10/25/97

C-9.8
Sample name BB-HZ2 BB-HZ2 BB-HZ2 BB-HZ2 BB-HZ2
Sample depth 10cm 20cm 35cm 55cm 85cm

Sample date, approx. time

10/25/97 16:30

10/25/97 16:30

10/25/97 16:30

10/25/97 16:30

10/25/97 16:30

Units
pH (rdg stds 0.2 units high) |pH scale {8.1 8.3 8.2 8.3 7.6
Diss. oxygen mg/L 10.5-11.0 (NA) 10.0-11.0 (NA) 8.2
Spec. Cond. mS/cm  |0.24 0.24 0.24 0.24 0.24
Water temp. deg.C |3.9 (NA) 4.0 3.6 4.0
Air temp deg.C |(NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 27.6 27.7 27.2 27.3 26.8
Organic carbon mg/L (<1) (<1) 1 (<1) (<1)
F mg/L 0.07 0.06 0.07 0.06 0.07
Sulfate mg/L 12.70 12.59 12.53 12.67 14.33
As ug/L 0.3 0.3 0.3 0.3 0.2
Ba ug/L 249 251 248 251 222
Ca mg/L 30.25 30.16 30.59 30.23 29.41
cr uo/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) 1.0
Fe ug/L 23 24 24 23 13
K mg/L 0.80 0.82 0.80 0.81 0.60
Li ng/L 2.6 2.6 2.6 2.6 2.3
Mg mg/L 11.95 11.95 12.04 11.97 11.61
Mn ug/L 2.0 2.0 1.9 1.5 (<0.3)
Na mg/L 3.00 2.94 3.02 2.96 4.28
S mg/L 4.74 4.81 4.70 4.83 5.40
St mg/L 7.1 7.10 7.1 7.10 6.44
Sr ug/L 128 126 128 126 124
Zn g/L (<8) (<8) (<8) . (<8) (<8)
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BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE "BC", ON 7/20/97

APPENDIX C-10

C-10.1

Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 7/20/97,13:00 7/20/97,13:00 7/20/97, 13:00

Units
pH pHscale [7.9 7.9 7.9 7.9 0.0
Diss. oxygen mg/L 8.5 8.5 8.5 8.5 0.0
Spec. Cond. mS/cm 0.21 0.21 0.21 0.21 0.00
Water temp. deg. C 12.6 12.6 12.6 12.6 0.0
Air temp deg. C 19.3 19.3 19.3 19 0
Inorganic carbon mg/L 23.8 23.7 23.6 23.7 0.1
Organic carbon mg/L 1.4 (NA) 1.6 1.5 0.1
F mg/L {<0.05) (<0.05) (<0.05) {<0.05) (<0.05)
Sulfate mg/L 10.52 10.62 10.74 10.63 0.11
As ug/L 0.5 0.5 0.5 0.5 0.0
Ba ug/L 192 194 193 193 1
Ca mg/L 21.46 21.08 21.29 21.28 0.19
Cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ug/L 0.8 0.8 0.8 0.8 0.0
Fe ug/L 48 46 49 48 2
K mg/L 0.77 0.76 0.76 1 0
Li ug/L 2.3 2.2 2.2 2.2 0.0
Mg mg/L 9.65 9.55 9.62 9.60 0.06
Mn ng/L 5.2 S.2 5.2 5.2 0.0
Na mg/L 217 1.98 2.15 2.10 0.10
S mg/L 3.92 3.99 4.00 3.97 0.04
Si mg/L 6.05 6.01 6.05 6.04 0.02
Sr ng/L 106 106 106 106 0
Zn ug/L (<8) 11.2 (<8) (<8) (<8)
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE “BC", ON 8/7/97

C-10.2

Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 8/7/97, 8/7/97, 8/7/97,

Units
pH pH scale |8.1 8.1 8.1 8.1 0.0
Diss. oxygen mg/L 9.2 9.2 9.2 9.2 0.0
Spec. Cond. mS/cm 0.23 0.23 0.23 0.23 0.00
Water temp. deg. C 14.8 14.8 14.8 14.8 0.0
Air temp deg. C 16.1 16.1 16.1 16.1 0.0
Inorganic carbon mg/L 26.2 26.1 25.6 26.0 0.3
Organic carbon mg/L (NA) (NA) (NA) (NA) (NA)
F mg/L (<0.05) (<0.05) (<0.05) (<0.05) (<0.05)
Sulfate mg/L 10.11 10.03 10.04 10.06 0.04
As ug/L 0.4 0.4 0.4 0.4 0.0
Ba ng/L 233 230 248 237 10
Ca mg/L 26.23 25.58 27.77 26.53 1.12
Cr ng/L 1.0 1.0 1.0 1.0 0.0
Cu ng/L 0.4 0.4 0.6 0.5 0.1
Fe ng/L 28 28 29 28 0
K mg/L 0.82 0.82 0.86 0.83 0.02
Li na/L 2.8 2.8 2.9 2.9 0.1
Mg mg/L 11.24 11.06 11.88 11.39 0.43
Mn ng/L 1.8 1.8 2.0 1.89 0.08
Na mg/L 2.46 2.41 2.43 2.43 0.03
S mg/L 3.93 3.93 3.65 3.83 0.16
Si mg/L 6.67 6.61 6.61 6.63 0.03
Sr ng/L 133 3N 141 135 S
Zn pg/L <8} (<8) (<8) (<8) (<8)
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APPENDIX C-10
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE "BC", ON 9/14/97

Cc-10.3
Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 9/14/97,10:00 9/14/97,10:00 9/14/97, 10:00

Units

pH pH scale {7.9 7.9 7.9 7.9 0.0
Diss. oxygen mg/L (NA) (NA) (NA) (NA) (NA)
Spec. Cond. mS/em  |(NA) (NA) (NA) (NA) (NA)
Water temp. deg. C 9.0 9.0 9.0 9.0 0.0
Air temp deg. C (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 27.6 28.9 (NA) 28.3 0.3
Organic carbon mg/L 1.1 (<1) (NA) (<1) (NA)
F mg/L 0.07 0.07 (NA) 0.07 0.0
Sulfate mg/L 13.57 13.50 (NA) 13.53 0.1
As ug/L 0.4 0.3 (NA) 0.4 0.0
Ba ug/L 253 245 (NA) 249 5.7
Ca mg/L 29.65 29.87 (NA) 29.76 0.2
Cr ug/L (<1) (<1) (NA) (<1) (<1)
Cu ug/L 0.3 (<0.3) ' (NA) (<0.3) (<0.3)
Fe pg/L 19 18 (NA) 19 0.6
K mg/L 0.86 0.84 (NA) 0.85 0.01
Li ug/L 2.9 2.9 (NA) 2.9 0.0
Mg mg/L 12.07 12.04 (NA) 12.06 0.02
Mn ug/L 0.9 0.9 (NA) 0.9 0.0
Na mg/L 2.83 2.69 (NA) 2.76 0.10
S mg/L 4.90 4.66 (NA) 4.78 0.17
Si mg/L 7.7 7.02 (NA) 7.09 0.10
Sr ug/L 129 127 (NA) 128 1.63
Zn g/L (<8) (<8) (NA) (<8) (<8)
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE "BC", ON 10/25/97

C-10.4
Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 10/25/97,12:00 10/25/97,12:00 10/25/97,12:00

Units

pH pH scale |7.8 7.9 7.9 79 0.02
Diss. oxygen mg/L 12.0 11.8 11.8 1.9 041
Spec. Cond. mS/cm  |0.24 0.24 0.24 0.24 0.00
Water temp. deg.C |3.5 3.5 3.5 3.5 0.0
Air temp deg.C | (NA) (NA) (NA) (NA) (NA)
Inorganic carbon mg/L 27.7 27.9 27.9 27.8 0.4
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L 0.07 0.07 0.07 0.07 0.00
Sulfate mg/L 13.39 13.41 13.36, 13.45 13.40 0.01
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 263 205 221 230 30
Ca mg/L 32.43 24.84 27.62 28.30 3.84
cr ug/L (<1) (<1) (<1) (<1) (<1)
Cu ng/L (<0.3) (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 20 17 18 19 2
K mg/L 0.84 0.65 0N 0.73 0.10
Li ng/L 2.8 2.4 2.5 2.6 0.2
Mg mg/L 12.68 9.95 10.96 11.20 1.38
Mn ug/L 0.9 0.7 0.8 0.8 0.1
Na mg/L 2.97 2.46 2.65 2.69 0.26
S mg/L 4.54 5.81 5.33 5.23 0.64
Si mg/L 7.04 6.98 6.98 7.00 0.04
Sr ug/L 135 106 115 118 15
Zn ug/L (<8) (<8) (<8) (<8) (<8)
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BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE "BC", ON 11/16/97

APPENDIX C-10

C-10.5
Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 11/16/97,16:30 11/16/97,16:30 11/16/97, 16:30

Units

pH pH scale }7.8 7.8 7.8 7.8 0.0
Diss. oxygen mg/L 13.5-14.0 13.5-14.0
Spec. Cond. mS/ecm  [0.25 0.25 0.25 0.25 0.00
Water temp. deg. C 0.4 0.4 0.4 0.4 0.0
Air temp deg. C 34 3.4 3.1 3.1 0.0
Inorganic carbon mg/L 28.8 28.2 27.9 28.3 0.5
Organic carbon mg/L (<1) (<1) (<1) (<1) (<1)
F mg/L 0.07 0.07 0.08 0.07 0.01
Sulfate mg/L 14.28 14.32 14,24 14.28 0.04
As ug/L 0.3 0.3 0.3 0.3 0.0
Ba ug/L 226 227 228 227 1
Ca mg/L 27.24 27.09 27.30 27.21 0.11
Cr ug/L 1.3 1.3 1.3 1.3 0.0
Cu ug/L 0.6 (<0.3) (<0.3) (<0.3) (<0.3)
Fe ug/L 10 10 10 10 0
K mg/L 0.84 0.84 0.84 0.84 0.00
Li ug/L 2.5 2.5 2.5 2.5 0.0
Mg mg/L 12.37 12.28 12.35 12.33 0.05
Mn ug/L 0.7 0.7 0.7 0.7 0.0
Na mg/L 2.70 2.83 2.46 2.66 0.19
S mg/L 5.20 5.27 5.21 5.23 0.04
Si mg/L 6.75 6.74 6.76 6.75 0.01
Sr ng/L 134 134 134 134 0
Zn g/L (<8) (<8) (<8) (<8) (<8)
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK
SITE "BC", ON 1/6/98

C-10.6
Sample name BC-1 BC-2 BC-3 Mean Std. Dev.
Sample date, approx. time 1/6/97,16:3