
U.S. DEPARTMENT OF THE INTERIOR 

U.S. GEOLOGICAL SURVEY

Geochemical Baseline Studies and Relations Between Water Quality
and Streamflow in the Upper Blackfoot River Watershed, Montana:

Progress Report for July 1997 - March 1998

by

Sonia A. Nagorski 1 
Jan A. Shifflett1

Johnnie N. Moore 1
and 

David B. Smith2

Open-File Report 98-499

This report is preliminary and has not been reviewed for conformity with 
U.S. Geological Survey editorial standards. Any use of trade, firm, or 
product names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government.

University of Montana, Dept. of Geology, Missoula, MT 59812 
2U.S. Geological Survey, Denver Federal Center, MS 973, Denver, 

CO 80225



CONTENTS
Page

Abstract 1

Introduction 1

Methods 2
Surface water 2

Discharge measurements 2
Water sampling 4
Lab Methods 5

Piezometers 7
Hyporheic zone 7
Snow 7
Quality assurance/quality control 8

Use of variability/error margins on data 8
Use of variability/error on load calculations 9

Results 9
Discharge 9

Landers Fork streamflow 9
Blackfoot River streamflow 10
Confluence 11

Surface water geochemistry 11
Landers Fork 12

Dissolved chemistry relative to discharge 12
Dissolved chemistry relative to site location 12
Estimated ground water chemistry between sites LB and LC 13
Dissolved loads 13

Load changes between C and LA (combined) and LB 13
Load changes between LB and LC 14
Load changes between LC and LD 14

Blackfoot River 14
Dissolved chemistry relative to discharge 14
Dissolved chemistry relative to site location 15
Dissolved loads relative to site location 15

Confluence of the Landers Fork and Blackfoot River 16
Piezometer Measurements 16
Shallow hyporheic zone 16
Snow samples 17

Discussion 17
Discharge 17

Contents 1



Contents-Continued Page

Surface water geochemistry: dissolved concentrations
Loads
Hyporheic zone water 

Summary and Conclusions 
Acknowledgements 
References

Figures

Figure 1. McDonald Gold Project location map.
2. Proposed mine facilities layout.
3. Map showing sample sites and ground water injection sites 

4a-g. Discharge in the Landers Fork on selected dates July 3,1997
through March 8,1998.
4a. July 3,1997 through July 4,1997
4b. July 20,1997 through July 21,1997
4c. August 7,1997
4d. September 13,1997 through September 14,1997
4e. November 16,1997
4f. January 6,1998
4g. March 8,1998

5a-h. Discharge in the Blackfoot River on selected dates July 3,1997 
through March 8,1998.

5a. July 3,1997 through July 4,1997
5b. July 20,1997 July 21,1997
5c. July 21,1997
5d. August 7,1997 through August 8,1997
5e. September 13,1997 through September 14,1997
5f. November 16,1997 and November 18,1997
5g. January 6,1998
5h. March 8,1998

Tables

18
19
19
20
21
22

Page

25
26
27

28
28
28
28
29
29
29
30

31
31
31
31
32
32
32
33
33

Table 1. Discharge Measurements.
2. pH meter and dissolved oxygen calibrations.
3. Results of sample bottle sorption experiment.
4. Sample and analysis dates.
5. Practical quantification limits (PQLs).

34
35
35
35
36

Contents



Tables-Continued Page

6.1-6.3. Summary of external and internal standards measured on all
instruments. 37
6.1. Summary of external standards measured on A AS. 37
6.2. Summary of external standard measured on 1C. 37
6.3. Summary of internal standards (fortified lab blanks)

measured on AAS, Carbon Analyzer, and 1C. 37 
7.1-7.3. Summary of USGS standards measured in 1C APES used for

analysis. 38 
7.1 Summary of USGS Standard T-107 measured on ICAPES. 38

7.2 Summary of USGS Standard T-143 measured on ICAPES. 38
7.3 Summary of USGS Standard T-145 measured on ICAPES. 38 

8.1-8.4 Summary of duplicate and spike recoveries measured on all
instruments used for analysis. 39
8.1 Summary of ICAPES duplicate comparisons. 39
8.2 Summary of AAS, Carbon Analyzer,and 1C replicate

comparisons. 39
8.3 Summary of ICAPES spike (fortified sample) recoveries. 39
8.4 Summary of AAS, Carbon Analyzer, and 1C spike (fortified

sample) recoveries. 39 
9.1-9.4 Summary of laboratory and field black concentrations measured 

on all instruments used for analysis of water
samples. 40

9.1 Summary of ICAPES measurement of laboratory blanks 40
9.2 Summary of ICAPES measurement of field blanks. 40
9.3 Summary of laboratory blanks measured on AAS, Carbon

Analyzer, and 1C. 40
9.4 Summary of field blanks measured on AAS, Carbon

Analyzer, and 1C. 40
10. Dissolved loads in the Landers Fork. 41
11. Dissolved loads in the Blackfoot River. 43
12. Streamflow gains and losses along measured stream reaches. 46
13. Comparision of water quality standards and sample

concentrations. 47
14. Statistical analysis of differences in Landers Fork water chemistry

between sites within individual sample events. 48
15. Calculations of concentrations in ground water between LB

and LC. 51

Contents 3



Tables-Continued Page

16. Statistical analysis of differences in Blackfoot River water
chemistry between sites within individual sample 
events. 

17.1-17.3. Piezometer measurements.
17.1 Copper Creek and Landers Fork piezometer 

measurements.
17.2 Blackfoot River piezometer measurements. 

18. Snow samples collected near confluence.

53
56

56
56
57

Appendices

Appendix A.

B.

Graphs of discharge versus constituent concentration for Copper
Creek and Landers Fork sites. 58 

A-l. Copper Creek site. 59 
A-2. Landers Fork site LA. 61 
A-3. Landers Fork site LB. 63 
A-4. Landers Fork site LC. 65 
A-5. Landers Fork sire LD. 67 
Graphs of discharge versus constituent concentration for

Hogum Creek and Blackfoot River sites. 69 
B-l. Blackfoot River site B A. 70 
B-2. Blackfoot River site BH. 73 
B-3. Blackfoot River site BB. 76 
B-4. Blackfoot River site BC. 79 
Field measurements and chemical analysis of all surface water

samples. Each page contains a list of measurement results for a. 
set of triplicate surface water samples taken at a specified site 
and specified date. 82 

C-l. Copper Creek site. 83 
C-2. Landers Fork site LA. 86 
C-3. Landers Fork site LB. 88 
C-4. Landers Fork site LC. 93 
C-5. Landers Fork site LD. 101 
C-6. Hogum Creek site . 104 
C-7. Blackfoot River site BA. 105 
C-8. Blackfoot River site BH. 107 
C-9. Blakcfoot River site BB. Ill 
C-10. Blackfoot River site BC. 115 
C-ll. Blackfoot River site BD. 120

Contents



Appendices-Continued Page

D. Graphs of constituent load versus sample site location for Copper
Creek and Landers Fork sites on each date sampled. 122

E. Graphs of constituent load versus sample site location for Blackfoot
River sites on each date sampled. 128

Contents



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 ^im) 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.

INTRODUCTION

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



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 ftVs, 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 ftVs. These measurements were assigned a value of 1 
fWs.

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



were previously cleaned in the laboratory. The ultra-clean washing procedure for the 
bottles included soaking in a 6N HC1 acid bath for at least 2 hours and then in a 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 (1C) according to EPA 
Method 300.0 (Pfaff, 1993). 1C 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 HC1 to pH<2, and it was analyzed for organic carbon also according to 
Standard Method 505 A 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 303 A (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 (Ast^), which is produced intantaneoulsy from As(ni) in the presence of

sodium borohydride and acid solution. In surface water samples, arsenic exists primarily 
in the oxidized state As(V) and to a lesser degree As(ni)- Therefore, in order to measure 
total inorganic arsenic, it was necessary to first convert all As(V) species to As(m). This 
was accomplished by adding potassium iodide (KI) and hydrochloric acid (HC1) to all 
standards and samples to achieve final concentrations of 2% KI and 1M HC1. 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 (NaBtfy) solution (stabilized with 0.5% 
NaOH), and 6N HC1, 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 jim 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



completely in the laboratory at room temperature. The same filtering and analytical 
procedures were used as described for the surface water samples.

Quality Assurance / Quality Control:
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 1C. 
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 jug/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 p-g/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 p,g/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 p,g/L.

Use of variability/err or 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 multiple 
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

I. 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 5a-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 1 (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) ft3/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) ft3/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 between 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 ftVs, 
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 and 12). 
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.

II. Surface water geochemistry
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-l .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-l, B-2, B-3, B-4). Dissolved oxygen and pH generally had no significant changes with 
discharge (Appendicies A and 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, NO2'-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). At sites C, LA, and LB, As decreased with decreasing discharge, 
and did not reverse its trend (Appendix A-l .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 O.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) jag/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) jag/L at LB but changed to
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0.6 (+/-0.1) ng/L at LC, and on 1/6/98, LB still had 0.3 (+/-0.1) jig/L As, while LC 
concentrations increased to 0.8 (+/-0.1) fig/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 ug/L.

3. Estimated ground water chemistry between sites LB andLC:
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 O.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.

c) 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

I. 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 ug/1 during 
the high flows to 0.2-0.3 ug/1 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 ug/L in 11/97 and 1/98, compared with 106-113 ug/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.

C. Confluence of the Landers Fork and Blackfoot River
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.

III. Piezometer Measurements
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 B A.

IV. Shallow hyporheic zone
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 |ig/l in the surface water and in the 3 
higher hyporheic zone samples, to 35.5 (+/-2.1) |ig/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 O.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 O.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 ng/1, although it was found to be at 0.8 (+/- 
0.1) ng/1 in the surface water,and at 10 and 30 cm. The Na concentration at 74 cm was 
5.48 (+/-0.29) mg/1, 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/1 Mg, 0.23 and 0.40 mg/1 Na, and 0.02 and 0.03 
mg/1 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 father 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 wanner 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, Pick, and Oilman, 
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.
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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

20



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.
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Table 5______________

Practical Quantification 
Limits (POLs)

Analyte PQL
Inorganic carbon
Organic carbon
F
Cl
Nitrate-N
Nitrite-N
Phosphate-P
Sulfate
As
Ag
Al
Ba
Be
Ca
Cd
Co
Cr
Cu
Fe
K
Li
Mg
Mn
Mo
Na
Ni
Pb
S
Si
Sr
Ti
V
Zn

1 mg/L
1 mg/L 
0.05 mg/L
2 mg/L 
0.2 mg/L 
0.02 mg/L 
0.2 mg/L 
1.00 mg/L 
0.2 yg/L 
1 J/g/L

1 J/g/L 
0.05 /jg/L 
0.01 mg/L

0.5 jug/L
1 J/g/L 
0.3 jug/L 
5/^g/L 
0.10 mg/L 
0.5 ug/L 
0.01 mg/L 
0.3 jug/L
1 J/g/L 
0.15 mg/L

0.01 mg/L 
0.02 mg/L

2/^g/L 

0.2 j^g/L
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Quality Assurance/ Quality control evaluation: 
External and Internal Standards Measurements

Table 6.1
Summary: External
Concentrations in ^

Standard
USGST-107(n=1)
USGST-119(n=3)
USGST-121 (n=2)
USGST-143 (n=2)
USGST-145 (n=9)
USGST-113(n=6)

standards measured on
9/L.

Reported
value (Range)*

10.8(4.2)
4.2 (0.57)

8 (2.2)
15.2(2.4)

9.88 (2.08)
23.8 (3.0)

AAS

Measured values or
mean (std. dev.)

9.4
4.0 (0.5)
8.0, 8.0

16.1 (15.5)
9.2(1.1)

24.7 (0.8)

Measured values
within Report. Range?

Yes
Yes
Yes

Yes
Yes

*Reported Range is 2 pseudosigmas from the mean
Note: USGS Standards 7-727, 7-743, and 7-773 were diluted to 10%, and USGS Standards
7707, 7-779, and 7-745 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 1C 
(Concentrations in mg/L)

Reported Measured Measured Mean 
Analyte Mean (Range)* Mean (Stand. Dev.) w/in Reported Range?
Fluoride (n=10) 
Chloride (n=8) 
Nitrate-N(n=10) 
Nitrite-N (n=10) 
Phosphate-P (n=10) 
Sulfate (n=10)

3.0 (0.47) 
30.0 (2.62) 
5.0 (0.84) 
2.0(0.21) 
1.0(0.29) 

30.0 (5.27)

2.8(0.1) 
28.8 (1.0) 
4.9 (0.2) 
1.9(0.1) 
1.0(0.1) 

29.6 (2.2)

Yes 
Yes 
Yes 
Yes 
Yes 
Yes

*Reported Range is the-95% Confidence Interval

Table 6.3

Summary: Internal standards (fortified lab blanks) measured on
AAS, Carbon Analyzer, and 1C

Standard
Arsenic =0.5
Arsenic >0.5
Inorganic C
Organic C
Fluoride
Chloride
Nitrate-N
Nitrite-N
Phosphate-P
Sulfate

i*g/L(n-21)
ng/L (n=81)

(n=101)
(n=49)
(n-99)
(n-79)

(n=82)
(n=90)
(n=83)
(n=99)

Mean % difference
of fortified lab blank

and measured concentration
12.6

3.4
2.5
7.2
3.6
7.0
7.1
3.5
6.4
3.1

Standard Deviation
of mean % differences

6.3
3.1
2.4
6.0
4.4
10.6
10.6
4.7
10.3
4.1
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Quality Assurance/Quality Control evaluation: Duplicates and Spike Recoveries

Table 8.1 Table 8.3
Summary: ICAPES duplicate comparisons of water samples

Number of 
dupl. pairs 

Element above PQL
Ag
At
Ba
Be
Ca
Cd
Co
Cr
Cu
Fe
K
Li

Mg
Mn
Mo
Na
Ni
Pb
S
Si
Sr
Ti
V
Zn

0
0

33
0

33
0
0

29
12
30
32
33
33
25
0

33
0
0

33
33
33
0
0

22

Mean % difference 
of dupl. pairs

-
-

4.0
-

3.4
-
-

9.7
3.6
9.1
3.1
2.9
2.4
5.8
-

5.7
-
-

5.9
3.1
4.0

-
-

6.4

Stand, dev. of mean 
of % difference 
of dupl. pairs

-
-

4.0
-

3.6
-
-

7.5
4.0
10.7
2.9
2.5
2.6
6.5

-

7.1
-
-

7.8
4.3
4.4

-
-

7.4

Summary:

Element
Ag
Al
Ba
Be
Ca
Cd
Co
Cr
Cu
Fe
K
Li

Mg
Mn
Mo
Na
Ni
Pb
S
Si
Sr
Ti
V
Zn

ICAPES Spike (fortified sample) recoveries

Unit
U9/L
pg/L
pg/L
pg/L
mg/L
pg/L
P3/L
P9/L
*/g/L
pg/L
mg/L
pg/L
mg/L
*/g/L
/>g/L
mg/L
fjg/l
U9/L
mg/L
mg/L
Kg/L
P9/L
yg/L
yg/L

Spike 
values

20
10

200
-

20 and 30
10
-

10
1 0 and 20
20 and 30
2 and 2.5

10
Sand 10

10
-

2.5 and 10
20
80
5
5

50
-
-

20

Number 
of samples 
above PQL

0
0
33
0

33
0
0
3

13
30
33
30
33
24
0

33
0
0
30
30
30
0
0

24

Mean percent 
recovery

-
-

96.0
-

99.1
-
-

88.9
108.7
100.2
103.0
106.6
104.4
91.9

-

98.0
-
-

115.6
115.2
89.0

-
-

106

Stand, dev. of 
mean percent 
recovery

-
-

10.9
-

8.1
-
-

9.8
5.2
17.5
5.3
4.9
6.8
4.7

-

5.6
-
-

7.0
8.7
9.2

-
-

9.7

Table 8.2 Table 8.4
Summary: AAS,

Analyte

Carbon Analyzer, 
Comparisons

and 1C Replicate

Number of Mean % difference Stand, dev. of mean 
replicate sets or % RSD of of % diff./%RSD 

above PQL replicate sets of replicate pairs
Arsenic =<0.5 ppb 32 
Arsenic >0.5 ppb 25 
Inorganic C 5 1 
Organic C 1 1 
Fluoride 55 
Chloride 0 
Nitrate-N 0 
Nitrite-N 0 
Phosphate-P 0 
Sulfate 63

7.6 
3.8 

2.40 
5.7 
3.0

1.5

6.8 
3.6 
3.2 
5.1
4.3

2.2

Summary: AAS, Carbon Analyzer, and 1C Spike (fortified sample) 
recoveries

Analyte
Arsenic 
Inorganic C 
Organic C 
Fluoride 
Chloride 
Nitrate-N 
Nitrite-N 
Phosphate-P 
Sulfate

Unit
pg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L

Spike 
Value

1.0

0.5, 2.0 
0.1 
0.2 

0.025 
0.025 
0.025 

0.5, 1.5, 3.0

Number 
of samples 
above PQL

23

14 
22 
0 
0 
0 
0 

26

Mean percent 
recovery

107.7

96.6 
86.1

111.3

Stand, dev. of 
mean percent 

recovery
6.3

22.9 
16.0

20.9

PQL= Practical Quantifiable Limit
%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
(Statistical comparisons ptrfonaed mtaf «two-tailed l
Sample name Sample Discharge

dale
C 7/3/9- 161
C - 3'9" 163
C ".3'9-
mmn 762
LA -39" 114
LA "3'9" 1 16
LA "'3 '9"
mAVi / /5
C-LA
C-LA
C-LA

LB "?/3>9"7 303
LB 7 '3 '9- 332
LB -.'39-
mean 3)8
LC -»9- 398
LC - < 9" 3~3
LT - 3'9~
mean J&5
p valuer (from 2 tailed I lea >
Prob. that C+L\is dlff.from LB
Prob. lhatLBa dlff.from LC

C -.'20/9^ 108
c 7<2o/9- i p
C 7;:097 113
maw //.?
LA 7/20/97 84
LA -,'2(y9- 85
LA - 20<T
mean SJ
C-LA
C-LA
C-LA

LB "209" 191
LB 7:2O<r 198
LB -2O 9"
mean 195
LC ->-2V<r 22-
LC ^'21 9" 225
LC -219- 22-
mean 226
IX) - 2<V9- 226
LD ^'20 9- 230
LD "-2O9- 228
mea/i 22S
p-vakies tfrom 2 tailed l-les i
Prob. that C-^LAts dlff.from LB
Prob. IhatLBisdiff. from LC
Prob. that LC is dlff.from LD

c %mr 5i
C 8/7-9- 52
c sr/y
meon 52
LA S^V 38
LA 8.T'9- 40
LA g."-9-
mean 39
C-LA
C-LA
C-LA

LB 8 ""9" 95
LB VTT 102
LB 8-"9-
mean 99
1C y/97 128
LC 8"'9- 133
LC &-'*r
mean lit
LD 8-9- 112
LD 8"'9- 1 16
LD 8^9-
mean 114
ft- values (from 2 tailed l-lea i
Prob. Owl C* LA is dlff.from LB
Prob. Owl LB isdiff.from LC
Prob. thai LC is diff. from LD
C 9/LV97 23
C 9' 13-9" 25
C 9/I3/9"1
mean 24
LA 9-13/97 16
LA 9'iyT 16
LA 9,13/9?
mean 16
C-LA
C-LA

Q[l/s|

4559
4616

4587
3228
3285

3256

8580
9401

8991
11270
10562

10916

3058 
3313
3200
.5/90
23-9
240-

2393

5409
560-

5508
6428
63^1

6428
64O9
6400
6513
6456
6456

1444 
1472

I45S
1076

1133

1104

2690
2888

27S9
3625
3^66

3695
3172
3285

J22S

651
708

680
453
453

453

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min 
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min 
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

mean

min
max

Uorg.C

784E+O6
796E.O6
'7 90E+06

676E+O6
690E-rO6
683E+O6

I46E+O7
149E»O-
147E+<r

i --3E-O-
19-E-4T
185E*07

2 18Et07
234E-O7
226E*(T

OM5
OMS

632EtO6 
693E*O6
663E+O6

59E406
60E*O6
60E*O6

122E*O7
129E+07
1 26E*O7

1 33E+Or7
138Ei07
U5E-h<r

165E-0-
16-TE-I07

166E^T

162E+O"
169E-HO"'
166E-f<r

0019
OMO
0365

34E+O6 
3 5E^06
34E+O6

29E-O6
3 1E*O6
30E*O6

631E*O6
665E*O6
646E+06

72E*O6
 >8E*O6

75E*O6

992E+06
1 04E->O-
1 02Ei<r7

863E^O6
917E*O6
892E+06

OM7
OMO
0604
17E*O6
1 8E*O6
17E*O6

14E*O6
14£*O6
I4E+O6

30IE-06
121E-06

Salfite

7 13E»05
7 38E»05
728E>O5

686E+O5
707E-05
696E405

140E»06
144E*O6
142E-06

168E*O6
1 93E>O6
\-"<)E+Q6

208E»06
225E»06
2 17E*O6

OM7
0013

531E+O5 
670E*05
588E+O5

56E*05
60E>O5
5 8E>O5

109E*O6
127E+06
1 17E+06

1 17E*06
l_*4EfOb
125E*O6

1 SOE+06
157E+06
1 54E*O6

141E+06
164E+06
151E*O6

0356
OM6
0X27

3 OE>O5 
3 1E+05
3 lE-^05

29E-^05
32E»05
3 OE»05

585E*05
629E>05
606E+<15

66E+O5
71E>05
68E>O5

918E+05
996E*05
9 55E<O5

-95E*05
8 51E^5
827E-^05

OO21
0001
»M9
14E>O5
186*05
166*05

1JE>O5
14E*fl5
1JE+O5

278E+O5
3 13E-r05

As

24E>O2
24E-02
24E+O2

1?E>02
l^E-02
lTE-^02

40E-02
4 IE-02
41E+02

3-E+O2
49E-02
44E-02

55E+O2
58E-02
57E+O2

0.485
OHKO

16E«02 
2.0E+O2
1.8E+02

8.2E>O1
1.2E>O2
96E>O1

24E-02
33E»02
28E-^02

2.8E>O2
2.9E+O2
29E-02

33E+O2
39E-O2
35E-^02

3 3E-02
34E-O2
3JE>O2

OJSfH
oais
0272

50E»O1 
64E-O1
59E-01

3-JE-O1

39E+O1
3.8E»01

87E<O1
10E-02
97E-^01

9.3E>O1
10E»02
96E-.01

UE-^02
13E-02
13E>02

14E>O2
14E-^02
14E-O2

O.SS2
OJ>OO
0604
28E>O1
3 1E>O1
29E+O1

12E>O1
16E-O1
UE-^01

40E*OI
46E+O1

B»

642E-O4
682E-04
658E+0»

354ErO4
372ErO4
365E-O4

996E-O*
105E-05
102E»O5

1 19E+O5
138E»05
1.27E-^05

1 53E-e05
168E*fl5
1 62E-05

OJ012
9M96

505E+O4 
5.52E+O*
528E«O4

29E+O4
30E+O4
30E-O4

797E+O4
852E«O4
824E^M

846E»04
8.91E*04
869E+<M

109E*05
1.11E*O5
1 10E^5

1 08E-05
1 11E»O5
109E+O5

OJO97
OMO
0.489

3 1E*O4 
34E-^04
32E»O4

1 5E*O4
16E-04
16E+O4

455E»O4
501E«O4
478E»O4

50E-0*
55E+04
52E-04

736E+<M
T81E+04
-'57E*<H

641E-O*
670E<O»
655E^04

OD67
OMO
OMS

1 5E+O4
1 7E»04
16E-W

75E+O3
76E-03
75E^3

225E-tOt
241E*04

C*

855EfOb
899E-O6
8 73E*Ob

744E<O6
-seE^oe
"66E*O6

leoE^o-
169E*<r
164E«<r

190E-^T7

220E-<T
204E+O7

244E+07
263E-f<r
2.54E«T

OOll
OM9

610E*O6 
6.63E*O6
ejTE-tOe

57E*06
58E-r06
57E-^)6

1 18E-<r
1.24EXT7
121E»<r

1.26E-IF
130E*07
128E-><r

157E-»<r7
1.61E*<r
159E+<F

154E-<r
1.58E*07
1.56E+OT

OO41
OMO
0.105

37E+O6 
40E+O6
39E*O6

30E*O6
32E+O6
31E-^)6

665E<O6
7 16E*O6
6.93E<O6

 f^E+oe
80E*O6
if£.+Qf>

101E*fl7
1.06E«<r
103E-07

897E+06
9J7E*06
9 l6E<JJf>

OJOS4
OMO
»JHH
18E*O6
20E+06
19E+06

15E*06
16E*O6
1 6E+O6

337E»06
357£»06

C>

IBPQL>
IBPQLi
iBPQLi

(BPQLi
IBPQLi
(BPQLl

IBPQLi
(BPQLl
(BPQLI

(BPQLl
(BPQL i
(BPQLl

(BPQL}
IBPQLi
(BPQLl

(BPQLl
(BPQLl

(BPQLl 
(BPQLt
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLi
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl 
(BPQLl
(BPQLl

(BPQLl
IBPQLi
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLl

(BPQLl
(BPQLl
(BPQLi

tf>l\'!0!
iDrvm
IDf\'IO!
(BPQLl
(BPQLl
(BPQLi

(BPQLl
(BPQLi
(BPQLl

(BPQLl
(BPQLi

Ft

2 OE-03
2 OE-03
2 OE-03

1 4E»03
1 -E-03
1 6E-03

34E-03
3 -E-03
3 6E+O3

3-E-O3
49E-03
44E-03

55E-03
5 8E-03
5-E-O3

OO9I
0020

16EfO3 
1~E+O3
17E+03

l.2E*03
12E--O3
\2E-r03

2 8E-O3
30E+O3
2 9E-O3

28E-03
2 9E-03
2 9E-03

3 3E^O3
3 9E»03
3 -E-03

3 3F.-03
3 4E-O3
3JE+O3

OJ09
oan
OJSO

9E-02 
9E-O2
9E*O2

6E*02
7E»02
6E-02

1E-03
2E+O3
1E*03

2E-O3
2E>O3
2E+03

2E*03
3E^3
2E»O3

2E-03
2E-03
2E-O3

OO25
 MS
0.025
39E-^02
43E+O2
4 1E+O2

2^E+O2
27E-02
27B*02

67E-02
70F.-O2

K

9 IE-04
96E-04
92E-^04

1 1E»05
1 IE-05
1 1E+O5

20E-O5
21E^O5
2 OE+O5

2 5E>O5
30E-05
27E^5

3 IE-05
3 6E»05
3 4E-05

OMS
0039

66E«O4 
 T.2E ^04
6.9E*O4

84EXM
85E+04
85E*O4

1.5E-05
16E»05
15E»05

1.7E»05
17E>O5
17E-05

2.1E^5
22E-O5
22E-05

2 2E-O5
22E-05
2.2E+O5

OM2
»MO
0219

39E-O4 
4JE-^04
41E»O4

40E-^04
4JE-^04
41E.04

""9E+O4

86E+O4
82E+O4

95E*O4
10E»05
10E+05

14E>O5
1.5E*05
1 4F.*05

12E>O5
1JE^05
13E-^05

OM7
OMO
ton
20E+O4
22E+O4
21E*04

19E+O4
20E^O4
19E+04

39E+O4
42E+04

LI

3 2E-02
3 2E-02
3 2E+O2

59E»02
60E-02
59E>O2

90E-O2
92E»02
91E»02

1 1E>O3
13E-03
1.2E»03

1 5E>O3
1 -E+O3
1.5E*O3

»M6
oan

2E-*O2 
3E+O2
3E+02

47E»02
50E»02
49E-02

 ME-O2
-9E»02
"'5E-02

 »9E»02

82EfO2
81E»02

1. OE-03
1.1E+O3
1 1E*O3

1 OE-03
1 OE-03
1.0E»03

0057
OMO
OMI

1.6E-O2 
1.7E-02
16E-02

25E<O2
2 6E-02
26E-02

4 1E*02
43E+02
42E-^)2

49E-^02
5.2E>O2
51E>O2

69B*O2
75E+02
-'2E-^02

60E>O2
62E+O2
6 IE-02

tM2
OMO
»M4
79E>OI
92E+01
84E+O1

1 3E-^02
1 3E-^02
1 j&»02

2 IE-02
22E+O2

Ml

3 11E*06
3 23E-06
316E-06

2 -3E*06
286E-06
2-9E*O6

584E»06
609E-O6
595E-O6

690E»06
"92E*O6
'7 34E*O6

847E-06
942E»O6
898E»06

OM9
OJOIS

225E*06 
2.4SE*O6
2.36E+O6

2.2E-^06
2.2E*06
22E-^06

44E-K)6
46E-^06
45E-06

466E-O6
486E*O6
4^6E»06

5~E+06
58~E*O6
583E-O6

566E*O6
579E*O6
572E^06

OJOS4
OMO
OJ06

14E*O6 
1 5E-O6
1 5E^06

1 IE-06
12Ev06
12E*06

25E+06
27E*O6
26E-^06

27E«O6
29E+06
28E-^)6

370E*06
386E*O6
378E»06

3 24E^I)b
3 3^Et06
3 30E*06

OO92
»MO
»M1
67E>O5
-  5E+05

7 1E*O5

56E+05
56E»O5
S 6E*05

1 2E*<)6
1 3E-06

Mo

2 OE-02
24E-02
22E-02

84E-01
85E-01
84E*01

28E+O2
3 2E-02
3 1E-O2

3 OE»02
3 2E-02
3 IE-02

3 ^E-02

3 9E+O2
38E-02

0.712
OM4

UE»O2 
14E*02
1.4E+O2

82E-01
SjE-fOl
8.3E-01

2 IE-02
23E+O2
2 2E-02

1.9E-02
19E>O2
19E*02

-E-^02
--E-^2

-E»02

.3E-02
4E-02
3E+O2

ton
OMO
OMO

50E+01 
64E+O1
55E»01

(BPQL)
(BPQL)
(BPQL)

51E+01
(NA)
(NA)

93E-^01
l.OE+02
96E+O1

16E-e02
16E>O2
16E*02

1 4E.-02
1 4E.02
1 4E+02

(NA)
OMO
OMI

1 7E+01
1.8E*O1
18E>O1

BPQL
BPQL
BPQL

1 9E»01
(NA)

Na

2 OE-05
2 3E-415
21E>O5

1 4E+05
1 6E-05
1 5E*05

3 4E-05
3 9E-05
3 6E<O5

3 -E*05
56E*<15
4 5E-^05

44E-05
5 8E-05
5 2E*-05

0.15S
0.4S5

14E»05 
18E-O5
16E-^05

1JE»05
1 6E+O5
1 4E-05

2 ^£^05
3 4E>O5
3 OE-O5

3 OEr05
38E+05
34E-05

3 9E-^05
4--E+O5

43E<O5

3 4E-05
4 2E^05
38E+O5

0259
OJ053
0210

90E+O4 
1 OE-05
95E+O4

-4E*04
88E*04
81E+04

1 6E-^05
19E>O5
1 8E*05

1 9E+O5
2.2E+05
21E+O5

25E+O5
2 8E<-05
2 6E+05

2 2E+05
2 5E.05
2 3E*05

OO5O
OM9
OJ069
69E»O4
89E+04
80E-»O4

47E+O4
62E+O4
55E+04

1 2E+05
1 5E+05

S

24E»05
2 5E-<>5
2 4E^05

2 3E-05
2 5E-05
2 4E-05

4-E-05
5 OE-05
48E-05

5 6E-05
64E-05
6 OE-05

68E»05
80E»O5
- 5E-O5

0.012
0.031

1-E+O5 
20E+O5
19E+O5

1.8E+O5
1.9E+05
19E+05

3 6E-MJ5
3 9E^05
3 8E*05

3 9E-^05
41E+O5
4 OE-05

49E<O5
5 OE-^05
5 OE-^05

4 8E^()5
5 OE»05
49E+05

OO93
OMO
0520

84EtO4 
89E*04
86E+O4

10E*05
1 1E*05
1 OE>O5

18E>O5
20E+O5
19E+O5

22E+O5
25E-t05
24E+05

3 1E*05
3 4E+05
3 2E*05

2 6E+05
27E»05
2 7E+05

OMf
OMI
tMl
55E+<M
62E+<M
59E+O4

5 1E+O4
53E+04
52E*04

1 1E>O5
1 lE-^05

SI

1 OE*O6
1 IE-06
1 1E*06

-3E*05
--£-05

-5E-05

1 8E-4to
1 9E-06
18E-06

20E-06
24E-O6
22E-06

26E*O6
29E-06
28E-O6

OJOI7
0.013

-1 6E»05 
82E+O5
79E»05

56E>O5
5 7E>O5
57E+O5

13E-06
14E+O6
14En4)6

14E--O6
14E»06
14E+06

18E*O6
18E+06
18E+O6

i-JE^oe
18E+06
18E+O6

OJ13
OMO
0.467

40E>O5 
41E<O5
40E+O5

28E>O5
3 OE*05
2 9E>05

68E>O5
71E+05
70B*O5

"'7E»05

84E+05
81E>O5

1 1E+O6
1 2E*06
1 1E4O6

96E>O5
10E<06
99E>05

OM7
tMO
tMl
2 1E+05
23E+05
226*05

13E-^05
13B*O5
136*05

34E«O5
36E*O5

Sr

13E-04
14E-04
14E*O4

9 8E-03
1 OE~O4
10E-O4

23E-^04
24E-04
24E^O4

2-E-O4
3 1E-1U
29E^M

3 5E-<V»
3 8E-(H
36E-04

OM6
OM6

10E-O4 
1 1E*O4
1 1E*O4

80E»03
81E*03
8 1E*03

18E-04
19E^M
19E-O4

19E-04
20E+O4
20E+O4

24E«O4
24E+O4
24E+O4

24E+O4
24E-^04
24E+04

OJ07
tMO
OMI

2 4E*03 
66E»03
51E+O3

42E>O3
45E-e03
44E+03

66E+Q3
1 1E*04
9 5E-^03

1 1E+O4
12E+O4
1 1E^O4

16E+O4
17E+O4
»6E*04

13E*04
14E»O4
14E+04

0.153
OMO
OMS
28E+03
3 1E«O3
30E-fO3

21E+O3
22FXX3
21E+03

49E«O3
53E»03

41



Sample name Sample Dbehwfe
dale

OLA

LB 9/13'T 38
LB 9'13'9" 39
LB 9 13/9"
mean 39
1C 913.97 64
LC 9/13.97 68
LC 9/13/9-"
mean 66
LD 9/1*97 54
LD 9' 1*97 49
LD 9/14/97
mean 52
p values (from 2 tailed t lest!
Prob. Ihat C*M adtff.from LB
Prob. Ihat LBadlff.from LC
Prob. Ihat LC 11 diff.from LD
LB in6V 11
LB iri6/9" 12
LB H'16/9"
mean 12
1C 11/16/9" 33
LC M'16/97 36
LC 1 1/16/97
mean 33
LD 11/16/97 30
LD 11/16/97 28
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Table 15
Calculations of concentrations in ground water between sites LB and LC
(These calculations backcalculate the concentrations in groundwaler based on changes in chemistry and discharge between LB and LQ 
(See the first set of calculations below for a description of formulas used)
Sample Sample 
name date
LB-1 73'97.
LB-2 7.3/97.
LB-3 73/97,
Mean
Std. Dev.

LC-1 7'3/97,
LC-2 7 '3 '97,
LC-3 7 3'97,
Mean
Std. Dev.

Q[cfs| Inorg-C Sutfate

303 23.4 2.26
332 23.7 2.28

24.2 2.37
318 23.8 2.30

0.4 0.06

398 23.9 2.28
373 23.9 2.31

24.0 2.30
386 23.9 2.30

0.1 0.02

As"

0.6
0.5
0.6
0.6
0.7

0.6
0.6
0.6
0.6
0.0

B»

160
161
171
76V
6

174
173
168
172
3

Ca Cr Cu Fe

25.67 «1) (<0.3) 6
25.81 «l) «0.3) 5
27.13 «h «0.3) 6
26.20 «1) «0.3) 6
0.81 «1) «0.3) 1

27.01 «l) «0.3) 6
27.05 «D «0.3) 6
26.76 «D «0.3) 6
26.94 «l) «OJ) 6
0.16 «1) «0.3) 0

Mean change (mean LC-mean LB)58 0.17 -0.01 0.03 7.7 0.74 (S.Q.nS.Q.) 0.3 
(Conc.inGW)=<(Conc.atLCMproportion of SW from LBXConc.at LB)/(proportion of GW at LQ 
proportion of GW at LC= (Mean change btw. LC & LB /Mean Q at LC) 0. 1 76 
proportion of SWfromLB= (1-MeanQat LB) 0.824 
Backcalcuated cooc.inGW 24.7 2.27 0.8 207 30.38 <N.Q.) (S.Q.) 8

K

0.34
0.34
0.37
0.35
0.02

0.37
0.36
0.34
0.36
0.02
0.01 

0.4

U

1.5
1.5
1.6
7.5
0.7

1.7
1.6
1.6
7.6
0.7
0.10 

2.1

MS

9.31
9.30
9.75
9.45
0.26

9.61
9.68
9.28
9.52
0.27
0.07 

9.85

Mn \a

0.4 0.56
0.4 0.69
0.4 0.50
0.4 0-55
0.0 0.70

0.4 0.60
0.4 0.58
0.4 0.48
0.4 0.55
0.0 0.06
0.00 -0.03 

0.4 0.41

S Si

0.75 2.75
0.77 2.76
0.79 2.91
0.77 2.57
0.02 0.09

0.82 3.00
0.81 2.99
0.74 284
0.79 2.94
0.04 0.09
0.02 0. 14 

0.88 3.58

Sr

37
37
38
37
1

39
39
38
39
I
1.33 

45

Zn

«0.2)
0.8
0.5
0.5
0.4

0.8
0.5
«0.2>
0.5
0.4
(S'.Q.I 

(S.Q.)

LB-1 7.70/97.
LB-2 7'20/97.
LB-3 7/20/97,
Mean
Std. Dev.

LC-l 7. 21, '97,
LC-2 721/97,
LC-3 721/97,
Mean
Std. Dev.
proportion of GW at LC= 
proportion of SWfromLB= 
Backeakuated conc-in GW

191 28.4 2.59
198 28.4 2.50  

28.4 2.77
795 28.4 2.62

0.0 0.14

227 30.0 2.83
225 30.1 2.73
227 30.0 2.76
226 JO.O 2.77

0.7 0.05
0.1406 
0.8594 

40.0 3.71

0.6
0.6
0.6
0.6
0.0

0.6
0.7
0.6
0.6
0.7

0.8

181
184
183
183
2

198
200
200
799
7

301

26.92 «1) «0.3) 6
26.92 «1) 0.3 6
26.90 «1) 0.3 6
26.97 «1) «0.3) 6
0.01 «1) (<0.3) 0

28.52 «1) «0.3) 7
28.96 «1) «0.3) 1
28.76 «1) 0.3 6
28.75 «7) «0.3) 7
0.22 (<1) «0.3) 1

39.95 (N.Q.) (S.Q.) 11

0.36
0.36
0.36
0.36
0.00

0.39
0.39
0.39
0..*9
0.00

0.57

1.7
1.7
1.7
7.7
0.0

1.9
1.9
1.9
7.9
0.0

3.1

10.03
9.99
9.98
10.00
0.03

10.48
10.57
10.56
70.5^
0.05

13.81

0.4 0.73
0.4 0.65
0.4 0.79
0.4 0.72
0.0 0.07

0.3 0.84
0.3 0.71
0.3 0.78
0.3 0.78
0.0 0.07

-0.3 1.10

0.83 2.96
0.85 2.97
0.85 2.97
0.84 2.97
0.01 0.01

0.90 3.20
0.89 3.22
0.90 3.22
0.90 .*.27
0.07 0.07

1.22 4.72

41
41
41
41
0

44
44
44
44
0

62

«0.2>
«0.2)
(<0.2)
f<0.2)
«0.2>

1.0
«0.2)
«0.2)
«0.2)
(<0.2)

(X.Q.)

LB-1 87/97,
LB-2 &7/97,
LB-3 8/7/97,
Mean
Std. Dev.

LC-1 87/97,
LC-2 8/7'97,
LC-3 87/97,  
Mean
Std. Dev.
proportion of GW at LC= 
proportion of SWfromLB= 
Backcakuated conc.ln GW

95 30.9 2.83
102 31.2 2.86

21.3 2.82
99 27.5 2.84

5.6 0.02

133 32.0 3.06
128 31.9 2.93

31.7 2.98
7J7 31.9 2.99

0.2 0.07
0.245 
0.755 

44.4 3.46

0.4
0.4
0.4
0.4
0.0

0.4
0.4
0.5
0.4
0.1

0.5

216
216
219
217
2

236
235
240
237
3

299

31.19 «D «0.3) 7
31.91 «1) «0.3) 1
31.44 «1) «0.3) 1
J7_57 «1) <<0.3) 7
0.37 «1) «0.3) 0

32.29 «1) «0.3) 7
32.14 (<1) «0.3) 1
32.67 «1) «0.3) 8
32.37 «1) «0.3) 7
0.27 «1) «0.3) 1

34.99 (N.Q.) (N.Q.) 8

0.41
0.42
0.42
0.42
0.01

0.45
0.45
0.46
0.45
0.01

0.57

2.1
2.1
2.1
2.7
0.0

2.2
2.3
2.3
2.3
O.I

2.8

11.51
11.68
11.57
77.59
0.09

11.85
11.84
11.82
11.84
0.02

12.61

0.4 0.84
0.4 0.83
0.4 0.89
0.4 0.85
0.0 0.03

0.5 0.80
0.5 0.80
0.5 0.86
0.5 0.52
0.0 0.03

0.8 0.72

0.97 3.33
0.96 3.36
1.00 3.37
0.95 3.35
0.02 0.02

1.00 3.58
1.01 3.58
1.03 3.60
7.07 J.59
0.02 0.07

1.13 4.30

48
47
48
48
1

50
50
51
50
7

58.5

«0.2)
0.3
1.6
0.7
0.5

f<0.2)
1.1
4.6
7.9
2.4

(N.Q.)

LB-1 9/13/97,
LB-2 9/13/97,
LB-3 9/13/97,
Mean
Std. Dev.

LC-1 9/13/97,
LC-2 9/13/97,
LC-3 9/13/97,
Mean
Std. Dev.

proportion of GW at LC= 
proportion of SWfromLB= 
Backcalcuated conc.ln GW

38 34.3 2.85
39 34. 1 2.96

34.3 2.93
39 34.2 2.91

0.1 0.06

64 34.2 3.09
68 34.9 3.15

34.6 3.14
66 34.6 3.13

0.4 0.03

0.417 
0.583 

35.0 3.43

0.4
0.3
0.4
0.4
0.1

0.5
0.5
0.5
0.5
0.0

0.7

256
266
259
260
5

295
299
291
295
4

344

37.44 «1) (<0.3) 7
36.94 (<1) «0.3) 6
38.22 «1) «0.3) 1
37.53 (<1) (<0.3) 7
0.65 «1) «0.3) 1

36.30 «1) «0.3) 5
36.05 «1) «0.3) 5
36.99 (<1) «0.3) 6
36.45 «n «0.3) 5
0.49 «1) (<0.3) I

34.93 (K.O.) (K.Q.) 3

0.50
0.52
0.52
0.57
0.07

0.57
0.57
0.55
0.56
0.07

0.63

2.5
2.5
2.5
2.50
0.0

2.6
2.6
2.6
2.62
0.0

2.8

13.14
13.14
13.34
13.21
0.12

12.84
12.80
12.73
12.79
0.06

12.21

0.3 1.57
0.3 1.57
0.3 1.27
0.3 1.47
0.0 0.17

0.3 1.28
0.3 1.04
0.3 1.35
0.3 1.22
0.0 0.16

03 0.88

1.14 3.80
1.14 3.80
1.09 3.83
7.72 3.81
O.OJ 0.02

1.55 4.15
1.55 4.13
1.38 4.20
1.49 4.16
0.10 0.04

2.01 4.65

53
55
54
54
1

58
58
56
57
1

62

«0.2)
«0.2)
«0.2>
«0.2)
«0.2)

0.2
«0.2)
«0.2)
«0.2)
«0.2)

(N.Q.)

LB-1 11/16/97,
LB-2 11/16/97,
LB-3 11/16/97,
Mean
Std. Dev.

11 35.9 3.06
12 36.9 2.99

35.6 2.96
72 J6.7 3.00

0.7 0.05

0.2
0.3
0.3
0.3
0.1

249
248
247
248
1

35.00 1.0 (<0.3) 6
34.80 1.1 0.3 6
34.72 1.0 «0.3> 6
34.84 1.0 «0.3) 6
0.14 O.I «0.3) 0

0.52
0.52
0.52
0.52
0.00

2.2
2.2
2.2
2.2
0.0

13.09
13.02
13.00
13.04
0.05

«0.3) 1.11
«0..?> 1.09
«0.3) 0.93
«0.3) 1.04
«0.3) 0.10

1.14 3.62
1.14 3.61
1.11 3.59
7.7J J.67
0.02 0.02

53
53
53
53
0

0.5
1.0
«0.2)
0.5
0.4

51



Sample Sample
name date
LC-1 11 1697,
LC-2 111697,
LC-3 111697,
Mean
Std. Dev.
proportion of GW at LC=
proportion of SWfromLB=
Backcakuated cone. in GW

Q (cfs) Inocg. C

36 34.6
33 34.4

34.7
35 34.6

0.2
0.667
0.333

33.8

Sulfate As

3.03 0.6
3.00 0.6
3.04 0.6
3.02 0.6
0.02 0.0

3.03 0.8

Ba

269
265
269
268
2

278

Ca

34.51
34.43
34.165
34.37
0.18

34.13

Cr Cu Fe K

1.2 «0.3) 6 0.53
1.1 «0.3) 6 0.53
1.1 «0.3) 6 0.53
1.1 «0.3) 6 0.53
0.1 «0.3) 0 O.OO

1.2 (N.Q.) 6 0.54

Li

2.3
2.3
2.3
2.3
0.0

2.4

M«

12.87
12.87
12.77
12.84
0.06

12.74

Mn Na

(<0.3) 1.03
«0.3I 0.97
«0.3) 1.12
«0.3) 1.04
«0.3) 0.08

(\.Q.) 1.04

S Si

1.12 4.15
1.09 4.11
1.13 416
1.11 4.14
0.02 0.03

1.11 4.41

Sr

57
56
56
56
/

58

Zn

«0.2)
«0.2)
«0.2>
«0.2)
«0.2)

(N.Q.)

LB-1 1698
LB-2 1/6.98
LB-3 1'698
Mean \ 6 98
Std. Dev.

LC-1 1698
LC-2 1 6 98
LC-3 1 6'98
Mean
Std. Dev.
proportion of GW at LC=
proportion of SWfromLB=
Backcalcuated conc.ln GW

6 34.2
5 35.0

33.8
6 34.3

0.6

26 33.0
26 33.3

32.5
26 32.9

0.4
0.788
0.212

32.6

3.1 0.3
3.2 0.3
3.2 0.3
3.2 0.3
0.1 0.0

3.4 0.8
3.3 0.7
3.4 0.8
3.4 0.8
0.1 0.1

3.4 0.9

245
239
240
241
3

243
250
260
257
8.5

254

35.30
35.65
35.14
35.36
0.26

31.16
31.97
33.08
32.07
0.96

31.19

1.1 «0.3) 6 0.58
1.0 «0.3) 6 0.56
1.1 «0.3) 6 0.57
I.I «0.3) 6 0.57
0.1 «0.3) 0 0.01

1.2 «0.3) 6 0.50
1.2 «0.3) 6 0.51
1.3 «0.3) 6 0.52
1.2 «0.3) 6 031
O.I «0.3) 0 0.01

1.3 <N.Q.) 6 0.49

2.3
2.3
2.3
2.3
0.0

2.2
2.2
2.2
5.2
0.0

2.2

13.06
13.08
12.%
13.03
0.06

11.74
12.01
12.33
12.03
0.30

11.76

«0.3) 0.95
«0.3) 1.02
«0.3> 0.97
«0.3) 0.98
«0.3t 0.04

(<0.3) 0.99
«0.3) 0.95
«0.3) 1.00
«0.3) 0.98
«0.3) 0.03

(N.Q.) 0.98

1.01 3.57
1.02 3.59
1.04 3.58
1.02 3.58
0.02 0.01

1.11 4.03
1.14 4.10
1.10 4.16
1.12 4.10
0.02 0.07

1.14 4.24

53
52
52
52
1

52
53
55
53
2

54

1.0
1.7
2.4
1.7
0.7

0.3
<0.2
<OJ
<OJ
<0.2

(N.Q.)

LB-1 3^/98
LB-2 3 '8/98
LB-3 3 8 98
Mean
Std. Dev.

LC-1 3 '8.98
LC-2 3 8 98
LC-3 3 &98
Mean
Std. Dev.
proportion of GW at LG=
proportion of SWfromLB=
Backcalcuated conc.in G W

1 34.47
33.68
34.67

1 34.27
0.523482

22 33.54
33.78
34.53

22 33.95
0.51643

0.955
0.045

33.9

0.3
0.3
0.3
0.3
0.0

1.0
1.0
1.0
1.0
0.0

1.0

234
232
234
233
1

268
268
269
268

.1

270

33.56
33.37
33.34
33.42
0.1193

32.55
33.22
33.17
32.98
0.37

32.%

«1) <0.8 <5 0.62
«1) <0.8 <5 0.63
«U <0.8 <5 0.64
«1) <0.8 <5 0.63
«1) <0.8 <5 0.01

«1) <0.8 <5 0.60
«1) <0.8 <5 0.58
«1) <0.8 <5 0.58
«1) <0.8 <5 0.59
«1) <0.8 <5 0.01

<\.Q.) (N.Q.) (.\'.Q. 0.58

2.4
2.3
2.4
2.4
0.1

2.2
2.2
2.2
2.2
0.0

2.2

12.87
12.77
12.82
12.82
0.0501

12.85
12.98
12.91
12.91
0.0651

12.92

<0.3 1.78
<OJ 1.72
<0.3 1.57
<OJ 1.69
<0.3 0.108

<0.3 1.25
<0.3 0.93
<0.3 1.10
<0.3 1.10
<0.3 0.157

<\.Q.) 1.07

1.08 3.67
1.07 3.67
1.07 3.68
1.07 3.67
0.006 0.01

2.201 4.16
2. 136 4.09
2.169 4.12
2.17 4.12
0.033 0.04

2.22 4.14

51
51
51
51
0

57
58
58
58
1

58

<03
<0.2
<03
<0.2
<0.2

<03
<0.2
<03
<03
<OJ

(N.Q.)

Compilation: all backcalculated GW concentrations

Backcalcuated conc.in GW
Backcalcuated conc.in GW
Backcalcuated conc.in GW
Backcalcuated conc.in G W
Backcalcuated conc.in GW
Backcalcuated conc.in G W
Backcalcuated conc.in GW

Mean
Stde\

Inorg.C
24.7
40.0
44.4
35.0
33.8
32.6
33.9

34.9
6.2

Compilation: Groundwater seep samples measured
LCSeep 1 11 16/97
LCSeep 2 11/16/97
LCSeep 1 1/6/98
LC Seep 2 1 6 98
LCSeepl 38/98
LC Seep2 3 «/98
LC Seep3 3'8/98

Mean
Stdev

37.9
38.4
35.6
38.1
37.0
37.0
36.7

37.2
1.0

Sulfate As
2.27 0.8
3.71 0.8
3.46 0.5
3.43 0.7
3.03 0.8
3.4 0.9

1.0

3.22 0.8
0.52 0.2

atLC
3.27 0.9
3.25 0.9
3.60 0.9
3.60 0.9

0.9
0.9
1.0

3.43 0.9
0.20 0.0

Ba
207
301
299
344
278
254
270

279
43

311
310
282
281
283
281
281

290
14

Ca
30.38
39.95
34.99
34.93
34.13
31.19
32.%

34.07
3.14

37.19
37.16
35.44
35.44
35.01
3540
35.13

35.82
0.94

Cr Cu Fe K
(N.Q.) (N.Q.) 8 0.39
(N.Q.) (N.Q.) 11 0.57
(N.Q.) (N.Q.) 8 0.57
(N.Q.) (N.Q.) 3 0.63
1.2 (N.Q.) 6 0.54
1.3 (N.Q.) 6 0.49
(N.Q.) (N.Q.) (N.Q. 0.58

1.2 (N.Q.) 7 0.54
O.I 2 0.08

1.2 (<0.3l 7 0.64
1.1 «0.3> 7 0.64
1.3 «0.3) 6 0.60
1.1 «0.3) 6 0.59
(<1) «0.8) «5) 0.64
(<1) «0.8) «5) 0.62
(<1) (<0.8) «5) 0.63

(N.Q.) (N.Q.) (N.Q. 0.62
0.02

Li
2.1
3.1
2.8
2.8
2.4
2.2
2.2

2.5
0.4

2.8
2.8
2.7
2.7
2.6
2.6
2.6

2.7
0.1

Mg
9.85
13.81
12.61
12.21
12.74
11.76
12.92

J2.27
1.24

13.60
13.58
12.87
12.92
13.42
13.40
13.42

13.32
0.30

Mn Na
0.4 0.41
-0.3 1.10
0.8 0.72
0.3 0.88
(N.Q.) 1.04
(N.Q.) 0.98
c,V.f2.) 1-07

0.3 0.89
0.5 0.25

«0.3) 1.39
«0.3) 1.39
«0.3) 1.10
«0.3) 1.06
(<0.3) 1.01
«0.3) 0.97
«0.3) 1.04

(N.Q.) 1.14
0.18

S Si
0.88 3.58
1.22 4.72
1.13 4.30
2.01 4.65
1.11 4.41
1.14 4.24
2.22 4.14

1.39 4.29
0.51 0.38

1.25 5.13
1.24 5.12
1.15 4.81
1.14 4.83
2.18 4.67
2.13 4.61
2.15 4.63

1.61 4.83
0.51 0.22

Sr
45
62
59
62
58
54
58

57
6.0

65
65
62
61
63
62
63

63
2

Zn
(N.Q.)
(N.Q.)
(N.Q.)
(N.Q.)
(N.Q.)
(N.Q.)
(N.Q.)

(N.Q.)

0.3
6.0
1.7
1.6
«0.2)
«0.2>
«0.2)

(N.Q.)

p- values of t-test analyses of difference between calculated and measured GW concentrations
Are the baclccalc. GW cone.
different from seep cone.?
p-value

no
0.343

no no
0.465 0.065

no
0.528

no
0.184

no
0.019

no
0.244

no
0.051

no
0.048

DO yes
0.441 0.007

no
0.021

 N.Q.- NOT QUANTIFIABLE (Typically 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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ag
Al
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
ng/L
^g/L
mg/L
^g/L
ng/L
ng/L
mg/L
ng/L
mg/L
f*g/L
mg/L
mg/L
mg/L
ng/L
ng/L

SNOW 1 
1/6/98, 17:00

(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(<0.8)
(<3)
(<1)
0.11
(<1)
(<0.3)
(<5)
(<0.10)
(<0.5)
0.02
(<0.3)
0.23
0.02
(<0.02)
(<2)
(<0.2)

SNOW 2 
1/6/98, 17:00

(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(NA)
(<0.2)
(<0.8)
(<3)
(<1)
0.07
(<1)
(<0.3)
(<5)
(<0.10)
(<0.5)
0.02
(<0.3)
0.40
0.03
(<0.02)
(<2)
(<0.2)
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Appendix A.

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.

69



A
pp

en
di

x 
B

-l
B

L
A

C
K

FO
O

T
 R

IV
E

R
, S

IT
E

 "
BA

"

-J
 

o

pH
8
.8

- 

8
.6

-

8
.4

-

8
.2

-

K 
-

7
.8

-

7
.6

-

7
.4

-

7
2
-j

B
-l

.l

A
.. '

"Q
. i 

i
O

 
Q

 
Q

 
(S

 
rf

 
05

p

i

1
2

-

11
 -

J
 

^b
 

10
-

S ri

o
 

o
 

55
 

O

D
is

ch
ar

ge
 [

cf
s]

Su
lf

at
e

\5
-i

  
 
  
 
 
  
 
  
 
 r

14
-

) 
13

-

12
-

11
 -

\ 
':

\ \ \

\

6
-
  

    <
10

-1  
 
 \  
 
 i  
 

R 
? 

§

B
-l

. 5

V
--

-C

y
1

8 
 

7
-

D
is

so
lv

ed
 o

xy
ge

n

1 T'"
---

-.. 
1

i
8 

?

B
-1

.2

-4
 i H

i 
i

C
on

du
ct

iv
it

y 
In

or
ga

ni
c 

ca
rb

on

£ 
IB

-1
3 

"5b
 

A
 

B
-1

.4
<£

 
0.

24
-O

N 
 
 

2
7
.5

- 
\

&
 

X
 

§ 
b

>.
 

* 
 £

:£
 

0
.2

2
- 

\
 

c3
 

2
5
-

>
 

N
 

o
'S 

s\
 

«
.§

 
0
.2

- 
0

--
--

-D
 

g
 

2
2
.5

- 
0.

..
C

 
00

O
 

t

0.
1»

 
1 

1 
1 

1 
1 

»l
j 

20
 

| 
1 

T
 

H
g

g
g

 
^
^
^
^
«
^
§
 

^
^
S

S
^

D
is

ch
ar

ge
 [

cf
s]

 
D

is
ch

ar
ge

 [
cf

s]
 

D
is

ch
ar

ge
 [

cf
s|

0
.4

5
- 

 
 

J
 

0
.4

-
"o

b

Li  «

i o
 

o
 

So
 

o

D
is

ch
ar

ge
 [

cf
s]

±
7 ^
 

0.
35

 -

0
3
 -

-p X

8 
S

A
rs

en
ic

IB
-1

.6
J 

T
1 

D 
27

5
'

il.
 

, _
 ,

"o
b 

25
° 

"
^t.

/ 
ca

 
22

5-

""
" 

",
. 

J
 

20
0 

-
""

-o

B
ar

iu
m

 
C

al
ci

um

IB
-1

.7
 ! 

3°
 

A
 

B
-

\
\ 

^
 2

7.
5 

- 
\

\ 
"&

b 
6

b. 
s 

25
-

*' 
  ..

 
«J

""
   

O
...

...
...

.c
 

U
 

2
2
.5

-
'"O

"'"

i 
i 

17
5 

| 
| 

| 
20

 -
j  
 
 
 
 |  
 
 
 |  
 
 
 
 r~

 
v
B

&
o
 

S
2
9

S
S

 
O

O
Q

Q

D
is

ch
ar

ge
 [

cf
s]

 
...

 
. 

, 
r 

. 
D

ls
ch

ar
?c

'c
fs

l 
D

is
ch

ar
ge

 |c
fs

|

D
 

7/
4/

97
 

O
 

8/
8/

97

O
 

7/
20

/9
7 

A
 

9/
14

/9
7



A
pp

en
di

x 
B

-l
B

L
A

C
K

F
O

O
T

 R
IV

E
R

, S
IT

E
 "

BA
"

1.
2 

-i
  
 
 

C
op

pe
r JB

-1
.9

J
1 

.0.
..

b 
0
.8

-

0.
6 

- 

)
0

.4
-

0
.2

-

...  
 '

-L

O"
"

T
/

A 1

s
1 S

i
? 

8
1 s

8

D
is

ch
ar

ge
 [

cf
s|

1
3

-

r-
^
 

1
2

-

~&
b

JI
 

11
-

0
0

^
 

1
0

-

A

M
ag

ne
si

um B
-l

. 1
3

r\

' .,
''v

\..
..

9
-j

  
 
 

o (N
c

i
? 

s
i

-o

8

6
0
- 

5
5

-

J
 

50
~

S
 
4
5
-

£
 

4
0
-

3
5
-

3
0
-

I B
-l

'

Ir
on

 
P

ot
as

si
um

10
 i 

#

/

/ 
V

i-

P"
 

6
A

i
s 

s
1 

1

i -

0.
9-

j 1
° 

0
.8

-

£
0
.7

-

0.
6 

-

L
it

hi
um

IB
-1

. 1
1

. 
A \

\ 
....

...-
 <

1 
1

S
C^

 
C^

 
?5

 
CJ

 
C5

 
5o

 
o
 

oi
 

^
 

\o

>

\

1 8
D

is
ch

ar
ge

 |
cf

s|
 

D
is

ch
ar

ge
 [

el
s |

10
  
 
 
 

9
-

jf
 

8
-

"o
b

S
 

7
-

>§
 

6
-

5
-

4
-

B
-l

M
an

ga
ne

se
 

S
od

iu
m

.14
; 

A
t

/
..O

A

D
is

ch
ar

ge
 |c

fs
|

Z
fr

S
-

~o
b cd
 

2
-

A
 

B
-

b,.
..

'"
 -

..
 

T

|-

2.
75

-1
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 i

A
 

B
-l

. 1
2

2.
5 

- 
\

aj
 2

.2
5-

 
6.

2 
-

 o-
....

,..,
-

1 
75

 -
  
 
 
 
 i  
 
 
 
 i  
 
 
 
 i  
 
 
 -

2
 

R
 

^
 

S
 

S
 

c

D
is

ch
ar

ge
 I

cf
sj

1.1
5

*
 

"0
,..

.

i 
<;

-
i
i
i
 

 - 
ii

O
O

O
O

 
o
o
o
c
 

 T
 

^5
 

oo
 

o
 

C
N

-
'T

M
D

C

D
is

ch
ar

ge
 [

cf
s| 

D
is

ch
ar

ge
 |c

fs
|

D
 

7/
4/

97
 

0
 

8/
8/

97

0
 

7/
20

/9
7 

A
 

9/
14

/9
1

8

u

S
ul

fu
r

6.
5 

-i
  
 
 
 
 ' 

' 
'  
 
 
 
 
 ,

B
-l

. 1
6

^
j
 

:

6
5
- 

\

00
 

4
.5

- 
\

4 
- 

&
 "

""
" 

'""
  T

" "-
"
t
 

3.
5 

H
  
 
 
 |  
 
 
 
 |  
 
 
 
 |  
 
 
 |

- 
a 

? 
s 

8 
8

D
is

ch
ar

ge
 |

cf
s|



IS
5

A
pp

en
di

x 
B

-l
B

L
A

C
K

FO
O

T
 R

IV
E

R
, S

IT
E

 "
BA

"

7.
5

B
-l
.1

7
7

-

6
.5

-

6
-

5.
5

b..

12
0

on
9

0
-

8
0
-

3 
8

D
is

ch
ar

ge
 (

cf
sj

B
-l
. I

S

6.
.

n
i 

i

40

^
 

30

J =£
 

20

N
 

,o 0

? 
8

D
is

ch
ar

ge
 I

ct
sJ

I 
I 

T

9 
8 

S

D
is

ch
ar

ge
 [

cf
sj

D
 

7/
4/

97
 

O
 

8/
7/

97
 

O
 

7/
20

/9
7 

A
 

9/
14

/9
7



A
pp

en
di

x 
B

-2
B

L
A

C
K

FO
O

T
 R

IV
E

R
, S

IT
E

 "
BH

"

8
.4

-

8
.2

-

X
8

-

7
.8

-

^

^
/ ff
l 1

O
 

"O
 

N

o ,  .

pH

\

1 ft

D
is

so
lv

ed
 o

xy
ge

n

B
-2

.1

/
<> i £

p i

1
1

2
-

^
 

N
-

JS
 

10
-

0
 

9
-

Q

7
-

3 : r A.
...

1
 

"" i
§ 

E 
x 

&

B
-2

.2

'"-
  

T
 

1
T   

.
-L I 

i
£ 

§

D
is

ch
ar

ge
 |c

ls
 J 

D
is

ch
ar

ge
 |

cl
s|

16
 -

i  
 
 
 

r
-
, 

1
5
-

j
J 00

 
1
4
-

u~
, <u 

'3
 ~

03 1
3

0
0
 

I
I
-

1
0
-

ffl

Su
lf

at
e

B
-2

.5
 :

/4 ^

<
I

A i  o
 

r-

D
is

ch
ar

ge
 [

el
's

_

U
.6

-

0.
5 

-

"o
b X
 

0.
4 

-

 

c 1 4

I 
u 

z 
-|

  
 
 i  
 

8
 

5
 

0
 

jq

A
rs

en
ic

r i \

C
on

du
ct

iv
it

y
r-

, 
0.

26
 -

e c§
 

° 
24

 ~
g ^
 

0.
22

 -
4

 1  5
 

0
,2

-
o -£

 
0
.1

8
-

c o
0.

16
  

^
 

\ B
-2

.3

\

O
--

-D

i 
I 

i 
i

^o
 

3°
e°   

2
7
.5

- 
C

 
O "£

 
2
5
-

o o
 

'§
 

2
2
.5

-

O J3
 

2
0
-

'O
 

^D
 

*^
) 

C
) 

'O
 

Cp
 

'O
 

C

(D
is

ch
ar

ge
 [

cf
s]

B
ar

iu
m

B
-2

.6

o
..  

.-
r d

2
8

0
-

^
J 

2
6
0
-

"o
o X
 2

4
0

-

OQ
 

2
2
0
-

2(
X

)^

! B
-2

.7
S ; 

 

/ 
':

ff
l 

' 

tf
t

V
 
 D

3
0

--

2
8

-
'"

7

-o
b 

2
6

-

6 ""
" 

2
4
-

B
J

U
2
2
-

s
p
s
g
 

°
a
«

p
§
a
 

°
D

is
ch

ar
ge

 [
cf

s|
D

is
ch

ar
ge

 |c
fs

|

D
 

7/
4/

97
 

O
 

8/
8/

97
 

EH
 

I/ 
18

/9
7 

©
 

3/
8/

98
 

O
 

7/
20

/9
7 

A
 

9/
14

/9
7 

*
 

1/
6/

98

«
)- .5
-

25
 -

.5
-

In
or

ga
ni

c

T 0,

20
-  
 
 ,  
 
 r
  

0 
a 

5?

ca
rb

on B
-2

.4

O.
.

'n
r 

i
 O

 
Q

 
«

r-
 

O
 

r

D
is

ch
ar

ge
 |c

fs
|

C
al

ci
um

3
0
- 

- 
 
 '  
 
 
 
 
 
 
 '

2
8

-

2
6

-

2
4
-

2
2
-

on
  

A
 

B
-2

.8

f
f
i
 

';

r
 Q

,-D
o

D
is

ch
ar

ge
 |c

fs
|



A
pp

en
di

x 
B

-2
B

L
A

C
K

F
O

O
T

 R
IV

E
R

, S
IT

E
 "

BH
"

1.
2 

-r ] -

^o
 °

8
""

at. ^
 0

.6
-

U
 

0
.4

-

0
.2

- c

r-
n

 
1
2
-

*5
b

ji
 n

-
00 ^
 

10
-

9
-

C
op

pe
r

B
-2

.9
p.:

""
n

0'
'

4 i 
i 

i 
i

) 
'O

 
O

 
>/">

 
O

 
" 

<N
 

'o
 

r^
 

o
 

c

D
is

ch
ar

ge
 (

cf
sj

M
ag

ne
si

um

M
 

B
-2

. 1
3

"" 
6 D

is
ch

ar
ge

 [
cf

s|

Ir
on

 
Po

ta
ss

iu
m

 
L

ith
iu

m

B
-2

.1
0;

 
^ 

! B
-2

. 1
1 

"'
" 

£ 
B

-2
.1

2
6

0
 -

 
.
/
 

' '.
. 

0
.9

 
A

 
9 

5 
-
 

5
r
 
 i 

_
/ 

\
 

,  
 
 , 

i 
, _

_
 

A
--

' 
;

1
 

4°
-
 

P
 

°
 
t
 

°-
«
- 

j
 

t
 

2
.2

5
- 

/
\

^
 

2(
)
- 

^
 

0
.7

- 
\
 

J
 

2
- 

i

w
 

»_
 

^
  
 -

   
  
£
]

n
 ..

. 
..

..
 

. 
^ 

/- 
"-

1
0 

I 
I 

1 
1 

0.
6 

1 
I 

I 
I 

l.
/^

-j
  
 
 
 |  
 
 
 |  
 
 
 |  
 
 
 }  
 
 
 \

) 
O

 
'O

 
O

 
"O

 
Q

 
V

) 
O

 
iO

 
O

 
<O

 
O

 
"O

 
r-

i 
i<-

v 
/-<

 
!/-

> 
1^

1 
i/^

: 
r
i
'T

i
r
-
O

H
 

N
 

ft
 

r-
 

0
 

rj
 

c
Q

^
J
^
S

c
Q

 

D
is

ch
ar

ge
 [

cf
s| 

D
is

ch
ar

ge
 f

cf
s]

 
D

is
ch

ar
ge

 |c
fs

|

M
an

ga
ne

se
 

So
di

um
 

Su
lf

ur
1
0
 

. 
. 

3
..
>

 
' 

; 
 
 ' 

D
 

O
 

l
^
i

: B
-2

. 1
4'

 
^,

. 
|B

-2
. 1

5 
6-

 
B
'z

-lt
>

j
 

8"
 

/
 
\
 

3
 

3'
 

*A
 

3-
 

°A
^
 

D
 

^
 

*
/ 

^
 

s-
 

oo
 

/ 
oo

 
; /

 
oo

 
*

-
 

6
"
 

/
 

S
 

2
'5

"
 

&
 

S
 

^
 

A
C2

 
^
-
 

Jf
fl

 
u
_
 

A
 

..
..
.-

O
..
..
.

1
 

4
. 

/
 

2
 

°
\
 

^
 

4
- 

°"
""

 
'""

D

^
A

 
°"

""
"
a
 

3 
, 

, 
, 

,
1 

2
H

  
 
 
 |  
 
 
 |  
 
 
 |  
 
 
 |  
 
 
 

1
.5

- 
 
 
 
 i  
 
 
 i  
 
 
 i  
 
 
 i  
 
 
 

-' 
i 

1 
1 

i
IA

> 
A

 
I 

I 
1 

I 
O

 
'O

 
O

 
'O

 
Q

 
'^ 

' i
 

O
 

*O
 

O
 

i O
 

5c
 

' ̂
 

O
 

' O
 

O
 

*O
 

O
 

' O
 

^
 

**
i 

f^
" 

Q
 

^ 
^
 

CN
 

'*
) 

r^
 

O
 

f*
^ 

(*
^ 

iy
^ 

f-
- 

o
 

CN
 

"^
 

* 

D
is

ch
ar

ge
 [

cf
s| 

D
is

ch
ar

ge
 |c

fs
| 

D
is

ch
ar

ge
 |c

fs
|

D
 

7/
4/

97
 

O
 

8/
8/

97
 

ffl
 

11
/1

8/
97

 
©

 
3/

8/
98

 

O
 

7/
20

/9
7 

A
 

9/
14

/9
7 

*
 

1/
6/

98



Ap
pe

nd
ix 

B-
2 

B
L

A
C

K
FO

O
T

 R
IV

E
R

, S
IT

E
 "

 B
H

 "

c/

Si
lic

a

^
i \\ o..

. '  ..

S
tr

on
ti

um

B
-2

. 1
7

"o
-,.

  -
a

i
1 

5? 
{

1
2
0
- 

1
1

0
-

td
 

10
0-

oo XT
 

*}
-

oo
8
0
-

Z
in

c

.$
T

 
B

-2
.1

8
i iV

jJi
^ 6

o.
D

Z
J 

2
0
-

=t
.

r
j N
 

l()
"

n
-

lB
-2

.1
9

1 
T

 
T

 
1 

,.
-°

O
' 

J_

/[
T

/
f 
i 

^ 
-

 
 
 
 
 |  
 
 
 
 

/U
-
|  
 
 
 
 |  
 
 
 
 |  
 
 
 
 |  
 
 
 
 |  
 
 
 
 | 

" 
1 

1 
1 

1
__

 
^^

^ 
_,

^ 
<

^$
 

l/
^
 

^
)
 

l/
^
 

^
p
 

\f
*\

D
is

ch
ar

ge
 (

cf
s|

D
is

ch
ar

ge
 (

cf
s]

D
 

7/
4/

97
 

O

O
 

7/
20

/9
7 

A

D
is

ch
ar

ge
 [

cf
s|

8/
8/

97
 

ff
l 

11
/1

8/
97

 
©

 
3/

8/
98

9/
14

/9
7 

*
 

1/
6/

98



A
pp

en
di

x 
B

-3
B

L
A

C
K

F
O

O
T

 R
IV

E
R

, S
IT

E
 "

BB
"

a,

16

r
-
, 

1
5

-

"S
b 

14
-

e ^7 
I3

~
^
 

12
-

3 ^
 

in
 

10

pH
8

.4
-
-
  

  
 

8
.3

-

8
.2

-

8.
1 

-

8
-

7
.9

-

1
0
  

"3
J 

P
Q

 
/

ei 
\
 

/ <*

a 
s 

P 
8 

a
D

is
ch

ar
ge

 [
cf

sj

Su
lf

at
e

B
-3

.5

O
 

"O
»O

'O
 

r4

D
is

ch
ar

ge
 f

cf
s]

11 
-

.
1 I
 

9
-

d Q
 

8
-

7
-

D
is

so
lv

ed
 o

xy
ge

n

fl
 

:B-
3'2

.i
 

,. 
T

1 
""

" 1 
1

1 
1 

1 
1

C
on

du
ct

iv
ity

r-
 0

.2
7-

 

^
 

0.
26

-
O

O E
n 

9-N
  

^
 0

.2
4-

4
 1 !S
 

0
.2

3
-

4
 1 3
 

0
.2

2
-

-o g
 

0
.2

1
-

^
 

0.
2 

-

gg 
: B

-3
 .3

6.

 
 
 1  
 
 i  
 
 iO

  P
  
 

J
 

3
0

- 

6
 

27
.5

-
c O

 
2S

 -
U-

,
C3 '3
 §»
 

20
"

o ja 
i7.

5-

In
or

ga
ni

c 
ca

rb
on

? 
B

-3
 .4

 
A

6,
.. 

o
"d

i 
i 

i 
i

8 
3 

8 
S 

8 
§ 

° 
a 

5? 
£ 

8 
g 

° 
3 

8 
£ 

8 
?

D
is

ch
ar

ge
 [

cf
sj

 
 
 . 

, 
, 

r 
. 

D
is

ch
ar

ge
 [

cf
s]

 
D

is
ch

ar
ge

 f
cf

s]

A
rs

en
ic

 
B

ar
iu

m
 

C
al

ci
um

u.
o 

-

[_F
 °

-5
~

~S
b

^
*

£
 

0.
4 

-
^

0
.3

-

B
-3

.6
 

5
..-  

-* 
,O

T
 ,-

-'
0"

/ & 1 
1 

1 
1

z 
/o

2
5
0
-

J ^
 

22
5 

-
03 DQ

2(
X)

 -

17
5-

B
-3

.7
:\ ffl 

b

 °
--

.g

1 
1 

1 
1

JU
 -

r-
, 

27
.5

-
J G

 
2

5
-

03 U
 

22
.5

-

2
0

-

1 
B-3

-8
\ 6

  . v°
i 

i 
i 

i
° 

s 
8 

£ 
§ 

g 
° 

a 
s? 

$ 
8 

a 
° 

a 
8 

£ 
§ 

if
D

is
ch

ar
ge

 [
cf

s]
 

D
is

ch
ar

ge
 [

cf
s |

  
 

D
is

ch
ar

ge
 [

cf
s |

D
 

7/
4/

97
 

O
 

8/
8/

97
 

EH
 

11
/1

6/
97

O
 

7/
20

/9
7 

A
 

9/
14

/9
7



A
pp

en
di

x 
B

-3
B

L
A

C
K

FO
O

T
 R

IV
E

R
, S

IT
E

"B
B

"

1 -
j  
 
 

0
.8

-

IS
, 

0.
6 

-
 i 3

 
J

0
.4

-

0
2

 -

B
-3

.9 ^^

C
op

pe
r 0,

'n

O ir ^r* Bp

0
 

 / r 5
i 

i
Q

 
</"

>
«?*)

 
r-

i

6
0

-

J
 

5()
~

"Sb 2t
, 

4
0

-

£
 

3
0
-

2
0
-

in
  

B
-3

.

Ir
o
n

Po
ta

ss
iu

m
 

L
it

hi
um

10
 

T
 

.O
,- 

' i
\

0"
"

b
4 _j_ m

1
V

/ 
|

cQ 
° 

"

D
is

ch
ar

ge
 |c

l's
|

1
4

-

1
3
-

^ "o
b 

12
- 

S oo
 

II
-

s
1
0
-

9
-

5

M
ag

ne
si

um B
-3

.
i f

13

A

h

° 
a

o-
i 

i
Q

 
'O

i/i
 

r^

 a i 8

J
 

1
0

-
"Sb B ^

o-

5
5?

 
r'

D
is

ch
ar

ge

i
2 

i
|c

fs
|

M
an

ga
ne

se

$

B
' A i

>
.-

.-
..
.^

I 
l

i/-
> 

O
 

in
 

Q
 

 / 
^
 

(N
 

<A
 

r^

D
is

ch
ar

ge
 |

cf
s|

D
 

7/
4/

97

O
 

7/
20

/9
7

0.
95

 -
 

0.
9 

-

r-
n
 

0
.8

5
-

C
 
 
 

0
.7

5
-

^
 

0.
7 

-

0.
65

 -

^
 

: 
B

-
3
. 

1
1

A

6-.
...

'""
^.

D

3
- 

2
.8

-
'-

j
"o

b 
2'

6
~

"
 

2
.4

-

2
.2

-

B
-3

.1
2

Q A.
* 

\
 .. V

 n

^N
J 

O
 

'A
 

O
 

'O
 

O
 

'O
 

O
 

'^
 

O
 

'O
 

O
 

'^
i 

 i 
cJ

 
*/)

 
f**-

 
o
 

CN
 

CN
 

' )
 

r^-
 

^
 

c^

D
is

ch
nr

ge
 |

cf
s|

 
D

is
ch

ar
ge

 |
cl

s|

So
di

um
 

Su
lf

ur

B
-3

. 1
4 

i

'a i
} 

§
D

is
ch

ar
ge

 |
cl

's
|

o A

3
.3

-

3
-

'"
T

=d
 

2
.7

-
0

0 g  
 

2
.4

-

Z
 

2
.1

-

1
.8

-

; B
-3

. 1
5

T  ^

t 6..
o.

n

o
-

5.
5 

-
t i
 

5-
^
 

4
.5

-
00

4
-

3.
5 

-

B
-3

. 1
6;

: 4 \ \ .
..,.-

    "
 \

Q
i 

i 
i 

i
3 

° 
a 

5* 
P 

8 
§ 

°
^
^
|
0

8
?

D
is

ch
ar

ge
 |

cf
s|

 
D

is
ch

ar
ge

 |
cl

s|

8/
8/

97
 

ff
l 

11
/1

6/
97

9/
14

/9
7



-J 0
0

Ap
pe

nd
ix 

B-
3 

B
L

A
C

K
FO

O
T

 R
IV

E
R

, S
IT

E
 "

 B
B"

7
.5

-

7
-

"B
fl e 

6.5
-

^
^

GO
 

6
-

^
 
-
N

-

f
f
i 4*

S
il

ic
a

B
-3

. 1
7

h..

0.
'n

1
4

U
-

13
0-

1  
 ' 

12
0-

^
 

no
-

1  
 '

c/5
 

10
0-

9
0

-

&

S
tr

on
ti

um

-r
 

B
-3

 Q

'O

Z
in

c
f\f

18

'd

2
0
-

j
1

^
 

"5
"

c 
10

 -
N

5
-

0
-

B
-3

.1
9 

T
T̂   

D

/
 

1
S

p
'

^

a
JQ

«o (S

D
is

ch
ar

ge
 [

cf
sj

D
is

ch
ar

ge
 [

cf
s]

D
is

ch
ar

ge
 [

cf
s]

D
 

7/
4/

97
 

O
 

8/
8/

97
 

ffl
 

11
/1

6/
97

 

O
 

7/
20

/9
7 

A
 

9/
14

/9
7



A
pp

en
di

x 
B

-4
B

L
A

C
K

FO
O

T
 R

IV
E

R
, S

IT
E

 "
BC

"

vo

8
.2

-

8.
1 

-

7
.9

-

7
.8

-

7
.7

-

T
 -

^
e"

r~ 
i

0 
a

pH p. 5?
1

B-
4.

1

' ..
O 8 

! 3
D

is
ch

ar
ge

 |c
fs

]

16
-

^ j ~o
b e 0,^
 

i ^
>

3 
12

3 0/5
 

10
-

T ff
l.

>

0 
a

S
ul

fa
te

6-
-

5?

D
is

ch
ar

ge

B
-4

.5
 1

iP

.. o

r £ 4

s 
a

Id
s]

1
4

-

i  
 i

d
 

12
-

0
0 ê  
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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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APPENDIX C-1
COPPER CREEK-AT FISHING ACCESS 
SITE "C", ON 7/3/97

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

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr

Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
Mg/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L

US/L

8.4 8.4 8.4
9.8 9.8 9.8
0.18 0.18 0.18
10.1 10.1 10.1
20.9 20.9 20.9
19.9 19.9 20.0

(<1) (<1) (<1)
(<0.05) (<0.05) (<0.05)
1.85 1.81 1.85
0.6 0.6 0.6
164 171 164
21.70 22.55 21.80

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
555
0.2 0.2 0.2
0.8 0.8 0.8
7.89 8.10 7.89
0.5 0.6 0.6
0.52 0.50 0.57
0.60 0.63 0.61
2.62 2.73 2.61
34 35 34

(<0.2) (<0.2) 0.9

Mean Std. Dev.

8.4 0.0
9.8 0.0
0.18 0.00
10.1 0.0
20.9 0.0
19.9 0.0

(<1) (<1)
(<0.05) (<0.05)
1.84 0.02
0.6 0.0
166 4
22.02 0.46

(<1) (<1)
(<0.3) (<0.3)
5 0
0.2 0.0
0.8 0.0
7.96 0.12
0.6 0.0
0.53 0.03
0.61 0.01
2.65 -0.07
34 1

0.4 0.5

COPPER CREEK-AT FISHING ACCESS 
SITE "C", ON 7/20/97

C-1.2
Sample name C-1 C-2 C-3 
Sample date, approx. time 7/20/97, 1 9:00 7/20/97, 1 9:00 7/20/97, 1 9:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
ng/L
H9/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3 8.3 8.3
9.7 9.7 9.7
0.19 0.19 0.19
9.0 9.0 9.0
14.3 14.3 14.3
23.9 24.2 24.0

(<1) (<1) (<1)
(<0.05) (<O.OS) (<0.05)
2.05 2.34 2.01
0.6 0.7 0.7
193 191 191
23.07 23.15 23.10

(< >) (<D (<D
0.4 0.3 0.3
666
0.25 0.25 0.25
0.9 1.0 0.9
8.56 8.56 8.53
0.5 0.5 0.5
0.63 0.58 0.53
0.69 0.67 0.66
2.88 2.86 2.86
39 39 39
<0.2 <0.2 <0.2

Mean Std. Dev.

8.3 0.0
9.7 0.0
0.2 0.0
9.0 0.0
14.3 0.0
24.0 0.2

(<D (<D
(<0.05) (<0.05)
2.13 0.18
0.7 0.0
192 1
23.11 0.04

(<D (<D
0.3 0.0
6 0
0.25 0.00
0.9 0.0
8.55 0.02
0.5 0.0
0.58 0.05
0.67 0.01
2.87 0.01
39 0
<0.2 <0.2
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APPENDIX C-1
COPPER CREEK-AT FISHING ACCESS 
SITE "C", ON 8/7/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
H9/L
mg/L
ng/L
ng/L
Mfl/L

mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
W3/L
ug/L

8.3 8.3 8.3
11.5 11.5 11.5
0.22 0.22 0.22
8.1 8.1 8.1
19.1 19.1 19.1
27.0 27.0 27.8
(NA) (NA) (NA)
(<O.OS) (<0.05) (<0.05)
2.38 2.43 2.46
0.5 0.5 0.4
245 256 266
29.65 30.93 31.28

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
777
0.31 0.32 0.34
1.3 1.3 1.3
11.19 11.64 11.80
0.4 0.4 0.5
0.64 0.79 0.72
0.70 0.67 0.67
3.22 3.20 3.21
49 51 52
1 .2 (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
11.5 0.0
0.22 0.00
8.1 0.0
19.1 0.0
27.2 0.5

(NA) (NA)
(<0.05) (<O.OS)
2.42 0.04
0.5 0.0
256 11
30.62 0.86

(<1) (<1)
(<0.3) (<0.3)
7 0
0.32 0.02
1.3 0.0
11.54 0.32
0.4 0.0
0.71 0.08
0.68 0.02
3.21 0.01
51 2
(<0.2) (<0.2)

COPPER CREEK-AT FISHING ACCESS 
SITE "C", ON 9/1 3/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L

mg/L
mg/L
mg/L
ng/L
ug/L

8.3 8.3 8.3
10.5 10.6 10.5
(NA) (NA) (NA)
6.6 6.6 6.6

(NA) (NA) (NA)
29.9 29.7 29.5
(<1) (<1) (<1)
(<O.OS) (<O.OS) (<O.OS)
2.77 2.88 2.57
0.5 0.5 0.5
270 269 267
32.4 32.97 32.80
(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
7.2 , 7 7
0.36 0.36 0.36
1.4 1.5 1.4
11.9 12.22 12.18
0.3 0.3 0.3
1.4 1.23 1.45
1.01 0.98 1.00
3.81 3.80 3.73
49 51 51
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
10.5 0.1
(NA) (NA)
6.6 0.0
(NA) (NA)
29.7 0.2

(<}) (<1)
(<0.05) (<0.05)
2.74 0.16
0.5 0.0
269 2
32.72 0.29
(<1) (<1)
(<0.3) (<0.3)
7 0
0.36 0.00
1 .4 0.0
12.09 0.19
0.3 0.0
1.34 0.11
1.00 0.02
3.78 0.05
51 1
(<0.2) (<0.2)
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APPENDIX C-1
COPPER CREEK-AT FISHING ACCESS 
SITE "C", ON 1 /6/98

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
M'Q/L
M^g/L
Mfl/L
mg/L
ng/L
mg/L
jxg/L

mg/L
mg/L
mg/L
ng/L
ng/L

8.1 8.1 8.1

(NA) (NA) (NA)
0.24 0.24 0.24
0.1 0.1 0.1
-4.7 -4.7 -4.7
27.3 26.7 26.7
(<1) (<1) (<1)
(<0.05) (<0.05) (<0.05)
3.0 3.1 3.0
0.5 0.5 0.5
260 258 255
30.45 30.48 29.65
1.2 1.1 1.2
(<0.3) (<0.3) (<0.3)
666
0.38 0.38 0.38
1 .4 1 .4 1 .4
12.15 12.17 11.98
(<0.3) (<0.3) (<0.3)
1.02 0.99 1.04
0.96 0.94 0.96
3.94 3.93 3.86
49 49 48
0.2 0.7 1.7

Mean Std. Dev.

8.1 0.0
(NA) (NA)
0.2 0.0
0.1 0.0
-4.7 0.0
26.9 0.3
(<1) (<1)
(<0.05) (<0.05)
3.0 0.1
0.5 0.0
258 2
30.19 0.47
1.2 0.0
(<0.3) (<0.3)
6 0
0.38 0.00
1.4 0.0
12.10 0.10
(<0.3) (<0.3)
1.01 0.02
0.95 0.01
3.91 0.04
49 1
0.9 0.7
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APPENDIX C-2
LANDER'S FORK
SITE "LA", ON 7/3/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
s
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
(tg/L
M9/L
mg/L
M9/L
M9/L
W3/L
mg/L
H9/L
mg/L
M9/L
mg/L
mg/L
mg/L
H9/L
ug/L

8.5 8.5 8.5
9.2 9.2 9.2
0.22 0.22 0.22
11.1 11.1 11.1
1 1 .0 1 1 .0 1 1 .0
24.2 24.3 24.3

(<D 1-3 (<1)
(<0.05) (<0.05) (<0.05)
2.47 2.49 2.46
0.6 0.6 0.6
131 132 127
27.33 27.69 26.68

(<D (<1) (<1)
(<0.3) (<0.3) (<0.3)
665
0.40 0.40 0.39
2.1 2.1 2.1
9.95 10.07 9.78
0.3 0.3 0.3
0.57 0.55 0.50
0.87 0.86 0.83
2.69 2.71 2.63
36 36 35
0.5 (<0.2) 0.4

Mean Std. Oev.

8.5 0.0
9.2 0.0
0.22 0.00
11.1 0.0
1 1 .0 0.0
24.3 0.1

(<D (<D
(<0.05) (<0.05)
2.47 0.01
0.6 0.0
130 2
27.23 0.51

(<D (<D
(<0.3) (<0.3)
6 0
0.40 0.01
2.1 0.0
9.93 0.15
0.3 0.0
0.54 0.04
0.85 0.02
2.67 0.04
36 1
0.3 0.2

LANDER'S FORK
SfTE "LA", ON 7/20/97

C-2.2
Sample name LA-1 LA-2 LA-3 
Sample date, approx. time 7/20/97, 1 6:30 7/20/97, 1 6:30 7/20/97, 1 6:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
U
Mg
Mn
Na
S
a
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.3 8.3 8.3
8.8 8.8 8.8
0.22 0.22 0.22
12.8 12.8 12.8
16.7 16.7 16.7
28.8 28.8 28.9

(<1) (NA) (<1)
(<0.05) (<0.05) (<0.05)
2.84 2.88 2.74
0.4 0.4 0.6
1 44 1 43 1 42
27.79 27.94 27.65

(<1) (<D (<1)
(<0.3) (<0.3) (<0.3)
666
0.41 0.41 0.41
2.3 2.4 2.4
10.47 10.52 10.49
0.4 0.4 0.4
0.71 0.62 0.76
0.93 0.90 0.92
2.74 2.74 2.74
39 39 39

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
8.8 0.0
0.22 0.00
12.8 0.0
16.7 0.0
28.8 0.0

(<1) (<1)
(<0.05) (<0.05)
2.82 0.08
0.5 0.1
143 1
27.79 0.15

(<1) (<1)
(<0.3) (<0.3)
6 0
0.41 0.00
2.3 0.1
10.49 0.03
0.4 0.0
0.70 0.07
0.92 0.01
2.74 0.00
39 0
(<0.2) (<0.2)
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APPENDIX C-2
LANDER'S FORK
SITE "LA", ON 8/7/97

C-2.3
Sample name LA-1 LA-2 LA-3 
Sample date, approx. time 8/7/97, 1 0:30 8/7/97, 1 0:30 8/7/97, 1 0:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
U
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
i^g/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
Mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L

8.6 8.6 8.6
10.1 10.1 10.1
0.26 0.26 0.26
13.5 13.5 13.5
23.8 23.8 23.8
31.8 31.8 31.7

(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
3.11 3.10 3.23
0.4 0.4 0.4
161 162 166
31.75 32.42 32.54

(<1) (<1) (<1)
(<0.3) (<0.3) 0.7
667
0.43 0.44 0.43
2.7 2.7 2.7
11.91 12.12 12.16

(<0.3) (<0.3) (<0.3)
0.86 0.90 0.80
1.11 1.11 1.08
3.04 3.10 3.03
45 46 46
(<0.2) (<0.2) 0.2

Mean Std. Dev.

8.6 0.0
10.1 0.0
0.26 0.00
13.5 0.0
23.8 0.0
31.7 0.0

(NA) (NA)
(<0.05) (<0.05)
3.15 0.07
0.4 0.0
163 3
32.24 0.43

(<1) (<T)
(<0.3) (<0.3)
7 0
0.43 0.00
2.7 0.0
12!06 0.13
(<0.3) (<0.3)
0.85 0.05
1.10 0.02
3.05 0.04
46 1
(<0.2) (<0.2)

LANDER'S FORK
SITE "LA", ON 9/1 3/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.2 8.2 8.2
9.3 9.4 9.4

(NA) (NA) (NA)
11.5 11.5 11.5

(NA) (NA) (NA)
35.1 34.6 35.2

(<D (<D (<D
(<0.05) (<0.05) (<0.05)
3.43 3.50 3.40
0.3 0.4 0.3
1 94 1 92 1 92
39.77 39.54 39.75

(<D (<1) (<1)
(<0.3) (<0.3) (<0.3)
777

0.51 0.49 0.49
3.3 3.3 3.3
14.41 14.35 14.37

(<0.3) (<0.3) (<0.3)
1.21 1.58 1.41
1.32 1.35 1.31
3.29 3.29 3.28
55 54 55
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.2 0.0
9.4 0.1

(NA) (NA)
11.5 0.0

(NA) (NA)
35.0 0.3

(<D (<D
(<0.05) (<0.05)
3.44 0.05
0.3 0.0
192 1
39.69 0.13

(<D (<D
(<0.3) (<0.3)
7 0
0.50 0.01
3.3 0.0
14.38 0.03
(<0.3) (<0.3)
1.40 0.19
1.33 0.02
3.29 0.01
55 0
(<0.2) (<0.2)
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LANDER'S FORK
SITE "LB", ON 7/3/97

APPENDIX C-3

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
M9/L
WI/L
mg/L
ng/L
M9/L
ng/L
mg/L
H9/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.4 8.4 8.4
9.20 9.20 9.2
0.21 0.21 0.21
(NA) (NA) (NA)
(NA) (NA) (NA)
23.4 23.7 24.2

(<1) (<1) (<1)
(<0.05) (<O.OS) (<O.OS)
2.26 2.28 2.37
0.6 0.5 0.6
160 161 171
25.67 25.81 27.13
(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
656
0.34 0.34 0.37
1.5 1.5 1.6
9.31 9.30 9.75
0.4 0.4 0.4
0.56 0.69 0.50
0.75 0.77 0.79
2.75 2.76 2.91
37 37 38
(<0.2) 0.8 0.5

Mean Std. Dev.

8.4 0.0
9.2 0.0
0.21 0.00
(NA) (NA)
(NA) (NA)
23.8 0.4
(<1) (<D
(<O.OS) (<O.OS)
2.30 0.05
0.5 0.0
164 6
26.20 0.81

(<1) (<1)
(<0.3) (<0.3)
5 0.2
0.35 0.02
1.6 0.0
9.45 0.26
0.4 0.0
0.59 0.10
0.77 0.02
2.80 0.09
37 1
0.5 0.3

LANDER'S FORK
SITE "LB", ON 7/20/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
W3/L
mg/L
MS/I-

MS/l-

MQ^L
mg/L

W3/L

mg/L

ng/L

mg/L

mg/L

mg/L

W3/L

ng/L

7.9 7.9 7.9
9.0 9.0 9.0
0.22 0.22 0.22
10.0 10.0 10.0
12.9 12.9 12.9
28.4 28.4 28.4

(<1) (<1) (<1)
(<0.05) (<O.OS) (<O.OS)
2.59 2.50 2.77
0.6 0.6 0.6
181 184 183
26.92 26.92 26.90
(<1) (<1) (<1)
(<0.3) 0.3 0.3
666
0.36 0.36 0.36
1.7 1.7 1.7
10.03 9.99 9.98
0.4 0.4 0.4
0.73 0.65 0.79
0.83 0.85 0.85
2.96 2.97 2.97
41 41 41

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

7.9 0.0
9.0 0.0
0.22 0.00
10.0 0.0
12.9 0.0
28.4 0.0
(<1) (<1)
(<O.OS) (<0.05)
2.62 0.14
0.6 0.0
182 2
26.91 0.01

(<1) (<1)
(<0.3) (<0.3)
6 0
0.36 0.00
1.7 0.0
10.00 0.03
0.4 0.0
0.72 0.07
0.85 0.01
2.96 0.01
41 0
(<0.2) (<0.2)
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APPENDIX C-3
LANDER'S FORK
SITE "LB", ON 8/7/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
ng/L
H9/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.2 8.2 8.2
10.3 10.3 10.3
0.24 0.24 0.24
11.5 11.5 11.5
27.5 27.5 27.5
30.9 31.2 31.3

(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
2.83 2.86 2.82
0.4 0.4 0.4
216 216 219
31.19 31.91 31.44
1.0 (<1) (<1)
(<0.3) (<0.3) (<0.3)
777
0.41 0.42 0.42
2.1 2.1 2.1
11.51 11.68 11.57
0.4 0.4 0.4
0.84 0.83 0.89
0.97 0.96 1 .00
3.33 3.36 3.37
48 47 48
(<0.2) 0.3 1 .6

Mean Std. Dev.

8.2 0.0
10.3 0.0
0.24 0.00
11.5 0.0
27.5 0.0
31.2 0.2

(NA) (NA)
(<0.05) (<0.05)
2.84 0.02
0.4 0.0
217 1
31.51 0.37

(<1) (<D
(<0.3) (<0.3)
7 0
0.42 0.01
2.1 0.0
11.59 0.09
0.4 0.0
0.85 0.03
0.98 0.02
3.35 0.02
48 0
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 
Sample date, approx. time 9/1 3/97, 1 4:00 9/1 3/97, 1 4:00 9/1 3/97, 1 4:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3 8.3 8.3
9.4 9.4 9.4

(NA) (NA) (NA)
10.3 10.3 10.3

(NA) (NA) (NA)
34.3 34.1 34.3

(<1) (<1) (<1)
(<0.05) (<0.05) (<0.05)
2.85 2.96 2.93
0.4 0.3 0.4
256 266 259
37.44 36.94 38.22

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
767
0.50 0.52 0.52
2.5 2.5 2.5
13.14 13.14 13.34
0.3 0.3 0.3
1.57 1.57 1.27
1.14 1.14 1.09
3.80 3.80 3.83
53 55 54

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
9.4 0.0

(NA) (NA)
10.3 0.0

(NA) (NA)
34.2 0.1

(<1) (<D
(<0.05) (<0.05)
2.91 0.06
0.3 0.0
260 5
37.53 0.65

(<D (<D
(<0.3) (<0.3)
7 0
0.51 0.01
2.5 0.0
13.21 0.12
0.3 0.0
1.47 0.17
1.12 0.03
3.81 0.02
54 1
(<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 

Sample date, approx. time 1 1 /1 6/97, 09:00 1 1 /1 6/97, 09:00 1 1 /1 6/97, 09:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ug/L
ug/L
mg/L
M9/L
M9/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
liCj/L

7.6 7.7 7.6
(Not calibrating  too cold)
0.27 0.27 0.27
2.1 2.1 2.1
-7.5 -7.5 -7.5
35.9 36.9 35.6
(<1) 1 (<1)
(<0.05) (<0.05) (<0.05)
3.06 2.99 2.96
0.2 0.3 0.3
249 248 247
35.00 34.80 34.72
1.0 1.1 1.0
(<0.3) 0.3 (<0.3)
666
0.52 0.52 0.52
2.2 2.2 2.2
13.09 13.02 13.00

(<0.3) (<0.3) (<0.3)
1.11 1.09 0.93
1.14 1.14 1.11
3.62 3.61 3.59
53 53 53
0.5 1 .0 (<0.2)

Mean Std. Dev.

7.6 0.0

0.27 0.00
2.1 0.0
-7.5 0.0
36.2 0.7

(<1) (<1)
(<0.05) (<0.05)
3.00 0.05
0.3 0.0
248 1
34.84 0.14
1.0 0.1
(<0.3) (<0.3)
6 0
0.52 0.00
2.2 0.0
13.04 0.05
(<0.3) (<0.3)
1.04 0.10
1.13 0.02
3.60 0.02
53 0
(<0.2) (<0.2)

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

C-3.6
Sample name LB-1 LB-2 LB-3 
Sample date, approx. time 1 /6/98, 1 0:00 1 /6/98, 1 0:00 1 /6/98, 1 0:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/crn
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ug/L
ug/L
mg/L
ng/L
ug/L
ug/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
[xg/L
ng/L

7.6 7.6 7.6
15.0-17.0
0.27 0.27 0.28
3.1 3.1 3.1
0.2 0.2 0.2
34.2 35.0 33.8

(<1) (<1) (<1)
0.05 0.05 0.05
3.1 3.2 3.2
0.3 0.3 0.3
245 239 240
35.30 35.65 35.14
1.1 1.0 1.1

(<0.3) (<0.3) (<0.3)
666
0.58 0.56 0.57
2.3 2.3 2.3
13.06 13.08 12.96

(<0.3) (<0.3) (<0.3)
0.95 1.02 0.97
1.01 1.02 1.04
3.57 3.59 3.58
53 52 52
1.0 1.7 2.4

Mean Std. Dev.

7.6 0.0
1 5.0-1 7.0
0.27 0.01
3.1 0.0
0.2 0.0
34.3 0.6

(<1) (<1)
0.05 0.00
3.2 0.1
0.3 0.0
242 3
35.36 0.26
1.1 0.1
(<0.3) (<0.3)
6 0
0.57 0.01
2.3 0.0
13.03 0.06
(<0.3) (<0.3)
0.98 0.03
1.02 0.02
3.58 0.01
52 1
1.7 0.7
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APPENDIX C-3
LANDER'S FORK 
SITE "LB", ON 3/8/98

C-3.7
Sample name LB-1 LB-2 LB-3 
Sample date, approx. time 3/8/1 998, 1 1 :30 3/8/1 998, 1 1 :30 3/8/1 998, 1 1 :30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
i^g/L
i^g/L
mg/L
i^g/L
ng/L
i^g/L
mg/L
ng/L
mg/L
fig/L

mg/L
mg/L
mg/L
M-g/L
M^g/L

7.7 7.6 7.7

CAM; (NA) (NA)
(NA) (NA) (NA)
4.0 3.9 4.0
-1.3 -1.3 -1.2
34.5 33.7 34.7

(NA) (NA) (NA)
(NA) (NA) (NA)
(NA) (NA) (NA)
0.3 0.3 0.3
234 232 234
33.56 33.37 33.34

(<1) (<1) (<1)
(<0.8) (<0.8) (<0.8)
(<5) (<5) (<5)
0.62 0.62 0.64
2.4 2.3 2.4
12.87 12.77 12.82

(<0.3) (<0.3) (<0.3)
0.86 1.06 0.77
1.05 1.07 1.07
3.7 3.67 3.68
51 51 51

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

7.7 0.0

(NA) (NA)
(NA) (NA)
4.0 0.1
-1.3 0.1
34.3 0.5

(NA) (NA)
(NA) (NA)
(NA) (NA)
0.3 0.0
233.2 1.1
33.42 0.12

(<1) (<1)
(<0.8) (<0.8)
(<5) (<5)
0.63 0.01
2.4 0.0
12.8 0.1
(<0.3) (<0.3)
0.89 0.15
1.06 0.01
3.7 0.0
51 0
(<0.2) (<0.2)
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LANDER'S FORK Hyporheic zone samples: Sampler 1 (East bank) 
SITE "LB-HZ1", ON 11 /I8/97

APPENDIX C-3

C-3.8
Sample name LB-HZ1 
Sample depth 1 0cm 
Sample date, approx. time 1 1 /1 8/97, 1 1 :00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
W3/L
mg/L
W3/L
M9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
t*9/L
M9/L

8.0
11.5
0.28
4.3
1.8
34.6
(<D
(<0.05)
2.98
0.2
245
34.86
1.0
0.4
6
0.51
2.2
12.95
(<0.3)
2.18
1.25
3.59
53
(<0.2)

LB-HZ1 
20cm
11/18/97, 11:00

8.0
10.8
0.28
4.2
1.8
34.5
(<D
(<0.05)
2.98
0.2
246
34.74
1.0
(<0.3)
6
0.53
2.2
12.89
(<0.3)
1.10
1.13
3.58
53
(<0.2)

LB-HZ1 
40cm
11/18/97, 11:00

8.0
11.5
0.28
4.9
1.8
35.2
(<V
0.05
2.99
0.3
246
34.61
1.0
(<0.3)
6
0.53
2.2
12.94
(<0.3)
1.22
1.14
3.58
52
0.2

LB-HZ1 
85cm
11/18/97, 11:00

8.2
8.3
0.29
5.3
1.8
38.2
1.8
0.06
3.90
0.2
260
36.08
1.2
(<0.3)
9
0.66
2.8
14.20
35.5
1.28
1.19
4.18
62
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 LB-SPRING 
Sample date, approx. time 1 /6/98, 1 1 :00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
W3/L
H9/L
mg/L
t*9/L
W3/L
ng/L
mg/L
W3/L
mg/L
t*9/L
mg/L
mg/L
mg/L
t*9/L
ug/L

(NA)
(NA)
(NA)
(NA)
(NA)
34.8
(<D
0.05
3.34
0.4
214
34.61
1.0
(<0.3)
6
0.41
2.0
12.96
(<0.3)
0.88
1.07
3.37
50
1.8
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LANDER'S FORK
SITE "LC", ON 7/3/97

APPENDIX C-4

C-4.1
Sample name LC-1 LC-2 LC-3 
Sample date, approx. time 7/3/97, 09:00 7/3/97, 09:00 7/3/97, 09:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
Mg/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
M9/L
mg/L
mg/L
mg/L
Mg/L
ug/L

8.3 8.3 8.3
9.8 9.8 9.8
0.21 0.21 0.21
6.9 6.9 6.9
(NA) (NA) (NA)
23.9 23.9 24.0
(<1) (<1) (<1)
(<O.OS) (<0.05) (<O.OS)
2.28 2.31 2.30
0.6 0.6 0.6
174 173 168
27.01 27.05 26.76

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
6 66
0.37 0.36 0.34
1.7 1.6 1.6
9.61 9.68 9.28
0.4 0.4 0.4
0.60 0.5.8 0.48
0.82 0.81 0.74
3.00 2.99 2.84
39 39 38
0.8 0.5 0.2

Mean Std. Dev.

8.3 0.0
9.8 0.0
0.21 0.00
6.9 0.0
(NA) (NA)
23.9 0.1

(<D (<V
(<O.OS) (<0.05)
2.30 0.02
0.6 0.0
172 3
26.94 0.16

(<1) (<1)
(<0.3) (<0.3)
6 0
0.36 ' 0.01
1.6 0.1
9.52 0.21
0.4 0.0
0.55 0.07
0.79 0.04
2.94 0.09
39 1
0.5 0.3

LANDER'S FORK
SITE "LC", ON 7/21/97

C-4.2
Sample name LC-1 LC-2 LC-3 
Sample date, approx. time 7/21/97,08:00 7/21/97,08:00 7/21/97,08:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
L
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
Mg/L
M9/L
Mg/L
mg/L
Mg/L
mg/L
Mg/L
mg/L
mg/L
mg/L
^/L
M9/L

8.1 8.1 8.1
(NA) (NA) (NA)
0.23 0.23 0.23
7.4 7.4 7.4
11.5 11.5 11.5
30.0 30.1 30.0
(<D (<D (<D
(<0.05) (<0.05) (<O.OS)
2.83 2.73 2.76
0.6 0.7 0.6
1 98 200 200
28.52 28.96 28.76

(<D (<D (<D
(<0.3) (<0.3) 0.3
7 76
0.39 0.39 0.39
1.9 1.9 1.9
10.48 10.57 10.56
0.3 0.3 0.3
0.84 0.71 0.78
0.90 0.89 0.90
3.20 3.22 3.22
44 44 44
1 .0 (<0.2) (<0.2)

Mean Std. Dev.

8.1 0.0
(NA) (NA)
0.23 0.00
7.40 0.00
11.5 0.0
30.0 0.1

(<D (<D
(<O.OS) (<O.OS)
2.77 0.05
0.6 0.0
199 1
28.75 0.22
(<1) (<1)
(<0.3) (<0.3)
7 0
0.39 0.00
1.9 0.0
10.54 0.05
0.3 0.0
0.78 0.06
0.90 0.01
3.21 0.01
44 0
(<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 
Sample date, approx. time 8/7/97, 1 4:00 8/7/97. 1 4:00 8/7/97, 1 4:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
MS/L

MS/L

mg/L
H9/L
ng/L
Hg/L

mg/L
ng/L

mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
MQ/L

8.2 8.2 8.2
10.1 10.1 10.1
0.25 0.25 0.25
12.3 12.3 12.3
24.4 24.4 24.4
32.0 31.9 31.7

(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
3.06 2.93 2.98
0.4 0.4 0.5
236 235 240
32.29 32.14 32.67

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
778
0.45 0.45 0.46
2.2 2.3 2.3
11.85 11.84 11.82
0.5 0.5 0.5
0.80 0.80 0.86
1.00 1.01 1.03
3.58 3.58 3.60
50 50 51
(<0.2) 1.1 4.6

Mean Std. Dev.

8.2 0.0
10.1 0.0
0.3 0.0
12.3 0.0.
24.4 0.0
31.9 0.2

(NA) (NA)
(<0.05) (<0.05)
2.99 0.07
0.4 0.0
237 3
32.37 0.27

(<1) (<1)
(<0.3) (<0.3)
7 1

0.46 0.00
2.3 0.0
11.84 0.02
0.5 0.0
0.82 0.04
1.01 0.01
3.59 0.01
50 1
1.9 2.3

LANDER'S FORK
SITE "LC", ON 9/1 3/97

C-4.4
Sample name LC-1 LC-2 LC-3 
Sample date, approx. time 9/1 3/97, 1 5:00 9/1 3/97, 1 5:00 9/1 3/97, 1 5:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
fig/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3 8.3 8.3
9.4 9.5 9.4

(NA) (NA) (NA)
9.8 9.8 9.8

(NA) (NA) (NA)
34.2 34.9 34.6

(<D (<D (<1)
(<0.05) (<0.05) (<0.05)
3.09 3.15 3.14
0.5 0.5 0.5
295 299 291
36.30 36.05 36.99

(<D (<D (<1)
(<0.3) (<0.3) (<0.3)
556
0.57 0.57 0.55
2.6 2.6 2.6
12.84 12.80 12.73
0.3 0.3 0.3
1.28 1.04 1.35
1.55 1.55 1.38
4.15 4.13 4.20
58 58 56
0.2 (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
9.4 0.1

(NA) (NA)
9.8 0.0

(NA) (NA)
34.6 0.4

(<D (<D
(<O.OS) (<O.OS)
3.13 0.03
0.5 0.0
295 4
36.45 0.49

(<1) (<D
(<0.3) (<0.3)
5 0
0.56 0.01
2.6 0.0
12.79 0.06
0.3 0.0
1.22 0.17
1.49 0.10
4.1 6 0.04
57 1
(<0.2) (<0.2)
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APPENDIX C-4
LANDER'S FORK
SITE "LCH, ON 10/19/97

C-4.5
Sample name LC-1 LC-2 LC-3 
Sample date, approx. time 1 0/1 9/97, 1 0:00 1 0/1 9/97, 1 0:00 1 0/1 9/97, 1 0:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
M9/L
M9/L
mg/L
M9/L
M9/L
ng/L
mg/L
W3/L
mg/L
M9/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.5 8.5 8.4
13.2-14.0

(NA) (NA) (NA)
7.2 7.2 7.2

(NA) (NA) (NA)
34.6 34.7 35.1
(<1) (<1) (<D
(<O.OS) (<O.OS) (<0.05)
2.99 3.00 3.03
0.5 0.5 0.5
232 220 235
30.27 29.87 31.53

(<D (<D (<D
(<0.3) (<0.3) (<0.3)
667
0.43 0.39 0.42
2.2 2.2 2.2
10.34 10.15 10.73
(<0.3) (<0.3) (<0.3)
1.34 1.27 1.19
1.42 1.38 1.31
4.13 4.11 4.12
44 42 45
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.5 0.0
13.2-14.0

(NA) (NA)
7.2 0.0
(NA) (NA)
34.8 0.3
(<D (<D
(<O.OS) (<O.OS)
3.00 0.02
0.5 0.0
229 8
30.56 0.87
(<1) (<1)
(<0.3) (<0.3)
6 0
0.41 0.02
2.2 0.0
10.41 0.30
(<0.3) (<0.3)
1.27 0.07
1.37 0.05
4.12 0.01
43 1
(<0.2) (<0.2)

LANDER'S FORK
SITE "LC", ON 11 /I 6/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
M9/L
mg/L
ng/L
M9/L
M9/L
mg/L
M9/L
mg/L
M9/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.94 7.98 7.94
12.5-13.5
0.27 0.27 0.27
6.0 6.0 6.0
0.4 0.4 0.4
34.6 34.4 34.7

(<D (<1) (<1)
(<0.05) (<O.OS) (<0.05)
3.03 3.00 3.04
0.6 0.6 0.6
269 265 269
34.51 34.43 34.165
1.2 1.1 1.1
(<0.3) (<0.3) (<0.3)
666
0.53 0.53 0.53
2.3 2.3 2.3
12.87 12.87 12.77
(<0.3) (<0.3) (<0.3)
1.03 0.97 1.12
1.12 1.09 1.13
4.15 4.11 4.16
57 56 56
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

7.95 0.02
12.5-13.5
0.27 0.00
6.0 0.0
0.4 0.0
34.6 0.2
(<D (<1)
(<O.OS) (<0.05)
3.02 0.02
0.6 0.0
268 2
34.37 0.18
1.1 0.1
(<0.3) (<0.3)
6 0
0.53 0.00
2.3 0.0
12.84 0.06
(<0.3) (<0.3)
1.04 0.08
1.11 0.03
4.14 0.02
56 0
(<0.2) (<0.2)
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APPENDIX C-4
LANDER'S FORK
SITE "LC", ON 1X6/98

C-4.7
Sample name LC-1 LC-2 LC-3 
Sample date and approx. time 1 76/98, 1 3:00 1 X6/98, 1 3:00 1 /6/98, 1 3:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ug/L

8.0 8.0 8.0
15-19
0.27 0.26 0.27
4.0 4.0 4.0
0.6 0.6 0.6
33.0 33.3 32.5
1.1 (<1) (<1)
0.05 0.05 (<0.05)
3.4 3.3 3.4
0.8 0.7 0.8
243 250 260
31.16 31.97 33.08
1.2 1.2 1.3
(<0.3) (<0.3) (<0.3)
666
0.50 0.51 0.52
2.2 2.2 2.2
11.74 12.01 12.33
(<0.3) (<0.3) (<0.3)
0.99 0.95 1.00
1.11 1.14 1.10
4.03 4.10 4.16
52 53 55
0.3 <0.2 <0.2

Mean Std. Dev.

8.0 0.0
15-19
0.27 0.01
4.0 0.0
0.6 0.0
32.9 0.4

(<1) (<1)
(<0.05) (<0.05)
3.4 0.1
0.8 0.0
251.0 8.9
32.07 0.96
1 .2 0.0
(<0.3) (<0.3)
6 0
0.51 0.01
2.2 0.0
12.03 0.30
(<0.3) (<0.3)
0.98 0.03
1.12 0.02
4.10 0.06
53 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 
Sample date and approx. time 3/8/98, 1 2:30 3/8/98, 1 2:30 3/8/98, 1 2:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ug/L

7.8 7.8 7.8
(NA) (NA) (NA)
(NA) (NA) (NA)
5.1 5.1 5.0
0 0.1 0.1
33.5 33.8 34.5
(NA) (NA) (NA)
(NA) (NA) (NA)
(NA) (NA) (NA)
1 .0 1 .0 1 .0
268 268 269
32.55 33.22 33.77
(<1) (<1) (<1)
(<0.8) (<0.8) (<0.8)
(<5) (<5) (<5)
0.60 0.58 0.58
2.2 2.2 2.2
12.85 12.98 12.91
(<0.3) (<0.3) (<0.3)
1.25 0.93 1.10
1.19 1.15 1.17
4.16 4.09 4.12
57 58 58
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

7.8 0.0
(NA) (NA)
(NA) (NA)
5.1 0.1
0.1 0.1
34.0 0.5

(NA) (NA)
(NA) (NA)
(NA) (NA)
1 .0 0.0
268.5 0.2
33.0 0.4
(<1) (<1)
(<0.8) (<0.8)
(<S) (<5)
0.59 0.01
2.2 0.0
12.9 0.1
(<0.3) (<0.3)
1.1 0.2
1.2 0.0
4.1 0.0
57.5 0.7
(<0.2) (<0.2)
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Ground water seep at LENDER'S FORK C Site 
"LCSeep", ON 11/16/97

APPENDIX C-4

C-4.9
Sample Name LC Seep 
Sample date, approx. time 1 1 /I 6/97, 1 2:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
ng/L
H9/L
ng/L
mg/L
ng/L
mg/L
M9/L
mg/L
mg/L
mg/L
H9/L
ng/L

7.4
8
0.29
6.6
0.4
37.9
(<1)
0.05
3.27
0.9
311
37.19
1.2
f<0.3;
7
0.64
2.8
13.60
(<0.3;
1.39
1.25
5.13
65
0.3

LC Seep Field Dup.
11/16/97, 12:00

7.4
9
0.29
6.6
0.4
38.4
(<D
0.05
3.25
0.9
310
37.16
1.1
(<0.3)
7
0.64
2.8
13.58
(<0.3)
1.39
1.24
5.12
65
0.3

Ground water seep at LANDER'S FORK C Site 
"LC Seep", ON 1 /6/98

C-4.10
Sample name LC Seep 
Sample date, approx. time 1 /6/98, 1 3:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
(iQ/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.4
13
0.29
5.3
0.6
35.6
(<D
0.05
3.6
0.9
282
35.44
1.3
(<0.3)
6
0.60
2.7
12.87
(<0.3)
1.10
1.15
4.81
62
1.6

LC Seep F.Dup 
1/6/98, 13:00

7.4
14
0.29
5.3
0.6
38.1
(<D
0.05
3.6
0.9
281
35.78
1.1
(<0.3)
6
0.59
2.7
12.92
(<0.3)
1.06
1.14
4.83
61
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 
Sample date, approx. time 3/8/98

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
M,g/i_
M,g/i_
mg/L
ng/L
M9/L
M9/L
mg/L
ng/L
mg/L
^g/L
mg/L
mg/L
mg/L
MXJ/L
ng/L

7.4
6.7
0.26
4.4
8
35.8
(<1)
(NA)
(NA)
0.9
283
35.01
(<1)
(<0.8)
(<5)
0.64
2.6
13.42
(<0.3)
1.01
1.18
4.67
63
(<0.2)

LC Seep Field Dup.
3/8/98

7.47
6.9
0.27
4.4
8.1
35.8
(<1)
(NA)
(NA)
1.0
281
35.40
(<1)
(<0.8)
(<5)
0.62
2.6
13.40
(<0.3)
0.97
1.15
4.61
62
(<0.2)
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APPENDIX C-4
LANDER'S FORK Hyporheic zone samples: Sampler 1 (East bank) 
SITE "LC-HZ1", ON 10/19/97

C-4.13

Sample name LC-HZ1 
Sample depth 5cm 
Sample date 10/19/97

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/l
mg/l
mg/l
mg/l
HO/1
1*0/1
mg/l
ng/i
1*0/1
1*0/1
mg/l
1*0/1
mg/l
1*0/1
mg/l
mg/l
mg/l
1*0/1
HQ/I

8.3
12
not meas.
7.8
not meas.
35.3
(<D
(<0.05)
3.02
0.5
287
37.92
(<D
(<0.3)
7
0.53
2.5
12.59
(<0.3)
1.41
1.17
4.17
54
(<0.2)

LC-HZ1 
15cm 
10/19/97

8.3
10
not meas.
7.4
not meas.
34.7
(<D
(<0.05)
3.01
0.5
285
37.44
(<D
(<0.3)
7
0.53
2.5
12.52
(<0.3)
1.37
1.18
4.17
53
(<0.2)

field duplicate 
LC-HZ1 
15cm 
10/19/97

8.3
10
not meas.
7.3
not meas.
34.9
(<D
(<0.05)
2.99
0.5
282
36.82
(<V
(<0.3)
7
0.52
2.5
12.50
(<0.3)
1.36
1.17
4.14
53
(<0.2)

LC-HZ1 
35cm 
10/19/97

8.3
9
not meas.
7.3
not meas.
34.7
(<D
(<0.05)
3.02
0.5
284
36.61
(<D
(<0.3)
7
0.54
2.5
12.37
(<0.3)
1.36
1.18
4.14
53
(<0.2)

LC-HZ1 
55cm 
10/19/97

8.3
10
not meas.
7.9
not meas.
34.7
(<1)
(<0.05)
3.04
0.5
287
36.92
(<D
(<0.3)
7
0.54
2.5
12.41
(<0.3)
1.36
1.21
4.18
53
(<0.2)

LC-HZ1 
80cm
10/19/97

8.3
9
not meas.
7.4
not meas.
34.8
(<D
(<0.05)
3.01
0.5
283
36.59
(<D
(<0.3)
7
0.54
2.5
12.48
(<0.3)
1.38
1.19
4.13
52
(<0.2)

LANDER'S FORK Hyporheic zone samples: Sampler 2 (West bank) 
SITE "LC-HZ2", ON 10/19/97

C-4.14

Sample name LC-HZ2 
Sample depth 1 0cm 
Sample date 10/19/97

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg.C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
uQ/L

uQ/L

ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.4
12
not meas.
not meas.
not meas.
34.8
(<1)
(<0.05)
3.05
0.5
280
37.09
(<1)
(<0.3)
7
0.53
2.5
12.64
(<0.3)
1.50
1.18
4.15
52
(<0.2)

LC-HZ2 
20cm 
10/19/97

8.4
10
not meas.
not meas.
not meas.
34.6
(<V
(<O.OS)
3.04
0.6
279
36.90
(<1)
(<0.3)
6
0.53
2.5
12.52
(<0.3)
1.41
1.16
4.12
52
(<0.2)

LC-HZ2 
40cm 
10/19/97

8.4
9
not meas.
not meas.
not meas.
34.7
(<1)
(<0.05)
3.02
0.5
281
36.29
(<1)
(<0.3)
7
0.53
2.5
12.39
(<0.3)
1.35
1.18
4.11
52
(<0.2)

LC-HZ2 
60cm
10/19/97

8.4
10
not meas.
not meas.
not meas.
34.8
(<V
(<0.05)
3.02
0.5
283
37.03
(<1)
(<0.3)
7
0.53
2.5
12.53
(<0.3)
1.44
1.18
4.16
53
(<0.2)

field duplicate 
LC-HZ2 LC-HZ2 
60cm 82cm
10/19/97 10/19/97

8.4
9
not meas.
8.5
not meas.
34.7
(<1)
(<0.05)
3.02
0.5
279
36.71
(<1)
(<0.3)
7
0.53
2.5
12.48
(<0.3)
1.42
1.17
4.11
52
(<0.2)

8.4
9
not meas.
not meas.
not meas.
34.8
(<1)
(<0.05)
3.05
0.5
277
37.14
(<1)
(<0.3)
7
0.52
2.5
12.61
(<0.3)
1.45
1.15
4.12
52
(<0.2)
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APPENDIX C-5
LANDER'S FORK
SITE MLDH, ON 7/20/97

C-5.1
Sample name LD-1 LD-2 LD-3 
Sample date, approx. time 7/20/97, 1 4:00 7/20/97, 1 4:00 7/20/97, 1 4:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
ng/L
H9/L
mg/L
H9/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.4 8.4 8.4
9.3 9.3 9.3
0.22 0.22 0.22
10.8 10.8 10.8
23.0 23.0 23.0
29.2 30.1 30.0

(<V (<D (<D
(<0.05) (<0.05) (<0.05)
2.92 2.55 2.64
0.6 0.6 0.6
195 196 197
28.01 27.82 27.96

(<T) (<1) (<1)
(<0.3) (<0.3) (<0.3)
666
0.39 0.39 0.39
1.8 1.8 1.8
10.26 10.29 10.23
0.6 0.6 0.6
0.75 0.61 0.69
0.88 0.87 0.89
3.17 3.16 3.17
43 43 43

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.4 0.0
9.3 0.0
0.2 0.0
10.8 0.0
23.0 0.0
29.8 0.5

(<D (<V
(<0.05) (<0.05)
2.7 0.2
0.6 0.0
196 1
27.93 0.10

(<1) (<1)
(<0.3) (<0.3)
6 0
0.39 0.00
1.8 0.0
10.26 0.03
0.6 0.0
0.68 0.07
0.88 0.01
3.16 0.00
43 0
(<0.2) (<0.2)

LANDER'S FORK
SITE "LD", ON 8/7/97

C-5.2
Sample name LD-1 LD-2 LD-3 
Sample date, approx. time 8/7/97, 1 5:00 8/7/97, 1 5:00 8/7/97, 1 5:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
H9/L

8.5 8.5 8.5
10.1 10.1 10.1
0.26 0.26 0.26
13.9 13.9 13.9
28.6 28.6 28.6
32.3 32.2 31.5

(NA) (NA) (NA)
(<0.05) (<0.05) (<O.OS)
3.0 3.0 2.9
0.5 0.5 0.5
236 234 234
33.01 32.81 32.75

(<1) (<T) (<1)
(<0.3) (<0.3) (<0.3)
777
0.45 0.45 0.45
2.2 2.2 2.2
11.86 11.81 11.82
0.5 0.5 0.5
0.79 0.88 0.81
0.96 0.96 0.95
3.55 3.52 3.53
50 49 50
0.4 0.5 1.3

Mean Std. Dev.

8.5 0.0
10.1 0.0
0.3 0.0
13.9 0.0
28.6 0.0
32.0 0.4

(NA) (NA)
(<O.OS) (<O.OS)
3.0 0.0
0.5 0.0
235 1
32.86 0.14

(<V (<T)
(<0.3) (<0.3)
7 0
0.45 0.00
2.2 0.0
11.83 0.03
0.5 0.0
0.83 0.05
0.96 0.01
3.53 0.02
50 0
0.7 0.5
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APPENDIX C-5
LANDER'S FORK
SITE "LD", ON 9/1 4/97

C-5.3
Sample name LD-1 LD-2 LD-3 
Sample date, approx. time 9/1 4/97, 1 1 :30 9/1 4/97, 1 1 :30 9/1 4/97, 1 1 :30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
H9/L
ng/L
ng/L
mg/L
ng/L
mg/L
W3/L
mg/L
mg/L
mg/L
ng/L
tig/L

8.3 8.3 8.3
(AW,) (NA) (NA)
(NA) (NA) (NA)
9.8 9.8 9.8
(NA) (NA) (NA)
34.4 34.0 33.7
(<1) (<1) (<1)
(<0.05) (<0.05) (<0.05)
3.01 3.01 3.09
0.5 0.5 0.5
300 290 297
36.33 37.08 36.46

(<D (<D (<D
(<0.3) (<0.3) (<0.3)
565
0.57 0.55 0.56
2.6 2.5 2.7
12.87 12.77 12.91
0.3 0.3 0.3
1.00 1.29 1.00
1.55 1.37 1.53
4.16 4.19 4.15
58 56 58
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.3 0.0
(NA) (NA)
(NA) (NA)
9.8 0.0
(NA) (NA)
34.0 0.4
(<1) (<1)
(<0.05) (<0.05)
3.03 0.04
0.5 0.0
296 5
36.62 0.40

(<D (<1)
(<0.3) (<0.3)
5 0
0.56 0.01
2.6 0.1
1 2.85 0.07
0.3 0.0
1.10 0.17
1.48 0.10
4.17 0.02
57 1
(<0.2) (<0.2)

LANDER'S FORK
SITE "LD", ON 11/16/97

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

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
W3/L
W3/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
H9/L

8.0 8.0 8.0
(NA) (NA) (NA)
0.27 0.28 0.27
5.5 5.5 5.5
1.0 1.0 1.0
34.8 34.5 34.7

(<D (<1) (<D
(<0.05) (<0.05) ' (<0.05)
3.01 3.01 2.98
0.7 0.7 0.6
266 263 267
34.25 34.33 33.75
1.1 1.0 1.1
(<0.3) (<0.3) (<0.3)
666
0.54 0.53 0.54
2.3 2.3 2.3
12.84 12.79 12.71
(<0.3) (<0.3) (<0.3)
0.94 1.20 0.95
1.09 1.09 1.10
4.10 4.08 4.07
56 56 56
(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.0 0.0
(NA) (NA)
0.27 0.01
5.5 0.0
1.0 0.0
34.7 0.2

(<1) (<1)
(<0.05) (<0.05)
3.00 0.02
0.7 0.0
265 2
34.11 0.32
1.1 0.1
(<0.3) (<0.3)
6 0
0.54 0.01
2.3 0.0
12.78 0.07
(<0.3) (<0.3)
1.03 0.15
1.09 0.01
4.08 0.01
56 0
(<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 
Sample date, approx. time 1 /6/98, 1 7:30 1 /6/98, 1 7:30 1 /6/98, 1 7:30

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
(ig/L
mg/L
M9/L
ng/L
Mg/L
mg/L
|ig/L
mg/L
[ig/L
mg/L
mg/L
mg/L
Mg/L
Mg/L

8.1 8.1 8.1

(NA) (NA) (NA)
0.27 0.27 0.27

(NA) (NA) (NA)
(NA) (NA) (NA)
33.6 34.0 33.0

(<1) (<1) (<1)
0.05 0.05 0.05
3.4 3.4 3.3
0.7 0.8 0.7
262 260 261
32.10 32.11 32.83
1.4 1.3 1.3

(<0.3) (<0.3) (<0.3)
666
0.53 0.53 0.53
2.2 2.2 2.3
12.03 12.00 12.32

(<0.3) (<0.3) (<0.3)
0.97 0.95 1.19
1.13 1.12 1.10
4.06 4.07 4.06
55 55 56
0.2 0.3 (<2)

Mean Std. Dev.

8.1 0.0

(NA) (NA)
0.27 0.00

(NA) (NA)
(NA) (NA)
33.5 0.5

(<1) (<1)
0.05 0.00
3.4 0.1
0.7 0.0
261 1
32.35 0.42
1.3 0.1
(<0.3) (<0.3)
6 0
0.53 0.00
2.2 0.0
12.12 0.18
(<0.3) (<0.3)
1.04 0.13
1.11 0.02
4.06 0.01
55 0

(<2) (<2)

LANDER'S FORK
SITE "LD", ON 3/8/98

C-5.6
Sample Name LD-1 LD-1 LD-1 
Sample date, approx. time 3/8/98, 1 6:45 3/8/98, 1 6:45 3/8/98, 1 6:45

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
(xg/L

mg/L
Mg/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
Mg/L
mg/L
mg/L
mg/L
Mg/L
ng/L

8.0 8.0 8.0

CAM; (NA) (NA)
(NA) (NA) (NA)
5.1 5.1 5.2
-2.1 -1.8 -2
33.6 34.0 33.4

(NA) (NA) (NA)
(NA) (NA) (NA)
(NA) (NA) (NA)
1.0 0.9 0.9
265 268 262
33.20 33.36 32.97

(<1) (<1) (<1)
(<0.8) (<0.8) (<0.8)
(<5) (<5) (<5)
0.58 0.59 0.58
2.2 2.2 2.2
12.96 12.99 12.85

(<0.3) (<0.3) (<0.3)
0.99 0.75 0.90
1.17 1.15 1.12
4.04 4.08 4.01
58 58 57

(<0.2) (<0.2) (<0.2)

Mean Std. Dev.

8.0 0.0

(NA) (NA)
(NA) (NA)
5.1 0.1
-2.0 0.2
33.7 0.3

(NA) (NA)
(NA) (NA)
(NA) (NA)
0.9 0.0
265.0 265.1
33.2 33.1

(<1) (<1)
(<0.8) (<0.8)
(<5) (<5)
0.6 0.6
2.2 2.2
12.9 12.9
(<0.3) (<0.3)
0.9 0.8
1.1 1.1
4.0 4.0
57.6 57.5
(<0.2) (<0.2)
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APPENDIX C-6
HOGUM CREEK- AT HOGUM CREEK BRIDGE 
SITE "HC", ON 11/18/97

C-6.1
Sample name HC-1 HC-2 HC-3 
Sample date, approx. time 1 1 /I 8/97, 1 6:00 1 1 /I 8/97, 1 6:00 1 1 /I 8/97, 1 6:00

Units
pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
H9/L
mg/L
WJ/L
H9/L
H9/L
mg/L
ng/L
mg/L
H9/L
mg/L
mg/L
mg/L
ng/i-
ng/L

7.5 7.5 7.6
CAW; (NA) (NA)
0.18 0.17 0.18
0.0 0.0 0.0
-1.4 -1.4 -1.4
23.3 23.1 23.2
1.6 1.9 1.8
0.11 0.11 0.11
7.99 8.08 8.06
0.3 0.2 0.3
146 148 146
21.92 22.01 22.19
1.1 1.1 1.0

(<0.3) (<0.3) (<0.3)
68 65 68
0.84 0.84 0.84
4.4 4.4 4.4
7.71 7.72 7.77
20.6 20.6 20.7
5.48 5.56 5.53
2.75 2.77 2.72
8.69 8.74 8.72
433 436 435
(<8) (<8) (<8)

Mean Std. Dev.

7.6 0.0
(NA) (NA)
0.18 0.01
0.0 0.0
-1.4 0.0
23.2 0.1
1.8 0.2
0.1 1 0.00
8.04 0.04
0.3 0.0
147 1
22.04 0.14
1.1 0.0
(<0.3) (<0.3)
67 2
0.84 0.00
4.4 0.0
7.73 0.03
20.6 0.1
5.52 0.04
2.75 0.02
8.72 0.03
435 1
(<8) (<8)

HOGUM CREEK- AT HOGUM CREEK BRIDGE 
SITE "HC", ON 1 /G/98

C-6.2
Sample name HC-1 HC-2 HC-3 
Sample date, approx. time 1 /6/98, 1 4:30 1 /6/98, 1 4:30 1 /6/98, 1 4:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
S
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.6 7.6 7.6
12.0-13.0
0.20 0.20 0.20
0.0 0.0 0.0
-0.9 -0.9 -0.9
28.8 29.0 29.8
1.4 1.5 1.5
0.12 0.12 0.12
10.10 10.10 10.10
0.2 0.3 0.3
140 141 140
22.02 21.92 21.73
1.3 1.3 1.3
(<0.3) (<0.3) (<0.3)
56 56 58
0.78 0.77 0.77
4.6 4.4 4.5
7.67 7.62 7.55
16.4 16.4 16.3
5.30 5.33 5.37
2.91 2.96 2.93
8.04 8.04 7.98
436 438 434
(<8) (<8) (<8)

Mean Std. Dev.

7.6 0.0
12.0-13.0
0.20 0.00
0.0 0.0
-0.9 0.0
29.2 0.6
1.5 0.1
0.12 0.00
10.10 0.00
0.2 0.0
141 1
21.89 0.15
1.3 0.0
(<0.3) (<0.3)
56 1
0.77 0.00
4.5 0.1
7.61 0.06
16.3 0.1
5.33 0.03
2.93 0.03
8.02 0.03
436 2
(<8) (<8)
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APPENDIX C-7
BLACKFOOT RIVER- FUTHEST UPSTREAM SITE 
SITE "BA", ON 7/4/97

C-7.1
Sample name BA-1 BA-2 BA-3 
Sample date, approx. time 7 74/97, 1 2:00 7/4/97, 1 2:00 7 /A/97, 1 2:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
M9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
H9/L

8.2 8.2 8.2
8.7 8.7 8.7
0.20 0.20 0.20
13.1 13.1 13.1
23.0 23.0 23.0
20.4 20.3 20.5
1.8 1.6 1.4
(<0.05) (<0.05) (<0.05)
10.82 10.85 10.82
0.4 0.4 0.4
201 200 195
22.31 22.62 22.19

(<1) (<1) (<1)
0.8 0.9 0.8
40 43 44
0.62 0.61 0.60
1.8 1.8 1.8
9.62 9.72 9.64
7.4 7.5 7.3
1.66 1.78 1.73
3.95 3.97 3.87
5.62 5.66 5.58
76 77 75
25.3 27.7 29.0

Mean Std. Dev.

8.2 0.0
8.7 0.0
0.20 0.00
13.1 0.0
23.0 0.0
20.4 0.1
1.6 0.2
(<0.05) (<0.05)
10.83 0.02
0.4 0.0
198 3
22.37 0.22

(<D (<D
0.8 0.0
43 2
0.61 0.01
1.8 0.0
9.66 0.05
7.4 0.1
1.72 0.06
3.93 0.05
5.62 0.04
76 1
27.3 1.9

BLACKFOOT RIVER- FURTHEST UPSTREAM SITE 
SITE "BA", ON 7/20/97

C-7.2
Sample name BA-1 BA-2 BA-3 
Sample date, Approx. time 7/20/97, 08:00 7/20/97, 08:00 7/20/97, 08:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
H9/L

7.6 7.6 7.6
8.7 8.7 8.7
0.20 0.20 0.20
11.4 11.4 11.4
11.7 11.7 11.7
22.8 22.8 22.8
1.6 1.6 1.6
(<0.05) (<0.05) (<0.05)
10.78 10.73 10.76
0.3 0.3 0.3
202 203 201
21.11 21.38 20.97

(<1) (<1) (<1)
1.0 0.9 0.9
58 56 57
0.77 0.76 0.76
1.9 1.9 1.8
9.74 9.81 9.66
9.7 9.8 9.6
2.03 1.77 1.79
4.28 4.27 4.20
5.85 5.89 5.80
84 85 84
29.4 29.7 30.4

Mean Std. Dev.

7.6 0.0
8.7 0.0
0.20 0.0
1 1 .4 0.0
1 1 .7 0.0
22.8 0.0
1 .6 0.0
(<0.05) (<0.05)
10.8 0.0
0.3 0.0
202 1.1
21.15 0.21

(<D (<T)
0.9 0.0
57 1
0.76 0.01
1 .9 0.0
9.74 0.08
9.7 0.1
1.86 0.14
4.25 0.04
5.84 0.04
85 1
29.9 0.5
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APPENDIX C-7
BLACKFCXDT RIVER- FURTHEST UPSTREAM SITE 
SITE "BA", ON 8/8/97

C-7.3
Sample name BA-1 BA-2 BA-3 
Sample date, approx. time 8/8/97, 08:00 8/8/97, 08:00 8/8/97, 08:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
H9/L
ng/L
ng/L
mg/L
H9/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
U9/L

8.2 8.2 8.2
(NA) (NA) (NA)
0.24 0.24 0.24
10.1 10.1 10.1
11.5 11.5 11.5
26.3 26.2 26.5
(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
10.61 10.54 10.66
0.3 0.3 0.3
231 231 229
25.83 25.53 25.46
(<1) 1.1 (<1)
0.7 0.7 0.6
42 42 40
0.75 0.74 0.73
2.3 2.3 2.2
11.60 11.50 11.51
5.0 4.9 4.8
2.21 2.21 2.18
3.95 4.03 3.93
6.33 6.36 6.29
97 98 96
11.1 8.2 8.8

Mean Std. Dev.

8.2 0.0
(NA) (NA)
0.24 0.00
10.1 0.00
11.5 0.00
26.3 0.2
(NA) (NA)
(<0.05) (<0.05)
10.60 0.06
0.3 0.0
231 1
25.61 0.20
(<1) (<1)
0.7 0.0
41 1
0.74 0.01
2.3 0.0
11.54 0.06
4.9 0.1
2.20 0.02
3.97 0.05
6.33 0.04
97 1
9.4 1.5

BLACKFOOT RIVER- FURTHEST UPSTREAM SITE 
SITE "BA". ON 9/1 3/97

C-7.4
Sample name BA-1 BA-2 BA-3 
Sample date, approx. time 9/1 3/97, 1 6:30 9/1 3/97, 1 6:30 9/1 3/97, 1 6:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ug/L
mg/L
ng/L
mg/L
H9/L
mg/L
mg/L
mg/L
ng/L
ug/L

8.3. 8.3 8.3
9.7 9.8 9.7

(NA) (NA) (NA)
13.3 13.3 13.3
(NA) (NA) (NA)
29.1 28.0 28.7
1.0 1.0 1.1
0.07 0.07 0.07
14.6 14.7 14.7
0.4 0.3 0.3
279 274 275
28.50 29.35 29.03
(<1) (<1) (<1)
0.6 0.3 0.4
32 34 33
0.93 0.91 0.92
2.6 2.7 2.6
12.57 12.86 12.76
4.2 4.3 4.2
2.83 2.67 2.72
6.08 5.79 5.91
7.00 7.02 7.02
116 116 116
(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0
9.7 0.1

(NA) (NA)
1 3.3 0.0
(NA) (NA)
28.6 0.6
28.6 0.6
0.07 0.00
14.7 0.1
0.3 0.0
276 3
28.96 0.43
(<D (<D
0.4 0.1
33 1
0.92 0.01
2.6 0.0
12.73 0.15
4.2 0.1
2.74 0.08
5.92 0.14
7.01 0.01
116 0
(<8) (<8)

106



BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE "BH", ON 7/4/97

Appendix C-8

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
H9/L
H9/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.2 8.2 8.2
9.1 9.1 9.1
0.20 0.20 0.20
12.2 12.2 12.2
18.3 18.3 18.3
20.2 20.2 20.2
1.6 1.4 1.6
(<O.OS) (<0.05) (<0.05)
10.83 10.79 10.80
0.4 0.4 0.3
207 201 208
23.66 22.66 23.66

(<1) (<1) (<1)
0.8 0.9 0.8
44 43 42
0.63 0.61 0.61
1.9 1.8 1.9
10.04 9.70 9.95
7.1 6.8 7.0
1.74 1.80 1.61
4.06 3.98 4.06
5.87 5.66 5.84
80 78 80
28.4 20.4 28.2

Mean Std. Dev.

8.2 0.0
9.1 0.0
0.20 0.00
12.2 0.0
18.3 0.0
20.2 0.0
1.5 0.1
(<0.05) (<0.05)
10.81 0.02
0.4 0.0
205 4
23.33 0.58

(<1) (<1)
0.8 0.0
43 1
0.62 0.01
1.9 0.0
9.90 0.17
6.9 0.2
1.72 0.10
4.03 0.05
5.79 0.11
79 1
25.7 4.5

BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE "BH" ON 7/20/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
W3/L
W3/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
H9/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.9 7.9 7.9
8.8 8.8 8.8
0.20 0.20 0.20
11.7 11.7 11.7
1 5.0 1 5.0 1 5.0
22.8 22.8 22.8
1.7 1.5 1.6
(<0.05) (<0.05) (<0.05)
10.77 10.82 10.87
0.5 0.5 0.5
204 202 201
21.45 21.38 21.42

(<1) (<1) (<1)
1 .0 1 .0 1 .0
67 69 64
0.77 0.77 0.75
1.9 1.9 1.8
9.88 9.85 9.85
9.5 9.5 9.5
1.93 1.74 1.78
4.42 4.31 4.32
5.95 5.88 5.88
86 85 85
19.7 27.5 15.6

7.9 0.0
8.8 0.0
0.20 0.00
11.7 0.0
1 5.0 0.0
22.8 0.0
1.6 0.1
(<0.05) (<0.05)
10.82 0.05
0.5 0.0
202 2
21.42 0.04

(<1) (<D
1 .0 0.0
67 3
0.76 0.01
1.9 0.0
9.86 0.02
9.5 0.0
1.81 0.10
4.35 0.06
5.90 0.04
85 1
21.0 6.1

107



APPENDIX C-8
BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE "BH", ON 8/8/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
Mg/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
H9/L

8.3 8.3 8.3

(NA) (NA) (NA)
0.24 0.24 0.24
10.9 10.9 10.9
15.3 15.3 15.3
26.2 26.0 26.1

(NA) (NA) (NA)
(<0.05) (<O.OS) (<0.05)
10.51 10.48 10.48
0.4 0.4 0.4
237 234 233
25.82 25.71 26.02
1.1 1.0 (<T)
0.6 0.6 0.6
40 40 42
0.74 0.74 0.74
2.3 2.3 2.3
11.54 11.58 11.64
3.6 3.6 3.6
2.17 2.15 2.20
4.09 4.00 3.98
6.39 6.35 6.36
99 98 99

(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0

(NA) (NA)
0.24 0.00
10.9 0.0
15.3 0.0
26.1 0.1

(NA) (NA)
(<O.OS) (<O.OS)
10.49 0.01
0.4 0.0
234 2

25.85 0.16

(<D (<D
0.6 0.0
40 1
0.74 0.00
2.3 0.0
11.59 0.05
3.6 0.0
2.17 0.02
4.02 0.06
6.37 0.02
99 1

(<8) (<8)

BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE "BH", ON 9/1 3/97

C-8.4
Sample name BH-1 BH-2 BH-3 
Sample date, approx. time 9/1 3/97, 1 7:30 9/1 3/97, 1 7:30 9/1 3/97, 1 7:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
ug/L

8.3 8.2 8.3
10.2 10.3 10.1

(NA) (NA) (NA)
13.8 13.8 13.8

(NA) (NA) (NA)
28.5 26.7 26.9
1.2 1.1 1.1
0.07 0.07 0.07
14.54 14.50 14.57
0.3 0.3 0.3
275 271 263
29.38 29.13 28.38

(<D (<D (<1)
0.5 0.4 0.5
30 31 31
0.91 0.91 0.89
2.7 2.6 2.6
12.89 12.77 12.65
3.0 3.0 2.8
2.88 2.81 3.00
5.90 5.81 5.60
7.04 6.96 6.93
116 115 107

(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0
10.2 0.1

(NA) (NA)
13.8 0.0

(NA) (NA)
27 A 1.0
1.1 0.1
0.07 0.00
14.53 0.04
0.3 0.0
270 6
28.96 0.52

(<D (<D
0.5 0.1
31 0
0.91 0.01
2.6 0.0
12.77 0.12
2.9 0.1
2.90 0.10
5.77 0.15
6.98 0.06
113 5

(<8) (<8)
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APPENDIX C-8
BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE"BH M , ON 11/18/97

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
M9/L
(ig/L
mg/L
H9/L
Mg/L
H9/L
mg/L
ng/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
H9/L

8.0 8.0 8.0
12.8 12.7 12.5
0.25 0.25 0.25

(NA) (NA) (NA)
-1.4 -1.4 -1.4
27.6 27.3 27.3

(<1) (<1) (<D
0.06 0.06 0.06
15.19 15.23 15.34
0.3 0.3 0.3
229 230 230
26.82 27.00 26.91
1.2 1.3 1.3
0.3 0.3 0.3
16 16 16
0.84 0.83 0.83
2.1 2.2 2.1
12.55 12.57 12.60
3.4 3.4 3.5
2.32 2.43 2.41
5.43 5.46 5.49
6.55 6.57 6.59
106 106 106
9.5 (<8) (<8)

Mean Std. Dev.

8.0 0.0
12.7 0.2
0.3 0.0

(NA) (NA)
-1.4 0.0
27.4 0.2

(<1) (<1)
0.06 0.00
15.26 0.08
0.3 0.0
229 1
26.91 0.09
1.2 0.1
0.3 0.0
16 0
0.84 0.01
2.1 0.0
12.57 0.03
3.4 0.0
2.39 0.06
5.46 0.03
6.57 0.02
106 0

(<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 
Sample date, approx. time 1 /6/98, 1 5:00 1 /6/98, 1 5:00 1 /6/98, 1 5:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
H9/L
H9/L
mg/L
H9/L
mg/L
H9/L
mg/L
mg/L
mg/L
H9/L
M9/L

8.1 8.1 8.1
1 8.0-1 9.0
0.24 0.24 0.25
0.0 0.0 0.0
-1.7 -1.7 -1.7
27.3 26.7 26.7

(<D 1.2 (<1)
0.05 0.07 0.07
14.10 14.00 14.10
0.3 0.3 0.4
210 217 222
25.40 26.12 26.66
1.3 1.5 1.4

(<0.3) (<0.3) (<0.3)
12 11 12
0.75 0.78 0.80
2.1 2.1 2.1
11.86 12.13 12.38
2.5 2.6 2.7
2.24 2.22 2.34
4.24 4.31 4.21
6.12 6.23 6.21
107 110 113

(<8) (<8) (<8)

Mean Std. Dev.

8.1 0.0
18.0-19.0
0.24 0.01
0.0 0.0
-1.7 0.0
26.9 0.3

(<D (<D
0.06 0.01
14.07 0.06
0.3 0.0
216 6
26.06 0.63
1.4 0.1
(<0.3) (<0.3)
12 0
0.78 0.02
2.1 0.0
12.12 0.26
2.6 0.1
2.27 0.07
4.25 0.05
6.19 0.06
110 3

(<8) (<8)
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APPENDIX C-8
BLACKFOOT RIVER AT HOGUM CREEK ROAD 
SITE "BH", ON 3/8/98

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

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
M-g/L
jxg/L
mg/L
ng/L
ng/L
jxg/L
mg/L
jxg/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.1 8.1 8.1

(NA) (NA) (NA)
(NA) (NA) (NA)
0 0.1 0
-3.2 -3.3 -3.3
27.8 28.2 27.4

(NA) (NA) (NA)
(NA) (NA) (NA)
(NA) (NA) (NA)
0.4 0.3 0.3
215 211 211
26.36 26.12 26.34
(<1) (<1) (<1)
(<0.8) (<0.8) (<0.8)
888
0.86 0.85 0.83
2 2.0 2.0
12.89 12.81 12.77
3.9 3.8 3.8
2.13 2.13 2.24
4.37 4.32 4.27
6.08 6.02 5.99
114 114 114
(<0.2) 0.5 0.6

Mean Std. Dev.

8.1 0.0

(NA) (NA)
(NA) (NA)
0.0 0.1
-3.3 0.1
27.8 0.4

(NA) (NA)
(NA) (NA)
(NA) (NA)
0.3 0.0
212.4 2.5
26.27 0.13

(<1) (<1)
(<0.8) (<0.8)
8 0
0.85 0.02
2.0 0.0
12.82 0.06
3.8 0.0
2.16 0.07
4.32 0.05
6.03 0.05
113.9 0.5
(<0.2) (<0.2)

110



BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND 
SITE "SB", ON 7/4/97

APPENDIX C-9

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

PH
Diss. oxygen
'Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
t*g/L
H9/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3 8.3 8.3
8.4 8.4 8.4
0.20 0.20 0.20
14.5 14.5 14.5
19.3 19.3 19.3
20.1 20.0 20.1
1.4 1.7 1.3
(<0.05) (<0.05) (<0.05)
10.45 10.50 10.48
0.6 0.6 0.5
190 190 178
21.80 21.71 20.86

(<D (<D (<D
0.7 0.7 0.7
40 43 38
0.62 0.63 0.62
2.0 2.1 2.1
9.36 9.31 9.34
5.8 5.9 5.7
1.83 1.78 1.89
3.68 3.64 3.60
5.865 5.82 5.67
93.81 94 88
13.5 22.0 11.2

Mean Std. Dev.

8.3 0.0
8.4 0.0
0.20 0.00
14.5 0.0
19.3 0.0
20.0 0.0
1.5 0.2
(<0.05) (<0.05)
10.48 0.02
0.6 0.0
186 7
21.46 0.52

(<1) (<1)
0.7 0.0
40 2
0.62 0.00
2.1 0.0
9.34 0.03
5.8 0.1
1.83 0.05
3.64 0.04
5.78 0.10
92 3
15.6 5.7

BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND 
SITE "SB", ON 7/20/97

C-9.2
Sample name BB-1 BB-2 BB-3 
Sample date, approx. time 7/20/97, 1 1 :00 7/20/97, 1 1 :00 7/20/97, 1 1 :00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
Fluoride
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Lig/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L
H9/L

8.0 8.0 8.0
8.9 8.9 8.9
0.20 0.20 0.20
12.1 12.1 12.1
18.9 18.9 18.9
22.6 22.6 23.6
1.7 1.6 1.7
(<0.05) (<0.05) (<0.05)
10.68 10.62 10.574
0.5 0.5 0.5
194 190 191
20.85 20.60 20.61
(<1) (<1) (<1)
0.9 0.9 0.8
66 60 52
0.76 0.74 0.75
2.1 2.1 2.1
9.43 9.35 9.38
8.1 7.5 7.5
1.97 2.07 1.95
4.08 4.01 4.04
6.09 6.01 6.03
104 102 103
18.9 15.1 16.3

Mean Std. Dev.

8.0 0.0
8.9 0.0
0.20 0.00
12.1 0.0
18.9 0.0
22.9 0.6
1.7 0.1
(<O.OS) (<0.05)
10.626 0.055
0.5 0.0
192 2
20.69 0.14

(<1) (<1)
0.9 0.0
59 7
0.75 0.01
2.1 0.0
9.39 0.04
7.7 0.4
2.0 0.1
4.04 0.04
6.04 0.04
103 1
16.8 1.9

111



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 
Sample date, approx. time 8/7/97, 1 7:00 8/7/97, 1 7:00 8/7/97, 1 7:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
M9/L
mg/L
M9/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
t^g/L
mg/L
mg/L
mg/L
Mg/L
M9/L

8.3 8.3 8.3
9.8 9.8 9.8
0.23 0.23 0.23
16.7 16.7 16.7
15.1 15.1 15.1
25.3 25.3 25.4

(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
10.13 10.06 10.21
0.4 0.4 0.4
226 229 220
24.94 25.04 24.10
(<1) 1.0 1.0
0.5 0.6 0.6
42 44 41
0.79 0.79 0.79
2.8 2.6 2.6
10.78 10.85 10.79
13.6 2.6 2.8
2.38 2.30 2.24
3.74 3.82 3.68
6.60 6.58 6.45
132 126 122

(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0
9.8 0.0
0.23 0.00
16.7 0.0
15.1 0.0
25.3 0.1

(NA) (NA)
(<0.05) (<0.05)
10.13 0.07
0.4 0.0
225 4
24.69 0.52

(<V (<D
0.6 0.1
42 1
0.79 0.00
2.7 0.1
10.81 0.04
6.3 6.3
2.31 0.07
3.75 0.07
6.55 0.08
127 5

(<8) (<8)

BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND 
SITE MBB", ON 9/1 3/97

C-9.4
Sample name BB-1 BB-2 BB-3 
Sample date, approx, time 9/1 3/97, 1 8:30 9/1 3/97, 1 8:30 9/1 3/97, 1 8:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
Mg/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
Mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L

8.1 8.1 8.1
9.8 10.0 9.8

(NA) (NA) (NA)
13.6 13.6 13.6

(NA) (NA) (NA)
27.9 27.4 27.5
1.1 1.0 1.2
0.07 0.07 0.07
14.04 14.11 14.03
0.4 0.4 0.4
254 258 253
29.72 29.64 29.35

(<1) (<1) (<1)
0.4 0.3 0.5
33 35 34
0.87 0.88 0.87
2.7 2.7 2.8
12.01 12.11 12.09
1.6 1.7 1.7
3.01 2.72 2.99
4.97 5.07 4.98
7.14 7.19 7.17
127 128 127

(<8) (<8) (<8)

Mean Std. Dev.

8.1 0.0
9.9 0.1

(NA) (NA)
13.6 0.0

(NA) (NA),
27.6 0.3
27.6 0.3
0.07 0.00
14.06 0.04
0.4 0.0
255 3
29.57 0.19

(<1) (<1)
0.4 0.1
34 1
0.87 0.01
2.7 0.0
1 2.07 0.05
1 .7 0.0
2.91 0.16
5.00 0.06
7.16 0.03
127 1

(<8) (<8)
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APPENDIX C-9
BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND 
SITE"BBn, ON 10/25/97

C-9.5
Sample name BB-1 BB-2 BB-3 
Sample date, approx. time 1 0/25/97, 1 0:30 1 0/25/97, 1 0:30 (no sample)

pHat 10:30
pH at 1 5:30
Diss. oxygen
Spec. Cond.
Water temp, at 10:30
Water temp, at 1 5:30
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
»«g/L
M9/L
mg/L
M9/L
M9/L
M9/L
mg/L
M9/L
mg/L
M9/L
mg/L
mg/L
mg/L
M9/L
M9/L
MS/I

8.3 8.3 8.3
8.1 8.1 8.2
13.0 12.9 13.0
0.24 0.24 0.24
1.1 1.1 1.1
3.5 3.5 3.5
(NA) (NA) (NA)
27.5 28.3 (NA)
(<1) (<1) (NA)
0.7 0.7 (NA)
1 3.40 1 3.40 (NA)
0.3 0.3 (NA)
226 206 (NA)
27 JO 25.12 (NA)
(<D (<D (NA)
(<O.3) (<0.3) (NA)
26 23 (NA)
0.74 0.67 (NA)
2.4 2.3 (NA)
11.16 10.22 (NA)
2.2 2.0 (NA)
2.56 2.43 (NA)
5.25 5.46 (NA)
7.00 6.85 (NA)
112 1 02 (NA)
(<8) (<8) (NA)

Mean Std. Dev.

8.3 0.0
8.1 0.0
13.0 0.1
0.24 0.00
1.1 0.0
3.5 0.0
(NA) (NA)
27.9 0.6
(<D (<1)
0.7 0.0
1 3.40 0.00
0.3 0.0
216 14
26.41 1.82
(<D (<D
(<0.3) (<0.3)
25 2
0.70 0.05
2.3 0.1
10.69 0.66
2.1 0.1
2.50 0.09
5.35 0.14
6.92 0.1 1
107 7
(<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 
Sample date, approx, time 1 1 /1 6/97, 1 4:30 1 1 /1 6/97, 1 4:30 1 1 /1 6/97, 1 4:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
f*9/L
H9/L
mg/L
M9/L
M9/L
M9/L
mg/L
M9/L
mg/L
ng/L
mg/L
mg/L
mg/L
f*9/L
ng/L

8.1 8.1 8.1
13.5-21.0
0.26 0.26 0.26
0.1 0.1 0.1
2.3 2.3 2.3
29.0 29.5 28.5
1.2 (<1) (<1)
0.07 0.07 0.07
15.65 15.72 15.84
0.4 0.3 0.3
233 232 228
28.07 28.05 28.52
1.2 1.2 1.1
0.4 0.3 0.3
15 15 14
0.91 0.91 0.90
2.4 2.4 2.4
13.14 13.11 13.20
3.6 3.5 3.5
2.69 2.57 2.82
5.67 5.59 5.48
7.01 7.00 6.98
126 126 126
(<8) (<8) (<8)

Mean Std. Dev.

8.1 0.0
13.5-21.0
0.26 0.00
0.1 0.0
2.3 0.0
29.0 0.5
(<D (<1)
0.07 0.00
15.74 0.10
0.3 0.0
231 3
28.21 0.27
1.2 0.1
0.3 0.1
15 0
0.90 0.01
2.4 0.0
13.15 0.05
3.5 0.1
2.69 0.12
5.58 0.10
6.99 0.01
126 0
(<8) (<8)
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BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND- Hyporheic zone sampler 1 
SITE "BB-HZ1", ON 10/25/97

APPENDIX C-9

C-9.7
Sample name BB-HZ1 
Sample depth 1 0cm 
Sample date, approx. time 10/25/97, 15:30

pH
Diss. oxygen
Spec. Cond.
(Surface water temp)
Hyp. zone water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
n9/L
^9/L
ng/L
mg/L
ng/L
mg/L
jtg/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3
11.5-12.0
0.25
3.5
4.1
(NA)
28.0
(<U
0.07
12.39
0.3
251
30.15
(<1)
0.3
23
0.80
2.6
11.87
1.6
3.01
4.80
7.13
129
(<8)

BB-HZ1 
20cm 
10/25/97, 15:30

8.2
11.0-12.0
0.25
3.5
5.6
(NA)
27.7
(<1)
0.09
12.31
0.3
251
30.23
(<V
(<0.3)
24
0.79
2.7
11.91
1.4
3.08
4.82
7.15
129
(<8)

BB-HZ1 
40cm 
10/25/97, 10:30

8.3
10.0-11.0
0.24
1.1
1.1
(NA)
27. 2
(<1)
0.06
13.52
0.3
247
30.52
(<1)
0.3
24
0.77
2.6
12.16
0.9
3.34
5.18
7.14
124
(<8)

BB-HZ1 
60cm
10/25/97, 10:30

8.3
10.0-10.5
0.25
1.1
1.1
(NA)
26.7
1.0
0.07
13.51
(NA)
244
30.17
(<1)
0.3
17
0.78
2.5
12.07
1.0
3.47
5.15
7.09
123
(<8)

BB-HZ1 
74cm 
10/25/97, 15:30

7.9
9.0-10.0
0.24
3.5
4.8
(NA)
27.0
1.4
0.08
12.98
0.3
209
28.74
(<1)
0.7
11
0.67
2.3
11.64
0.3
5.08
4.94
6.67
119
(<8)

BLACKFOOT RIVER AT ASPEN GROVE CAMPGROUND- Hyporheic zone sampler 2 
SfTE "BB-HZ2", ON 10/25/97

C-9.8
Sample name BB-HZ2 
Sample depth 1 0cm 
Sample date, approx. time 10/25/97 16:30

pH (rdg stds 0.2 units high)
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
H9/L
t»g/L
H9/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
H9/L
ng/L

8.1
10.5-11.0
0.24
3.9
(NA)
27.6
(<D
0.07
12.70
0.3
249
30.25
(<D
(<0.3)
23
0.80
2.6
11.95
2.0
3.00
4.74
7.11
128
(<8)

BB-HZ2 
20cm 
10/25/97 16:30

8.3
(NA)
0.24
(NA)
(NA)
27.7
(<D
0.06
12.59
0.3
251
30.16
(<D
(<0.3)
24
0.82
2.6
11.95
2.0
2.94
4.81
7.10
126
(<8)

BB-HZ2 
35cm 
10/25/97 16:30

8.2
10.0-11.0
0.24
4.0
(NA)
27.2
7
0.07
12.53
0.3
248
30.59
(<1)
(<0.3)
24
0.80
2.6
12.04
1.9
3.02
4.70
7.11
128
(<8)

BB-HZ2 
55cm 
10/25/97 16:30

8.3
(NA)
0.24
3.6
(NA)
27.3
(<D
0.06
12.67
0.3
251
30.23
(<1)
(<0.3)
23
0.81
2.6
11.97
1.5
2.96
4.83
7.10
126
(<8)

BB-HZ2
85cm 
10/25/97 16:30

7.6
8.2
0.24
4.0
(NA)
26.8
(<D
0.07
14.33
0.2
222
29.41
(<D
1.0
13
0.60
2.3
11.61
(<0.3)
4.28
5.40
6.44
124
(<8)
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APPENDIX C-10
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 7/20/97

C-10.1
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 7/20/97, 1 3:00 7/20/97, 1 3:00 7/20/97, 1 3:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
U
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
j^g/L
i^g/L
i^g/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
W3/L
ng/L

7.9 7.9 7.9
8.5 8.5 8.5
0.21 0.21 0.21
12.6 12.6 12.6
19.3 19.3 19.3
23.8 23.7 23.6
1 .4 (NA) 1 .6
(<0.05) (<0.05) (<O.OS)
10.52 10.62 10.74
0.5 0.5 0.5
192 194 193
21.46 21.08 21.29

(<1) (<1) (<1)
0.8 0.8 0.8
48 46 49
0.77 0.76 0.76
2.3 2.2 2.2
9.65 9.55 9.62
5.2 5.2 5.2
2.17 1.98 2.15
3.92 3.99 4.00
6.05 6.01 6.05
106 106 106
(<8) 1 1 .2 (<8)

Mean Std. Dev.

7.9 0.0
8.5 0.0
0.21 0.00
12.6 0.0
19 0
23.7 0.1
1.5 0.1
(<0.05) (<0.05)
10.63 0.11
0.5 0.0
193 1
21.28 0.19
(<1) (<1)
0.8 0.0
48 2
1 0
2.2 0.0
9.60 0.06
5.2 0.0
2.10 0.10
3.97 0.04
6.04 0.02
106 0
(<8) (<8)

BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 8/7/97

C-1 0.2
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 8/7/97, 8/7/97, 8/7/97,

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
H9/L
mg/L
(xg/L
ng/L
ng/L
mg/L
ng/L
mg/L
W3/L
mg/L
mg/L
mg/L
W3/L
H9/L

8.1 8.1 8.1
9.2 9.2 9.2
0.23 0.23 0.23
1 4.8 1 4.8 1 4.8
16.1 16.1 16.1
26.2 26.1 25.6
(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
10.11 10.03 10.04
0.4 0.4 0.4
233 230 248
26.23 25.58 27.77
1.0 1.0 1.0
0.4 0.4 0.6
28 28 29
0.82 0.82 0.86
2.8 2.8 2.9
11.24 11.06 11.88
1.8 1.8 2.0
2.46 2.41 2.43
3.93 3.93 3.65
6.67 6.61 6.61
133 131 141
(<8) (<8) (<8)

Mean Std. Dev.

8.1 0.0
9.2 0.0
0.23 0.00
14.8 0.0
16.1 0.0
26.0 0.3
(NA) (NA)
(<0.05) (<0.05)
1 0.06 0.04
0.4 0.0
237 10
26.53 1.12
1 .0 0.0
0.5 0.1
28 0
0.83 0.02
2.9 0.1
11.39 0.43
1.89 0.08
2.43 0.03
3.83 0.16
6.63 0.03
135 5
(<8) (<8)
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APPENDIX C-10
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 9/14/97

C-10.3
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 9/1 4/97, 1 0:00 9/1 4/97, 1 0:00 9/1 4/97, 1 0:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
H9/L
mg/L
H9/L
ng/L
ng/L
mg/L
H9/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.9 7.9 7.9
(NA) (NA) (NA)
(NA) (NA) (NA)
9.0 9.0 9.0
(NA) (NA) (NA)
27.6 28.9 (NA)
1.1 (<1) (NA)
0.07 0.07 (NA)
13.57 13.50 (NA)
0.4 0.3 (W/V
253 245 (NA)
29.65 29.87 CA//4J
(<1) (<1) (NA)
0.3 (<0.3; (NA)
19 18 CA//A;
0.86 0.84 (NA)
2.9 2.9 CAM;
1 2.07 1 2.04 (NA)
0.9 0.9 (NA)
2.83 2.69 (NA)
4.90 4.66 (WA)
7.17 7.02 (NA)
129 1 27 (A//V
(<8) (<8) (NA)

Mean Std. Dev.

7.9 0.0
(NA) (NA)
(NA) (NA)
9.0 0.0
(NA) (NA)
28.3 0.9
(<1) (NA)
0.07 0.0
13.53 0.1
0.4 0.0
249 5.7
29.76 0.2
(<1) (<D
(<0.3) (<0.3)
19 0.6
0.85 0.01
2.9 0.0
1 2.06 0.02
0.9 0.0
2.76 0.10
4.78 0.17
7.09 0.10
128 1.63
(<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 
Sample date, approx. time 1 0/25/97, 1 2:00 1 0/25/97, 1 2:00 1 0/25/97, 1 2:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
M9/L
ng/L

7.8 7.9 7.9
12.0 11.8 11.8
0.24 0.24 0.24
3.5 3.5 3.5
(NA) (NA) (NA)
27.7 27.9 27.9

(<1) (<1) (<1)
0.07 0.07 0.07
13.39 13.41 13.36,13.45
0.3 0.3 0.3
263 205 221
32.43 24.84 27.62
(<1) (<D (<D
(<0.3) (<0.3) (<0.3)
20 17 18
0.84 0.65 0.71
2.8 2.4 2.5
12.68 9.95 10.96
0.9 0.7 0.8
2.97 2.46 2.65
4.54 5.81 5.33
7.04 6.98 6.98
135 106 115
(<8) (<8) (<8)

Mean Std. Dev.

7.9 0.02
11.9 0.1
0.24 0.00
3.5 0.0
(NA) (NA)
27.8 0.1

(<1) (<1)
0.07 0.00
13.40 0.01
0.3 0.0
230 30
28.30 3.84
(<1) (<D
(<0.3) (<0.3)
19 2
0.73 0.10
2.6 0.2
11.20 1.38
0.8 0.1
2.69 0.26
5.23 0.64
7.00 0.04
118 15
(<8) (<8)
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APPENDIX C-10
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 11 /I 6/97

C-10.5
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 1 1 /I 6/97, 1 6:30 1 1 /1 6/97, 1 6:30 1 1 /I 6/97, 1 6:30

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
LJ
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
Mg/L
mg/L
M9/L
M9/L
M9/L
mg/L
Mg/L
mg/L
Mg/L
mg/L
mg/L
mg/L
Mg/L
M9/L

7.8 7.8 7.8
13.5-14.0
0.25 0.25 0.25
0.4 0.4 0.4
3.1 3.1 3.1
28.8 28.2 27.9

(<D (<1) (<D
0.07 0.07 0.08
14.28 14.32 14.24
0.3 0.3 0.3
226 227 228
27.24 27.09 27.30
1.3 1.3 1.3
0.6 (<0.3) (<0.3)
10 10 10
0.84 0.84 0.84
2.5 2.5 2.5
12.37 12.28 12.35
0.7 0.7 0.7
2.70 2.83 2.46
5.20 5.27 5.21
6.75 6.74 6.76
134 134 134
(<8) (<8) (<8)

Mean Std. Dev.

7.8 0.0
13.5-14.0
0.25 0.00
0.4 0.0
3.1 0.0
28.3 0.5

(<1) (<1)
0.07 0.01
14.28 0.04
0.3 0.0
227 1
27.21 0.11
1 .3 0.0
(<0.3) (<0.3)
10 0
0.84 0.00
2.5 0.0
12.33 0.05
0.7 0.0
2.66 0.19
5.23 0.04
6.75 0.01
134 0
(<8) (<8)

BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 1 /6/98

C-1 0.6
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 1 /6/97, 1 6:30 1 /6/97, 1 6:30 1 /6/97, 1 6:30

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg.C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
Mg/L
Mg/L
Mg/L
mg/L
M9/L
mg/L
M/L
mg/L
mg/L
mg/L
M9/L
M9/L

7.8 7.8 7.8
1 6.0-1 7.0
0.25 0.25 0.25
1.6 1.6 1.6
-2.7 -2.7 -2.7
27.5 27.6 27.3

(<D (<D (<D
0.08 0.08 0.07
15.00 15.10 15.20
0.4 0.4 0.3
222 219 220
27.23 27.16 27.46
1.4 1.5 1.3
(<0.3) (<0.3) (<0.3)
999
0.82 0.81 0.81
2.5 2.5 2.5
12.12 12.07 12.11
0.4 0.4 0.4
2.46 2.78 2.57
4.46 4.45 4.40
6.39 6.36 6.35
137 137 137
(<8) (<8) (<8)

Mean Std. Dev.

7.8 0.0
16.0-17.0
0.25 0.00
1.6 0.0
-2.7 0.0
27.5 0.1
(<D (<D
0.08 0.01
15.10 0.10
0.4 0.0
220 1
27.28 0.16
1.4 0.1
(<0.3) (<0.3)
9 0
0.81 0.00
2.49 0.03
12.10 0.03
0.4 0.0
2.60 0.16
4.44 0.03
6.36 0.02
137 0
(<8) (<8)
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APPENDIX C-10
BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC", ON 3/8/98

C-10.7
Sample name BC-1 BC-2 BC-3 
Sample date, approx. time 3/8/98, 1 6:00 3/8/98, 1 6:00 3/8/98, 1 6:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
MO/L
WP/L
mg/L
ng/L
H9/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

7.9 7.8 7.9

(NA) (NA) (NA)
(NA) (NA) (NA)
0.4 0.4 0.3
-2.2 -2.3 -2.2
27.9 27.5 27.6

(NA) (NA) (NA)
(NA) (NA) (NA)
(NA) (NA) (NA)
0.3 0.3 0.3
208 215 209
26.33 26.49 26.15

(<1) (<D (<D
(<0.8) (<0.8) (<0.8)
(<5) (<5) (<5)
0.80 0.84 0.81
2.3 2.3 2
12.34 12.59 12.28
0.6 0.6 0.6
2.43 2.32 2.34
4.38 4.52 4.45
6.00 6.15 5.99
140 141 138
0.2 (<0.2) (<0.2)

Mean Std. Dev.

7.9 0.0
(NA) (NA)
(NA) (NA)
0.4 0.1
-2.2 0.1
27.6 0.2

(NA) (NA)
(NA) (NA)
(NA) (NA)
0.3 0.0
210.5 3.7
26.32 0.17

(<D (<D
(<0.8) (<0.8)

(<5) (<5)
0.82 0.02
2.3 0.0
12.40 0.16
0.6 0.0
2.36 0.06
4.45 0.07
6.04 0.09
140 2
(<0.2) (<0.2)
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BLACKFOOT RIVER- JUST ABOVE CONFLUENCE WITH LANDER'S FORK 
SITE "BC-HZ", ON 10/25/97

APPENDIX C-10

C-10.8
Sample name BC-HZ 
Sample depth 1 0cm 
Sample date, approx. time 1 0/25/97, 1 2:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
H9/L
ng/L
mg/L
W/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
M9/L

8.0
11
0.25
3.5
CAM;
28.05
(<?;
0.07
13.59
0.3
249
30.33
(<D
(<0.3)
18
0.80
2.7
11.93
0.8
2.91
5.19
7.06
128
(<8)

BC-HZ 
30cm
10/25/97, 12:00

7.9
11
0.24
2.9
(NA)
27.95
(<D
0.07
13.68
0.3
245
30.18
(<D
(<0.3)
18
0.79
2.7
11.84
0.8
2.87
5.01
7.00
126
(<8)

BC-HZ 
74cm 
10/25/97, 12:00

7.8
10
0.25
4.1
(NA)
27.34
1.2
0.09
14.07
0.3
225
29.93
(<D
0.3
16
0.71
2.6
11.74
(<0.3)
5.48
5.15
6.82
123
(<8)
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BLACKFOOT RIVER-BELOW CONFLUENCE WITH LANDER'S FORK 
SITE "BD", ON 7/3/97

APPENDIX C-11

C-11.1
Sample name BD-1 7/3/97 BD-2 7/3/97 BD-3 7/3/97 
Sample date, approx. time 7/3/97, 1 5:00 7/3/97, 1 5:00 7/3/97, 1 5:00

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
Mg/L
Mg/L
mg/L
Mg/L
Mg/L
Mg/L
mg/L
Mg/L
mg/L
(ig/L
mg/L
mg/L
mg/L
Mg/L
Mg/L

8.4 8.4 8.4
9.0 9.0 9.0
0.21 0.21 0.21
(NA) (NA) (NA)
(NA) (NA) (NA)
24.0 23.5 23.3
(<1) 1.4 (<1)
(<0.05) (<0.05) (<0.05)
3.76 5.12 5.51
0.6 0.6 0.6
181 185 172
26.46 26.36 23.89

(<1) (<1) (<1)
0.4 0.4 0.4
10 14 15
0.42 0.46 0.45
1.7 1.8 1.7
9.45 9.67 9.06
1.0 1.7 1.8
0.77 1.07 1.15
1.25 1.71 1.76
3.40 3.90 3.78
49 59 57
(<8) (<8) (<8)

Mean Std. Dev.

8.4 0.0
9.0 0.0
0.21 0.00
(NA) (NA)
(NA) (NA)
23.6 0.4
(<T) (<T)
(<0.05) (<0.05)
4.80 0.92
0.6 0.0
180 7
25.57 1.46

(<1) (<1)
0.4 0.0
13 3
0.44 0.03
1.7 0.1
9.39 0.31
1.5 0.4
1.00 0.20
1.57 0.28
3.69 0.26
55 5
(<8) (<8)

BLACKFOOT RIVER-BELOW CONFLUENCE WITH LANDER'S FORK 
SITE "BO", ON 7/20/97

C-1 1.2
Sample name BD-1 BD-2 BD-3 
Sample date, approx. time 7/20/97, 1 6:30 7/20/97, 1 6:30 7/20/97, 1 6:30

PH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
M9/L

mg/L
M9/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.3 8.3 8.3
8.7 8.7 8.7
0.22 0.22 0.22
13.6 13.6 13.6
23.7 23.7 23.7
27.8 27.5 27.2
1.0 0.7 (NA)
(<0.05) (<0.05) (<0.05)
5.54 5.82 6.30
0.6 0.6 0.6
189 192 190
25.50 25.55 25.11
(<1) (<1) (<1)
0.3 0.4 0.4
17 19 20
0.47 0.50 0.52
2.0 2.0 2.1
9.99 10.07 10.01
1.7 2.0 2.1
0.99 1.04 1.01
1.64 1.83 1.94
3.83 4.05 4.16
58 63 66
(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0
8.7 0.0
0.22 0.00
13.6 0.0
23.7 0.0
27.5 0.3
0.7 0.3
(<0.05) (<0.05)
5.9 0.4
0.6 0.0
190 2
25.39 0.24
(<1) (<1)
0.4 0.0
19 2
0.50 0.02
2.0 0.0
10.02 0.04
1.9 0.2
1.01 0.02
1.80 0.15
4.01 0.16
62 4
(<8) (<8)
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APPENDIX C-11
BLACKFOOT RIVER-BELOW CONFLUENCE WITH LANDER'S FORK 
SITE "BO", ON 8/7/97

C-1 1.3
Sample name BD-1 BD-2 BD-3 
Sample date, approx. time 8/7/97, 1 9:00 8/7/97, 1 9:00 8/7/97, 1 9:00

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
jig/L
Jig/L
mg/L
MO/L
ng/L
W/L
mg/L
MS/L
mg/L
MS/L
mg/L
mg/L
mg/L
H9/L
txg/L

8.3 8.3 8.3

(NA) (NA) (NA)
0.25 0.25 0.25
12.1 12.1 12.1
16.7 16.7 16.7
29.7 30.2 29.9

(NA) (NA) (NA)
(<0.05) (<0.05) (<0.05)
5.62 5.63 5.31
0.4 0.4 0.4

221 219 233
29.00 29.89 30.57

(<1) (<D (<D
0.3 0.3 0.4
12 12 12
0.56 0.55 0.55
2.4 2.4 2.4
11.29 11.51 11.50
0.9 0.9 0.9
1.29 1.31 1.20
1.79 1.68 1.73
4.32 4.26 4.33
72 70 72

(<8) (<8) (<8)

Mean Std. Dev.

8.3 0.0
(NA) (NA)
0.25 0.00
12.1 0.0
16.7 0.0
29.9 0.2

(NA) (NA)
(<0.05) (<O.OS)
5.52 0.18
0.4 0.0
224 7
29.82 0.79

(<D (<D
0.3 0.0
12 0
0.55 0.01
2.4 0.0
11.43 0.12
0.9 0.0
1.27 0.06
1.73 0.05
4.30 0.04
71 1

(<8) (<8)

BLACKFOOT RIVER-BELOW CONFLUENCE WITH LANDER'S FORK 
SITE "BD", ON 9/1 4/97

C-11.4
Sample name BD-1 BD-2 BD-3 
Sample date, approx. time 9/1 4/97, 08:30 9/1 4/97, 08:30 9/1 4/97. 08:30

pH
Diss. oxygen
Spec. Cond.
Water temp.
Air temp
Inorganic carbon
Organic carbon
F
Sulfate
As
Ba
Ca
Cr
Cu
Fe
K
Li
Mg
Mn
Na
S
Si
Sr
Zn

Units
pH scale
mg/L
mS/cm
deg. C
deg. C
mg/L
mg/L
mg/L
mg/L
ng/L
ng/L
mg/L
ng/L
ng/L
ng/L
mg/L
ng/L
mg/L
ng/L
mg/L
mg/L
mg/L
ng/L
ng/L

8.2 8.2 8.2
11.2 11.2 11.4

(NA) (NA) (NA)
7.5 7.5 7.5

(NA) (NA) (NA)
33.6 33.4 33.1

(<1) (<1) (<1)
(<0.05) 0.05 0.05
6.85 6.36 6.13
0.4 0.4 0.4
273 272 272
34.35 34.49 35.23

(<1) (<1) (<1)
(<0.3) (<0.3) (<0.3)
12 11 11
0.65 0.64 0.62
2.6 2.6 2.6
12.39 12.35 12.48
0.4 0.4 0.4
1.87 1.96 1.69
2.56 2.41 2.24
5.21 5.09 5.02
80 77 75

(<8) (<8) (<8)

Mean Std. Dev.

8.2 0.0
11.3 0.1

(NA) (NA)
7.5 0.0

(NA) (NA)
33.4 0.3

(<1) (<D
(<0.05) (<O.OS)
6.45 0.37
0.4 0.0
273 1
34.69 0.47

(<1) (<D
(<0.3) (<0.3)
11 0
0.64 0.02
2.6 0.0
12.41 0.07
0.4 0.0
1.84 0.14
2.40 0.16
5.11 0.10
77 3

(<8) (<8)
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Appendix D.

Graphs of constituent load versus sample site location for 
Copper Creek and Landers Fork sites on each date sampled.
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Appendix E.

Graphs of constituent load versus sample site location for 
Blackfoot River sites on each date sampled.
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