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The hyporheic zone has been gaining ecological recognition as an important site of
nutrient cycling and habitat, but very little is known about metal behavior within the zone.
This understanding is important for assessing the environmental imacts of mining and for
designing remediation strategies for riparian systems. Metal behavior in the hyporheic zone
was studied at Silver Bow Creek, MT, where anoxic and acidic (pH=3-5) groundwater
with high dissolved metal concentrations travels through a floodplain heavily contaminated
with mining wastes and comes into contact with neutral (pH=7-8), oxic, and relatively low
metal concentration surface water. A shallow hyporheic zone underlies the streambed
where physical mixing and chemical transformation of these waters was found to occur.

Sampling the dissolved (<0.45 ym) metal and As concentrations in surface water,
hyporheic zone water (<30 cm below and lateral to the streambed), and adjacent
groundwater was conducted along a 1 Km stretch of the creek at three sites with variable
surface water to groundwater flow direction relationships. Results of water analyses
indicated that water in the shallow subsurface had a mean pH of 6, and mean
concentrations of most metals were generally inbetween mean surface and groundwater
concentrations. The highest levels of dissolved As at the site were found in the shallow
hyporheic zone, indicating that the hyporheic zone is a distinct geochemical environment.
Conservative elements (Ca and Mg) allowed for the calculation of physical mixing ratios,
which indicated that 50% of the hyporheic zone samples contained >20% groundwater. All
other metals were found to be acting non-conservatively in the hyporheic zone.

The solid phase was examined by setting into the streambed a series of slotted plastic
columns filled with 2mm aluminosilicate beads which collected metal precipitates over the
course of 52 days. Upon removal, dense bands of iron oxide precipitates were found on
many of the bead columns at the surface water- substrate boundary. These precipitation
zones, commonly only 1-5 cm thick, are interpreted to be products of metals in the
groundwater coming out of solution upon mixing with higher pH and more oxic surface
water. The thickness of the mixing zone appeared to be controlled by the the relationship
of general groundwater and surface water flow directions, as well as by small scale
variability in the permeability of streambed and floodplain sediments. The implication of
these processes is that metals transported in solution by the groundwater precipitate onto
the hyporheic zone and streambed sediments, thereby contaminating the hyporheic zone
and contributing to the surface water metal load.



Acknowledgements

Funding for this research was provided by the Western Mineland Reclamation
Center, the Geological Society of America, and the University of Montana. I thank
William Woessner and Johnnie Moore for acquisition of the majority of the funding. |
thank Devin Shay, Adam Nagorski, David Tallmon, and Steve Helgen for assistance in the
field. My project partner Devin Shay provided the enthusiasm and friendship that made
working at Silver Bow Creek a truly enjoyable experience. Derek Sjostrom aided me
tremendously in making figures and slides. Many thanks to William Woessner for
excellent teaching of hydrogeology and for valuable input into this project, and to Tom
DeLuca for his many helpful comments and recommendations. I am most indebted to
Johnnie Moore whose tremendous energy, time, insight, and enthusiasm guided me
through every step of this project.

i



Table of Contents

ADSITACE. . ..ottt ettt et et et il
Acknowledgements ..........ooiiiiiiiiiiii e i
Table Of COMENES. ....cvinnniii it ettt e v
List Of Tables . ..eoininiiii i e vi
LASt Of FIgUIeS .. .o e e vii
INtrOAUCHION . ... ettt e e e 1
Site AeSCIIPLION .. vttt ettt e aae 6
MEthOdS ...oneeii e e 8
Water sampling .............cooeeeene. ettt ettt et et eaaaans 8
Solid phase sampling. ......coevuiiiiniii e 11
Sediment SAMPIINEG . ... oouvinuiiniiii e e e aas 12
Quality Assurance/Quality Control.............oiiiiiiiiiiiiiiiiiiiiiii i 13
Results and DiscUSSION. ....c.oiiiiiiiiiiiiiiiii i e 17
Physical Settng. ......coooiiiiiiiiiii w17
Streambed SEdIMENtS. ........oeiiiiiiiiiiiiiii e 18
Flow rateinthe creek. ...... ..o 18
Hyporheic zone chemistry: dissolved (<0.45 gm) fraction........................... 19
SHte L e 21
Site Il e .23
Site ITleee o e 23
Low sulfate samples................c......e. N 25
Surface water: physical and chemical results.................cooi 28
Solid phases..... ..o 30
Site specific trends: Bead columns.......................... e 35
Physical mixing in the hyporheic zone............................. et 40
Site specific trends with mixing ratioresults. ... 46
Chemical transition in the hyporheic zone............c.ccooiiiiiiiiiiiiiii.., 48
Surface water infiltration versus groundwater upwelling. .................... 51
Spatial and temporal controls on MiXing..........ccocooiiiiiiiiiiiiiiiiiiii 55
Ground water impacts on the surface water.................coooii 59
CONCIUSIONS. . et ettt ettt ettt e et ettt ea ettt s e et eenaaas 62
|25 5 (5 1 (o = S O PP 64
APPENAIX . ..eeee e e 70
Waterlevels ...t 70
ICAPES water data:

ICAPES data from water sample analysisof 7/5/95.................... ... 71
ICAPES data from water sample analysis on 7/23/95 and 7/24/95 ....... 72
ICAPES data from water sample analysis of 8/30/95....... et 74
ICAPES data from water sample analysis of 9/25/95....................... 75

Water quality assurance/ quality control on water samples:
June/July 1995 laboratory duplicates: calculations worksheet............. 76
Aug./Sept. 1995 laboratory duplicates: calculations worksheet........... 77
Compilation of all laboratory duplicates statistics ....................eee.e. 77
June/July 1995 field duplicates: calculations worksheet.................... 78
Aug./Sept. 1995 field duplicates: calculations worksheet.................. 79

iv



Compilation of all field duplicates (statistics).................coeuenens e 79

Summary of laboratory and field blanks for bead and water samples............... 80
Fe QA/QC High vs. low concentrations..........c.coeeeieiieniiiinieiiiiennnennnnnn.. 80
Water chemistry at each transect (figures)..............cooiiiiiiiiiiiiininiiieniane.. 81
SIbE [ e 81
Site Il .o 50
Site Il .o e 95
Mixingratiosat Site 1 ... 101
Mixing ratios at Sites Iand 1T ........ .o oo i, 102
Concentrations versus dissolved oxygen levels. ..........cc.ccovviiiiiciiiiina. 103

Full list of hyporheic zone samples with dissolved oxygen, nitrate-N, sulfate,
and alkalinity concentrations in hyporheic zone samples with most

concentrations lower than surface water and groundwater samples..... 104
Transect-scale trends in surface water chemistry. ..........coeoviiiiiiiiiiiinannnn .. 105
Bead ICAPES data (Digest concentration analysis)

ICAPES data of 1/26/96 ..ot e, ... 106
ICAPES data of 2/6/96.........onuiiiniitiiiiiiii e, 108"
ICAPES data of 2/15/96 ....c.onvniiniiiiiiiii i et 109
ICAPES data of 3/7/96.......coonuiiii et e 110
Bead Analysis quality assurance/ quality control
Laboratory duplicates: calculations worksheet.............................. 111
Compilation of all laboratory duplicates (Statistics) ........ccceceeueiennnn. 111
Bead sample duplicates- calculations worksheet. ............................ 112
Compilation of all bead sample duplicates (statistics)............ccccceunee... 112
Concentrations along bead columns (adjusted to ug/g bead)........................ 113
Bead column concentration profiles (figures)...........ccooeiiiiiiiiiiiiieeania., 117
N1 OSSN 117
Site Il e e e eeaas 124
Site THL ..o e e e 129
Comparison of solid and dissolved phase metal ratios in the surface water....... 137



List of Tables:

1. USGS Standards Summary table..........ocociiiiiiiiiiiiiiiiiiiiiiiiciiieinnen, 14
2. Summary of 95% confidence intervals applied to water and bead

samples for construction of error/variability bars....................... 16
3. The chemical characteristics of six selected hyporheic zone samples,

tWO fTOM €ACH SILE .. .vietiiiti ittt e e e eae e 20
4. Mean and standard deviations of concentrations of metals and other

measured constituentsat Site IIT ....... ... 25
5. Dissolved oxygen, nitrate-N, sulfate, and alkalinity concentrations in

hyporheic zone samples with most concentrations lower than surface

water and ground water samples...........cooiiiiiiiiiiiiii 27
6 Summary of surface water chemistry (concentrations inmg/l) .................... 28
7. Comparison of concentrations of selected parameters during low and
high flows in the surface Water.........c.ooeeiiiiiiiiiiiiiiiii e 30
8. Concentrations of metals and As (ug/g bead) along the len gths of 7
of the 27 bead columns...........cooiiiiiiiiiiiiiiiii e 33

vi



List of Figures:

1. Schematic illustration of the location of the hyporheic zone........................ 2
2. Location map and SIt€ MAP .......ovviiiiiniiiiiiiiiiiiiiiiiiiiiiiiectecneanecnsns 5
3. InStrumentation MAP ......uvuternieiinetrnerintteieateeteneereneaeerannreneaeareaes 9
4. Flow rate in Silver Bow Creek. .......coociiiiiiiiiiiiiiiiiiiiiiiiiieeen . 19
5. Example of spatial trends of metal concentrations found at Sitel ................ 22
6. Example of spatial trends of metal concentrations found at Sitell ............... 24
7. Example of spatial trends of metal concentrations found at Site Il .............. 26
8. Sulfate vs. alkalinity in the surface water, groundwater, and

hypOrheic ZOme .......cocoiiiiiiiii i e eae 27
9. Concentrations of Ca, Mg, Mn, Na, Cl, NO3--N, SO42-, and specific

conductance vs. flow rate in Silver Bow Creek .............ocooiviiiiiin... 29
10. Concentrations of pH, Cu, Fe, Si, and Zn vs. cfs in Silver Bow Creek....... 29
11. Photos: Bead Columns IIIA-2and II-3 ... il .31
12. Photos: Bead Columns [IA-2and JA-2.........coiiiiiiiiiiiiiiiinn., 32
13. Mean Fe concentrations (ug/g bead) on bead color zones ........................ 34
14. Bead column IA-1 concentration profile ..............cooiveiiiiiin. 36
15. Bead column IIC-3 concentration profile ...........cocoviiiiiiiiiiiiiiininnnna.., 37
16. Bead column IIIC-1 concentration profile .................ooiiiiii . 38
17. Ca vs. Mg (dissolved) concentrations (mg/l) in water samples ................. 41
18. Site I: Percent ground water in subsurface water samples ...................... 43
19. Site II: Percent ground water in subsurface water samples ..................... 44
20. Site III: Percent ground water in subsurface water samples .................... 45
21: Concentrations of elements [mg/l] versus pH levels.......................o.. 51
22: Bead column IIC-2 concentration profile........c..coooiiniiiiiiiiiiiiaiiinn... 52
23. Bead column IB-1 concentration profile ..............cooiiiiiiiii 54

vil



Introduction

The hyporheic zone has been defined broadly in the literature as the saturated
subsurface area connected to a stream channel which shares with it some biological,
chemical, or physical charactenistics [Williams and Hynes, 1974; Triska et al., 1989; Valett
et al., 1990; Hendricks and White, 1991; Valett et al., 1993) (Figure 1). A more detailed
and universal definition does not exist, because researchers have not used interdisciplinary
criteria when proposing definitions of the hyporheic zone [see White, 1993].

Nonetheless, this loosely-defined zone has rapidly been gaining recognition as both a key
ecological zone crucial to the health of stream biota, as well as a major site of exchange,
metabolism, and storage of particulates and solutes | Grimm and Fisher, 1984; Bencala,
1984; Stanford and Ward, 1988; Triska et al., 1989; Valett, 1993]. Much progress has
been made in the last couple of decades on characterizing many of the biological processes
in this zone, yet relatively little has been made in the understanding of the physical and
chemical dynamics of hyporheic zones where surface waters and adjacent groundwaters
mix |Bencala, 1993.] In particular, there is a marked lack of understanding about
contaminant storage and exchange through hyporheic zones.

Most studies on the physical and chemical dynamics of the hyporheic zone have
concentrated on its connectivity with surface water, and they have generally concluded that
the two interact extensively and that hyporheic zones play a major role in storage of stream
solutes | Bencala er al., 1984; Munn and Meyer, 1988; Triska et al., 1989; Valett et al.,
1990; Castro and Hornberger, 1991|. The exchange of nitrogen, oxygen, and organic
material between surface water and hyporheic zones has been documented, and many
authors contend that hyporheic zones are important sites for nutrient cycling [Grimm and
Fisher, 1984; Jacobs et al., 1988; Hendricks and White, 1991; Findlay et al., 1993;
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Figure 1: Schematic illustration of the location of the hyporheic zone



Holmes et al., 1994; Findlay and Sobczak, 1996; Pusch, 1996]. In addition, studies of
biologic communities in the hyporheic zones have shown they are important habitats for
many macroinvertebrates | Williams and Hynes, 1974; Coleman and Hynes, 1980;
Stanford and Ward, 1988; Williams, 1989] and are sought by fish for spawning [Wickett,
1954; Hansen, 1975; Johnson, 1980]. A widely-accepted notion that has emerged from
this research is that hyporheic animals, organic matter, and solutes are capable of extensive
lateral and vertical movement and transport constrained by specific physical and chemical
characteristics of each hyporheic environment.

Less is known about the interaction between groundwater and hyporheic zones.
Some studies have documented the release of nitrogen and organic matter from
groundwater into hyporheic and surface waters [Couts ¢t al., 1976; Wallis et al., 1981;
Rutherford and Hvnes, 1987; Valett et al., 1990;Triska et al., 1993;Wondzell and
Swanson, 1996]. Other studies have illustrated the volumetric importance of groundwater
contributions to streamflow generation during storms | Freeze, 1972; Sklash and
Farvolden, 1979; Gillham, 1984; Blowes and Gillham, 1988; Novakowski and Gillham,
1988; Squillace, 1996]. They found that groundwater contributes a much larger
component of storm runoff than commonly acknowledged, suggesting that groundwater,
surface water, and hyporheic zone interactions are dynamic and transient.

Many rivers and adjacent aquifers are contaminated with heavy metals from mining
wastes, and the transport of these contaminants through hyporheic zones needs to be
explored and understood. This understanding is crucial for accurately defining routes of
contaminant transport targeted in riparian remediation designs. To date, there has been no
published research on the geochemistry of metals and arsenic in groundwater entering the
hyporheic zone and surface water from groundwater. Instead, most studies on metal
contamination have concentrated on transport of metals either through groundwater,

surface water, or stream sediments, and not on interrelating these components in the
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hyporheic zone. Benner et al. | 1995] discussed the behavior of metals in the hyporheic

. zone at one transect across Silver Bow Creek, MT, the site of this study (Figure 2). Yet
their study focussed only on surface water infiltration into the hyporheic zone and was
spatially and temporally limited.

The goal of this research was to determine how metals-contaminated groundwater
affects the geochemistry of the hyporheic zone and surface water in an intermontane
stream. In this paper, the hyporheic zone is defined as the shallow area surrounding the
streambed (typically <30 cm below the streambed surface) where the surface water and
groundwater physically interact tolform a chemically defined transition zone. The
examination of both the physical controls on mixing together with the resultant chemical
reactions was conducted using geochemical analyses of dissolved and solid phases along a
representative reach of the stream during vanably sized flow events. This research
proposes that a dynamic and spatially complex hyporheic zone exists where dissolved
metals from adjacent groundwater are transferred into the solid phase, continually
contributing to the streambed's metal load and contaminating the hyporheic zone upon

which many aquatic organisms depend in healthy streams.
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Site description:

Silver Bow Creek, at the headwaters of the Clark Fork River in western Montana,
was chosen to study metal transport through the hyporheic zone due to the large chemical
differences between the acidic, anoxic, and metal-rich groundwater and the relatively dilute,
oxic, and neutral-pH surface water [Benner et al., 1995]. The abrupt boundaries
between these waters in many portions of this system provide optimal conditions for
detecting the small-scale processes occuring on either side of the surface water-
groundwater interface. Also, the stream exhibits strong morphological variations,
producing a variety of physical relationships between surface water and groundwater flow
directions, which are thought to influence the extent of mixing. In addition, the large
extent of metal contamination in Silver Bow Creek and its floodplain makes it a useful site
for comparison to other systems heavily impacted by mining wastes.

The source of contamination at Silver Bow Creek is over a century of large scale
mining in Butte, MT, located 18 km upstream from the study site. The mining resulted in
the release of over 100 million metric tons of mining wastes into the creek [Andrews,
1987]; much of which was carried downstream by major floods at the turn of the century
and became deposited in wide stretches of the floodplain [CH2M Hill Inc., 1989; Nimick
and Moore, 1991]. Along the study site portion of the creek, an up to 2 m thick and
several hundred meter wide sequence of metal-rich mine tailings intermixed with sediments
make up the top portion of the river's floodplain [Benner et al., 1995; Lucy, 1996; Shay,
1997]. These tailings have highly elevated levels of arsenic, cadmium, copper, iron, lead,
manganese, and zinc, which have been mobilized through time and have contaminated the
underlying pre-mining floodplain sediments as well [Shay, 1997].

The groundwater is acidic and contaminated with dissolved metals due to oxidation
of metal-sulfide minerals in the floodplain aquifer and vadose zone [ Nordstom, 1982;
Moore and Luoma, 1990; Lucy, 1996]. Benner et al. [1995] found the groundwater to

6



have on average a pH of 4.2-4.9, an alkalinity of O meq/l, dissolved oxygen levels less
than 1 mg/l, sulfate levels of 1500 mg/l, and metal concentrations of about 30 mg/l Al, 140
mg/l Ca, 20 mg/l, 0.55 mg/l Cd, Cu, 370 mg/l Fe, 35 mg/l Mg, and 54 mg/l Zn. Shay
[1997] described in more detail the geochemistry of the aquifer and the relationship of
groundwater contamination to the stratigraphy of the floodplain sediments..He found the
groundwater chemistry to be extremely spatially heterogeneous, both laterally and with
depth, and that zones of highly contaminated groundwater generally correlated with areas
within the floodplain where contaminated sediments are continually or seasonally saturated
by the groundwater or capillary fringe.

The water table has been found to lie between 0 to 1.5 m below land surface,
depending on location and temporal variability, and is hydrologically connected with the
creek [Shay, 1997]. Water level measurements taken across the site indicate that general
groundwater movement is from east to west [Smart, 1995; Shay, 1997]. Although the
surface water is significantly less contaminated than the groundwater, it is devoid of aquatic
life with the exception of certain microorganisms | Wielinga et al., 1994}, algae, and an
extremely depauperate aquatic insect population. During major precipitation events, it

becomes particularly contaminated due to input from the floodplain [Lucy, 1996].



Methods

Three sites along the 1 km study area were selected following preliminary
measurements of temperature, pH, and specific conductance used to approximate locations
of groundwater inflow versus surface water infiltration [Sillman et al., 1995; White et al.,
1987; Jones et al., 1994] (Figure 2). Two of the sites were located where groundwater
flowed approximately perpendicular to the surface water, thereby presumably forming a
flow-through system like that caracterized by Benner et al. [1995]. The third site was
located in an area where the surface water and groundwater flow directions were
approximately parallel. Each site was divided into three transects, each about 5 m apart.
Detailed streambed topographic maps were constructed at each site. These maps were used
to correlate the chemistry of the subsurface water with streambed topography and grain
size.

Two shallow piezometers were installed several meters away from the creek banks.
Water levels were measured in wells during every sampling session using an electric tape.
Concurrent collection of floodplain piezometric data by Shay [1997] futher aided in the
making of potentiometric maps of the area. These surveyed instruments enabled the
measurement and comparison of water levels on both sides of the stream relative to each

other and to surface water stage.

Water sampling:

Each transect was instrumented with 5 subsurface water access tubes (1 cm OD
polyethelene tubing), which were used for sampling the pore water below the streambed
surface and in the adjacent banks and floodplain (Figure 3). Small diameter, flexible tubing
was used instead of open PVC wells so that sample exposure to air was minimized. The
lower 10 cm of the tubes were perforated and covered with a fine nylon screen. Two of the
tubes were placed into the floodplain approximately 1 m away from the stream bank,

8
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10
another two were submerged and set into the banks of the stream, and one tube was placed

into the streambed at the center of the transects. Transects at Site | had two additional
tubes, which were installed for pﬁrposes of sampling water away from the creek bed
during high flow, when all five tubes became submerged. The tubes were installed by
driving a steel rod into the sediment and upon its removal immediately inserting the plastic
tubing. Wooden stakes attached to the tubes were inserted to stabilize the shallow tubes.
The tubes penetrated between 15-25 cm into the streambed.

Each subsurface water sample was taken using an acid washed 60 cc syringe after
purging at least one tube and one syringe volume. Small sample volumes were used in
order to avoid integrating water from areas far from the tubes. The subsurface water
access tubes were filled with water and tightly sealed after each sampling event. Three
depth-integrated surface water samples were taken across each transect, one near each bank
and one in the center.

Syringe collected samples were immediately pushed through a 0.45 ym filter setin
an acid washed filter housing and into an acid washed 30 ml bottle. Approximately 10 ml
of sample was used to purge the filter and bottle before taking the sample. Each cation
sample was acidified with three drops of concentrated trace-metal grade HNO3immediately
following collection. Anion samples were unacidified. All samples were immediately
placed on ice in the field and kept chilled until analysis. Field blanks and duplicates were
collected during every sampling session. In the laboratory, the acidified samples were
analyzed using a Thermo Jarrel-Ash Inductively Coupled Argon Plasma Emission
Spectrometer (ICAPES) for As, Ca, Cd, Co, Cu, Fe, Mg, Mn, Mo, Na, Ni, Pb, Si, Sr,
Ti,and Zn. Unacidified samples were run on a Dionex lon Chromatograph (1C) for
chloride, nitrate, and sulfate analysis within 48 hours of sampling.

Dissolved oxygen, pH, and specific conductance were measured in the field on

small sub-samples. Alkalinity was measured in the field by titrating HCI in the sub-sample
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until the pH dropped to 4.5. Temperature was measured for all the sample sites at one

point in time in order to minimize temperature fluctuations which occur during the course of
the day of sampling. A thermometer probe was inserted about 10 cm into the sediment as

close as possible to the subsurface water access tubes, and direct readings were taken.

Solid phase sampling :

Using artificial substrates to sample the solid phase by-passed the problems
encountered when trying to core coarse-grained stream sediments and delineating coating
history on the variably sized sediments [ Benner et al., 1995]. Twenty-séven bead columns
were constructed using 40 cm long polycarbonate tubing (1 cm OD., 0.6 cm ID) which
were slotted (1 mm width) 'witﬁ a band saw on two sides in 3 mm intervals.
Aluminosilicate beads (2 mm average diameter) were inserted into the columns, with
plastic dividers separating every 10 cm of tube. The dividers were used to minimize
vertical integration of the water flowing through the columns. The assembled columns
were soaked in 20% reagent-grade HCl for 2 hours and rinsed repeatedly with deionized
water until the ambient pH of deionized water wasreached. In the field, each tube was
carefully inserted into the substrate so that 30 cm of the column was below the channel bed
surface and 10 cm was exposed in the surface water. Three bead columns were placed in
each of the 9 transects, with each column placed as close as possible to the three subsurface
water sampling tubes in each transect (Figure 3). The bead columns were identified by the
transect in which they were placed (e.g. "IA" = Site I, Transect A) followed by 1, 2, or 3,
depending on whether they were in the left bank, center, or right bank of the creek (looking
upstream), respectively.

After 52 days, the bead columns were removed. With the removal of each column,
the location of the water-substrate boundary was marked with a rubber band, and each

column was quickly rinsed in the stream to wash off excess sediment and algal growths.
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Each column was labeled, photographed, wrapped in plastic wrap, and stored. In the

laboratory, the columns were oven-dried at 70°C and then carefully sectioned into 4-7
segments, depending on the amount of visible coating variation on the columns. The beads
within the surface water portions of the columns were carefully chosen by using only those
with no visible algal coatings. (Only two bead sections (Bead IIC-3, section 0-8.5 cm, and
Bead 11JA-3, section 0-7.5 cm) were analyzed using beads with some algal coatings that
could not be avoided). This was done because analysis of beads with algal coatings
demonstrated that the algae themselves contained highly elevated metal concentrations (200-
300% the concentration of beads from the same section without algal coatings), thereby
obscuring concentrations of precipitates on the beads. Approximately one gram of bead
from each section was measured out. The weighed beads were placed into an acid-washed
centrifuge tube, to which 10 mL of 40% trace metal grade HCl was added. The columns
were then shaken for 1 hour and centrifuged for 10 minutes. The solutions were analyzed

for major metals using the ICAPES.

Sediment sampling

Three sediment samples were taken from along each bank of each of the three study
sites. The samples were taken from the top 1-2 cm of stream sediment and wet sieved
through a 63 um mesh, using ambient stream water. The samples were stored on ice for
transport to the laboratory, where they were immediately centrifuged and dried ina 70°C
oven. The dried sediment then underwent a microwave aqua-regia digest, and metal

concentrations were determined with use of the ICAPES.
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Quality Assurance/ Quality Control

Accuracy and precision were measured separately for the water samples and for the
bead digest samples. Field duplicates, lab duplicates, lab standards (internal and external),
and blanks were used to find the % error (or variability) associated with each element in
each water and bead sample.

Accuracy was measured by comparison to USGS standards T107 and T117, which
were measured during every use of the ICAPES for cation analysis (Table 1). Almost all
of the mean measured values were less than 10% different from the reported mean values.
For those measured during water analysis, exceptions for USGS T107 were Cd (19.6%),
Cu (12%), Mn (12.9%), and Si (12.7%) and for USGS T117 were Ca (12.7%), Mn
(10.9%), Si (13.7%), and Zn (13.3%). For the standards measured during bead analysis,
the accuracy was not as good, likely due to carry-over from the high concentrations of
metals in the bead digests into the relatively dilute standards. All elements were no more
than 15% different from the reported values. Exceptions for USGS T107 were Ca
(17.1%), Cd (28.4%), Fe (22.4%), Mn (20.4%), Si (20.8%), and Zn (26%), and the
exceptions for USGS T117 were Si (15.7%) and Zn (18.8%). Accuracy was less
important on the bead digests than was precision, due to the use of the beads for

establishing relative concentrations only.



Reported
values
mean (std.dev)

USGST1607
Meas. values % Diff.
(run with water  from

samples) (n=29) Reported

Meas. values % Diff.
(run with bead from
samples) (n=20) Reported

A1 1022 (0.045) 0.24 (0.022) 9.94 0.24 (0.020) 7.57
a [1L7 ©7) 128 (0.4) 8.98 139 (0.7) 17.1
d [0.0143 (0.002) 0.0174 (0.001) 19.6 0.0190 (0.001) 28.4
u  [0.030 (0.0023) 0.027 (0.012) 12.0 0.03 (0.002) 7.34
e [0.052 (0.007) 0.056 (0.015) 7.23 0.065 (0.0007) 22.4
g 2.1 (0.13) 2.2 (0.091) 4.65 2.36 (0.10) 11.5
n J0.045 (0.006) 0.051 (0.002) 12.9 0.055 (0.002) 20.4
o [0.015 (0.002) 0.016 (0.002) 7.69 (0017 (0.0024) 14
a [20.7 (1.1) 228 (0.44) 9.66 23.6 (1.1) 12.9
i 36 (23) 4.1 (0.14) 12.70 |44 (0.22) 20.8
r 0061 (0.004) 0.063 (0.002) 3.23 0.067 (0.003) 22.9

Zn [0.076 (0.01) 0.08 (0.03) 5.39 10.098 (0.006) 26

USGST117
Reported Meas. values % Diff. Meas. values % Diff.
values (run with water from (run with bead from
mean (std.dev) samples) (n=12) Reported samples) (n=11) Reported

Al ]0.079 (0.019) 0.084 (0.022) 584 0.090 (0.017) i3.3
a j209 (1.2) 23.7 (0.4) 12.7 242 (0.9) 14.6
e (047 (0.018) 051 (0.015) 7.87 0.52 (0.019) 9.78
g |10.05 (0.44) 10.99 (0.091) 8.92 11.03 (0.32) 9.27
n [0.22 (0.003) 0.25 (0.002) 10.9 0.25 (0.009) 12.8
o [0.012 (0.002) 0.013 (0.002) 11.1 0.013 (0.002) 8.70
a {200 (1.26) 22.0 (0.436) 9.67 223 (0.89) 10.9
i 554 (03) 6.35 (0.1) 13.7 648 (0.22) 15.7
r 0.265 (0.011) 0.277 (0.002) 4.42 0.277 (0.007) 4.48
n |0.176 (0.009) 0.201 (0.025) 13.3 0.212 (0.010) 18.8
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Table 1: Results of analyses of Standards USGS T107 and T117 water standards run with
water and bead digest samples.

concentrations were below detection, with the exception of Zn, whose average

Eighteen field blanks were collected during the water sampling, and all

concentration was 0.018 mg/l. Twenty three lab blanks were also run during the course of

the water analysis, and again all concentrations were below detection. Lab blanks run

during bead digest analyses showed all elements to fall below the detection limit.

However, bead blanks, which were digests run on the aluminosilicate beads not installed in

the creek bed, showed significant levels of Al and Si, likely resulting from the composition
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of the beads themselves. For these reasons, Al and Si values had to be discarded for the

bead concentration results. Bead blanks also resulted in mean concentrations of Ca with
5.6 ug/ g bead; Mg with 1.3 ug/ g bead; Na with 0.96 ug/ g bead; and Ti with 0.09 ug/g
bead. The highest levels found in the bead blanks during each analysis were used
toestablish the boundary of minimally significant bead concentration values in the samples.

Precision was measured through analysis of both lab and field duplicates. Field
precision of the water samples was measured by analysis of eleven duplicate samples
collected in the field (about one from each sampling event). Precision of the bead samples
was measured by taking 17 duplicate samples of beads from randomly selected sections of
the tubes. Lab precision was measured by running the same samples (whether water or
bead digest) at least once and calculating the variability in the readings by the ICAPES and
IC, whichever pertained. Twenty-two lab duplicates were run during the water sample
analysis, and twenty were run during the bead digest analysis.

Each sample was compared with its field and/or lab duplicate and the percent
difference between the duplicates was calculated for each element. For purposes of
calculations, a value of one-half the detection limit was applied to each metal whose
concentfation fell below the detection limit. The 95% confidence interval of the mean of all
the compiled percent difference values was calculated (Table 2). The variability in the lab
duplicates was significantly smaller than that of the field duplicates (for the water samples)
and bead coating variability (for the beads); therefore, the latter were used for construction
of error/variability bars. Thus, the concentration of each element in each sample had an
error bar applied to it which represents the 95% confidence interval of the mean field
variability for the specific element. The appendix contains all of the field and lab duplicate
samples with the individual percent changes as well as the compilation of percent changes

from which the 95% confidence intervals were calculated.



NA
Diss. oxygen 23 % NA
Spec. Cond. 34 % NA
Alkalinity 19% NA
Cl 42 % NA
NO3-N 22 % NA
3042- 9.7 % NA
Al 28 % 37 %
As ' 22 % 18 %
Ca 1.3 % 15 %
Cd 21 % NA
Cu 21 % 14 %
Fe 8.4 %(a) 1%

31% ()

| Mg ‘ 25% 24 %
Mn 23 % 10 %
Mo 83 % 13 %
Na 1.6 % 18 %
Pb 39 % 9.2 %
Si - 1.2 % 18 %
St 1.7 % 13 %
Ti NA 20 %
Zn 16 % 12%

(a): For concentrations > 20 mg/l
(b): For concentrations <1 mg/l

Table 2: Summary of 95 % confidence intervals applied to water and bead samples for
construction of error/variability bars. the 95% confidence intervals for water reflect field
variability, and those for the beads reflect the coating concentration variability.



Results and Discussion

Physical setting

According to the potentiometric map of the study area, surface water and
groundwater had variable flow direction relationships (Figure 2). At Site I, surface water
flows approximately perpendicular to the groundwater. There, head measured on the east
bank was an average of 9.5 +/- 1.6 cm higher than the head measured in the west bank
during all sampling periods. Water levels in the stream fell inbetween the measurements
taken on either bank. Furthermore, temperature, assumed to be conservative, indicates that
water in the west bank (11.7°C on 6/20/95) was of intermediate composition between east
bank water (10.5°C) and surface water (14.8°C). This suggests that at Site I, the stream
functioned as a flow-through system, with groundwater moving into it from the east bank
and surface water recharging the west bank.

At Site II, the potentiometric maps indicate that groundwater and surface water flow
approximateiy parallel to each other. Water level differences in the north and south banks
and in the surface water were small enough to fall within the measurement and surveying
error of 3.0 cm. Temperature measurements of the shallow subsurface produced a highly
variable pattern of temperature zones which appeared to be controlled by grain size.
Generally, there was no spatial regularity to the patterns.

Although the flow relationships at Site 111 appear to be analogous to those at Site |
according to the potentiometric maps, the only discernable head difference was that the east
bank generally showed slightly higher (3.9 +/- 0.30 cm) water levels than in the surface
water. The difference between the surface water level and head in the west bank was
within the measurement and surveying error. Thus, the creek was found to gain water
from the east bank, while its potentiometric differences with the west bank are small

17



18
enough that flow directions could not be determined. Temperature measurements from

across the site show that the subsurface water, both in the banks and below the creek bed

were commonly 2-4°C colder than the surface water.

Streambed sediments:

All sites were generally characterized as having sand and gravel stream bottoms
with more fine grained sediments (fine sands and silts) forming the banks. At Site I, the
streambed ranged in size from coarse sands to medium gravels. The sediments along its
banks were mostly fine to medium silts and sands. At Site II, an unstable gravel bar

covered m¢st of the stream bottom during the course of the sampling -period.k Along the
| baﬁks, the sediments were moétly silty, with only some fine to coarse grained sands. At
Site III, the streambed sedime;nts’ranged in size from Sands to large cobbles, although the
- sediments along the banks were silts so fine grained that it was usually difficult and

sometimes impossible to extract water samples from them.

Flowrateinthe creek:

Water sampling took place over the course of four months, during which the flow
| rate in the creek varied frdfn about 800 to 6100 litérs per secohd U/s) (USGS, 1996)
(Figure 4). Water was sampled from all the transects in two. general episodes of flow rate
in the creek. One sample set was collected in late June to mid July, when the flow in the
creek ranged from 2800 L/s to 6100 U/s. The second set was taken in late August to early
September, when the flow rate was considerably lower, ranging from 800 to 1200 1/s.

During the lower flow period the bead columns were installed in the creek bed.
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Figure 4: Flow volume rate (I/s) in Silver Bow Creek at the time of water sampling and of
bead tube installation in the creek bed. Data from USGS [1996].

The head in the groundwater fluctuated about 0.8 m in the aquifer over the course of the

sampling period (Shay, 1997).

Hyporheic Zone Chemistry: Dissolved (<0.45 um) fraction:

Water highly elevated in metal concentrations compared to the surface water was
collected in the shallow hyporheic zone at depths less than 30 cm beneath the creek bed
during both low and high flow episodes at all the sites. The chemistry of the hyporheic
zone was highly variable both spatially and temporally. Every water sample had a unique
chemical composition. Table 3 shows an example of hyporheic zone water chemistry
found in two samples from each site. (The appendix shows the entire dataset.)

The pH of water collected from the hyporheic zone commonly measured about 6,
which is an intermediate value between typical groundwater (=3 - 5) and surface water
(=7- 8) at the site. Dissolved As in the hyporheic zone samples were found above the

detection limit of 0.07 mg/l in 65% of the samples, with an average of 0.28 mg/l. None
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o she k) o ) Sitedr | Site HI-
Sample: | IB-GW1 | TA-GW2 [ HIA-GWS | [IA-GW2 [ 1IIB- - | HIA-GW2
-1 6/26/9518/24/95 |7/6/98. [8/31/95 |GW4 . . |8/28/95
RN S T R T . {7/11/958 '

H 6.8 6.7 6.8 7.0 6.3 6.3
d.o, 0.5 1.5 1.3 0.6 1.7 1.7
Cond. 1.20 0.851 2.27 0.755 i.15 1.58
Alkal. |7.6E+02 {3.7E+02 | 1.7E+03 |3.8E+02 |[84E+01 |9.6E+01
Cl 30 15 26 18 27 38 '
NO, -N | BDL 0.13 BDL BDL BDL BDL
$O,” 15.3 36.4 188 17.8 7.5E+02 | 6.9E+02
Al 0.39 BDL 0.64 BDL 0.14 0.09
As 1.6 0.11 2.6 0.21 0.11 BDL
Ca 110 88 330 77 150 166
Ccd BDL BDL BDL BDL BDL BDL
Cu 0.175 BDL 0.954 0.015 BDL BDL
Fe 71 51 2.1E+02 |22 73 60
Mg 21 16 54 Il 36 38
Mn 20.0 8.61 45.5 7.79 2.9 10.0
Na 31 32 65 27 78 103
Ni BDL BDL 0.023 BDL BDL BDL
Pb BDL. BDI. 0.14 BDL BDL BDL
Si 21 17 17 20 23 2()
Sr 0.61%8 0.673 112 0.450 1.34 1.63
Ti 0.016 BDL 0.023 BDL BDL. BDIL.
Zn 0.384 0.042 2.04 0.166 6.4 27

Tuble 3: The chemical characteristics of six selected hyporheic zone sumples, two from
eachysite. Concentrations are inmg/l. Error/ variability bars are listed in Tuble 2.

of the 24 groundwater samples collected by Shay | 1997] at the same study site had any
measurable As, and it was below detection in the surface water. Aluminum, Cd, Co, Cu,
Ni. Pb, and Ti were below detection in some samples and above in others. The rest of the
measured metals were always at detectable levels, although the concentration ranges {or
most of them were variable within one to three orders of magnitude. lron and Zn
concentrations had the highest variability, with sample concentrations ranging over three
orders of magnitude; dissolved Fe concentrations in the hyporheic zone varied from 0.15 to
350 mg/l, and dissolved Zn concentrations ranged from 0.042 mg/l to 26 mg/l. Dissolved
Ca, Cl, Mg, Mn, Na. and Si concentrations had much smaller ranges of variability in the
hyporheic zone, generally within one order of magnitude.

Despite the large chemical variation, distinct patterns were found in the distribution

of dissolved chemical constituents in the hyporheic zone samples of each of the three sites.
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Site I:

At Site I, the water samples taken from the upgradient east bank, interpreted from
the piezometric data and from research by Benner et al. | 1995] to be the local groundwater,
typically contained higher concentrations of metals and SO4> and had lower pH levels than
did the samples taken from the downgradient west bank, interpreted to be the hyporheic
zone. The pH levels averaged 4.3 (standard deviaton = 1.2) in the east bank, in contrast
with samples from the west bank, where pH levels averaged 6.5 (standard deviation =
0.4). In addition, mean concentrations of SO42-, Ca, Mg, Cu, Fe, Mn, and Zn were
lower in the west bank than in the east bank, although the standard deviation for these
concentrations overlapped due to the temporal and small scale spatial variability.

The general trends observed at the Site is exemplified in the Figure 5, which depicts
the results of sampling transect B at Site | on one particular day (6/20/95). The
concentration patterns of Fe and Mg show highest concentrations in the east bank, lowest
were below the creek bed, and intermediate concentrations were in the west bank. The
concentration patterns of Ca, Na, and specific conductance were the same as those of Fe
and Mg. Sulfate, Al, Cd, and Zn had the same spatial trends as did Cu (shown in the
figure), with high concentrations in the east bank samples, and concentrations close to or
below detection in all other subsurface water samples. Two of the three sampling sites in
the center of the creek bed usually contained water which chemically resembled the surface
water. The third of these, sample site GW-3 at Transect A, was found to contain metal
concentrations similar to those found in the east bank all four times it was sampled. (The
appendix contains the results of the chemical profiles of the water samples taken along each

transect during all the sampling events at Site |.)
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Figure 5: Example of spatial trends of metal concentrations and pH and
dissolved oxygen (D.0O.) levels found across one transect at Site I. Points
on the graph correlate with locations along the transect, shown below the
graph. '
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Site Il :

The chemical differences across the transects at Site II were not nearly as clear as
those at Site I. Figure 6 exemplifies the general spatial trends found across the site. The
trends did not show a relationship of metal concentration and acidity favoring either bank.
Although average concentrations of Ca, Fe, Mg, Mn, and Na, and specific conductance
were commonly slightly higher on the south bank, average Cu and Zn tended to be slightly
higher on the north bank. Chloride, SO4>, and Si concentrations varied as well, but their
concentrations did not were not different in either stream bank. Samples taken from
beneath the gravelly center of the streambed (wells [IA-GW3, IIB-GW3, and IIC-GW3)
very closely resembled the chemistry of the surface water. In addition, the mean metal
concentrations at the Site were low compared to those found in water samples from Sites |
and III. It thus appeared that most of the samples were more heavily dominated by the
surface water than at Site 1. (The appendix illustrates the results of the chemical profiles of

the water collected along transects at Site 11.)

Site HI:

At Site 111, yet another spatial profile was identifiable across the transects. The east
and west banks of the creek exhibited almost identical subsurface water chemical
compositions (Table 4). The samples were characterized by almost neutral pH and
relatively high concentrations of dissolved metals.

The chemistry of the water collected from the subsurface of the central portion of
the creek had higher dissolved O2 and NO3™-N, and lower specific conductance, alkalinity,
and concentrations of all the constituents measured than did the water collected from within
the banks. Still, most of these concentrations were significantly higher than in the surface

water.



N —
20 =e=0=e=

B -I-O----

Concentration [mg/L]

Mg
Cu * 100

Fe/10

—~
4

Figure 6: Example of spatial trends of metal concentrations and pH and

South
bank
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'Sitelll ] West Bank | Below creek ' | East Bank
e e Mean (Std. | center Mean: | Mean (Std.
pdew) o [(Std.dews) | dewi) o o
o lm=9 s @m=8). o | psT0y
pH 6.6 (0.24) {66 (0.11) |6.6 (0.37)
D.O. 1.4 (0.9) |35 (0.9) 1.8 (0.7)
Cond. 1.27 (0.47) ] 0.650 (0.23) |1.80 (0.30)
Alkal. 458 (371) |122 (45) 306 (210)
cl 25.3(6.3) 15.8 (4.9) 58.1 (13)
NO3-N | (<0.15) 0.75 (0.38) | (<0.15)
S042- 364 (291) |236 (127) 553 (340)
Al 0.12 (0.10) }0.07 (0.04) |0.11 (0.05)
As 0.25 (0.12) |(<0.07) 0.22 (0.13)
Ca 133 (39) 63 (24) 172 (46)
Cu 0.03 (0.04) {0.08 (0.07) 10.03(0.02)
Fe 155 (139) 103 (6.9) 57.8 (40)
Mg 33.2 (12) 14.4 (5.8) 41.7 (12)
Mn 19.0 (8.9) 338 (2.2) |9.30 (4.8)
Mo 0.23 (0.20) [0.019 (0.01) |0.10 (0.05)
Na 72.7 (23.5) |332 (13.6) |141 (41.2)
Si 219 (2.8) |144 (0.55) [20.2 (4.1)
Sr 0.929 (0.42) | 0.473 (0.22) |1.51 (0.45)
Zn 185 (2.6) |473 (5.1) |3.16 (5.7)

Table 4: Mean and standard deviations of concentrations of metals and other measured
constituents at Site Ill. Mean Cd, Ni, Pb, and Ti ure not included because their means
were below detection.

Figure 7, which depicts the concentrations of some metals found at Transect 111B
on 7/17/95, exemplifies these trends found at Site Ill. The profiles of Mg, Fe, and Cu

show the pattern of increasing concentrations of metals with distance away from the creek

center, both in the east and west banks.

Low sulfare samples :

Some samples from the hyporheic zone were found to contain SO4>
concentrations that were significantly lower than in the groundwater and in the surface
water (Table 5). These samples were usually depleted or almost depleted in NO3--N and
dissolved O», and they contained relatively high alkalinity concentrations (Figure 8). In
addition, they came from locations where the surface water is thought to be infiltrating the
hyporheic zone based on potentiometric data, such as at Site Il and in many of the west

bank (downgradient) samples at Site [. Only one sample (IIIC-GW4 (8/31/95)) from

25
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Figure 7: Example of spatial trends of metal concentrations and pH and
dissolved oxygen (1D.0.) levels tound across one transect at Site 1. Points
on the graph correlate with locations along the transect, shown below the

graph.
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Figure 8: Sulfate vs. Alkalinity concentrations in the three water groups.
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Site I1I (where piezometric data indicate the stream to be gaining from at least one side) had

a sulfate concentration lower than that in the surface water.

Site |

Table 5: Dissolved oxygen, nitrate-N, sulfate , and alkalinity concentrations in some

IB-GW1 (6/26/95) | 0.5 BDL | 15.3 7.6E+02 | 6 0.9-1.0 54-55 1.0E+02
IA-GW2 (7/19/95) | 1.2 BDL | 28.9 57E+02 | 6 1.1 73 1.7E+02
1A-GW2 (8/24/95) | 1.5 BDL | 36.4 3.7E+02 | 7-8 1.6-1.7 90-96 1.3E+02
IA-GW2 (9/27/95) | 1.6 0.14 51.4 3.4E+02 | 7 1.9 108 1.3E+(2
Gite 11

IIA-GW4 (7/6/95) | 1.3 BDL | 25.8 34E+02 | 6 0.7-0.9 60-63 1.3E+02
1IB-GW4 (7/6/95) 1.1 BDL | 9.25 2.7E+02 | 6-7 1.2 62-67 1.4E+02
NA-GW2 (8/31/95) | 0.6 BDL | 17.8 3.8E+02 { 8 1.6-1.7 102-104 1.2E+02
HA-GW4 (8/31/95) | 0.9 BDL | 55.9 26E+021 8 1.6-1.7 102-104 1.2E+02
Site II1 ‘
HIC-GW4(8/31/95) | 2.1 0.73 79.1 2.3E+02 | 8-9 1.5-1.6 97-102 1.2E+02

hyporheic zone samples with most concentrations lower (and alkalinity higher )than surface
water and groundwater samples. The surface water chemistry for each given sampling
date is listed alongside the hyporheic zone samples for purposes of comparison.
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Surface water: physical and chemical results

The surface water chemistry was far less spatially and temporally variable than that
of the hyporheic zone water or the groundwater. Generally, it was near neutral in pH,
had moderate to high dissolved oxygen levels, and was relatively low in dissolved metal

concentrations (Table 6).

i
68

pH 7.7 (0.35) 82 : 6.6
D.O. 7.2 (1.3) 11 3.9
Cond. 0.424 (0.09) 0.545 0.304
Alk. 1.3E+02 (25) .| 2.0E+02 80

Cl 14 (4.2) 28 7.4
NO3~-N | 130 (0.53) 1.94 0.304
SO4 - 784 (23.7) 109 46.8
Al (<0.07) 034 (<0.07)
As (<0.07) (<0.07) (<0.07)
Ca 47 (8.8 58 : 35
Cd (<0.01) (<0.01) (<0.01)
Cu 0.136 (0.04) |0.262 0.06
Fe 022 (0.11) |046 - 1005
Mg 104 217 132 7.54-
Mn 1090 (0.29) |1.33 . 1044
Mo (<0.01) (<0.01) - (<001
Na 23 (47) . 29 16

Ni (<0.02) ‘ (<0.02) ; (<0.02)
Pb (<0.1) - (<0.1) ' (<0.1)
Si 413 (0.7D 16 12 .
Sr 0.265 (0.05) |0330 0.198
Ti 0.003 (0.002) |]0.010 0.003
Zn 0.645 (0.255) | 1.31 0.323

Table 6: Summary of surface water éhemiStrj ( concentrations in mg/l). The mean data are
Jrom all surface water samples collected, thus including those collectied over a range of
flow rates in the creek, spanning from 800 to 6100 Lis.

Surface water chemistry varied at all sites 'with flow volume. Generally,
concentrations of cations and anions decreased with increasing flow rate. Such
relationships were particularly clear for Ca, Mg, Mn, Na, Cl, NO3™-N, SO,”and specific
conductance (Figure 9). Relationships of Cu, Zn, Fe, Si, and pH with flow rate were not

as clear (Figure 10).
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Figure 9: Concentrations of Ca, Mg, Mn, Na, CI, NO 3 SO42-, and Speczﬁc;conducamce

vs. flow rate (L/s) in Silver Bow Creek.
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Figure 10: Concentrations of pH, Cu, Fe, Si, and Zn vs. flow rate (L/s) in Silver Bow

Creek.
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Although the flow rate varied over a 7.5-fold difference over the course of the study period

(from 800 to 6100 L/s), the concentrations of the elements did not vary accordingly (Table

7.



Parameter - | Conc.at 800 L/s | Conc. at 6100°L/s | Conc. at800L/s/
L | I Conc. at 6100 L/s
Mn 11 mg/l 045 mg/1 74

Cl 17 mg/1 7.5mg/1 23

SO~ 100 mg/1 45 mg/l1 2.2

Ca 53 mg/l1 35 mg/!1 1.5

Mg 13 mg/1 7.6 mg/1 1.6

Na 28 mg/1 17 mg/1 1.6

spec. cond. | 0.50 0.31 1.6

Zn 0.5-1.1 mg/1 0.38 mg/1 1.3-29

Cu 0.12-0.18 mg/1 | 0.10 mg/] 1.2-1.8

30

Table 7: Comparison of concentrations of selected parameters during low and high flows
inthe surface water

Solid phases

The bead columns provided a finer resolution scale of the chemical characteristics of
the hyporheic zone. When the three bead columns in each of the nine transects were
removed from the streambed, each exhibited two to three distinct color zones. The top
section (about 10 cm in the length) that projected out into the surface water was green due
to algal coatings on all of the bead columns. Most subsurface portions (the remaining
approximately 30 cm in length) of the columns remained white in color. Yet 22 of the 27
bead columns exhibited some amount of precipitation by reddish iron oxides along their
lengths. usually right at the surface water - substrate boundary. On some bead columns,
this coloration was a thick, dark red, and other columns had much thinner and lighter red
coatings. Bead Column I11A-2 is an example of a bead column that exhibits the three main
color zonations (Figure 11).

The red precipitation zones generally spanned no more than about 5 cm of the bead
column lengths, although considerable variability existed. Some bead columns exhibited

much thicker zones of precipitation (up to 30 cm, in the case of 1A-2 (Figure 12) and others

showed two separate zones of precipitation (IC-1, IC-3 (Figure 11), IIB-1, and HIIC-2) .
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Figure 11: Photographs of bead columns 111A-2 and IIC -3. Rubber bands mark the surface
water - streambed boundary.
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$e&]]

Figure 12: Photographs of bead columns IIA-2 and [A-2. Rubber bands mark the surface
water - streambed boundary.
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The five columns with no precipitation zones are I1A-2 (Figure 12), [IB-2, IIC-2 , all of

which were located in the center of the creek at Site 11, IB-2, in the center of the creek at
Site I, and IIA-1, located along the north bank of Site [I. The concentrations of metals

and As along the lengths of the columns mentioned above are listed in the Table 8.

CONCENTRATIONS ON BEADS (pg/ g BEAD)
: SW/

Ocm=top) Subs. iColors on
Wé&m&%&,w%%%& E b ISt  ITi  lZn |

A-2 0-12cm 13cm 0-13 preen 0.44 13 lo.05 17.8{39 [6.4 |7.05 J0.05]7.6 |BDL ]o.0 Jo.97]0.128]0.30413.3}
FA-2 12-15cm 13-15 light red 1.2 J11 Jo.08 [31.2{14013.0 ]3.36 Jo.20}4.1 [BDL}i0 [1.2 Jo.108]0.142]15.6
Ba-2 15-23em 1542 red 0.42 [9.6 }0.05 [18.2]21003.6 |3.77 Jo.31]4.8 |BDL 6.4 3.0 J0.085]0.16112.
JiA-2 23-33.5cm 0.21 |22 I8DL {10.9]14013.6 [3.25]0.21}5.4 [BDL[3.6]1.6 J0.117]0.164]6.34
BA-2 33.542cm 0.22 1.0 IBDL |10.7]19013.8 |3.41 j0.30]5.6 |BDL|3.1]1.6 J0.071]0.164]6.13
| -

BC-1 0-8cm 8cm i0-Bpreenw 10.48 9.1 IBDL {5.55[18 |2.6 |1.98 |BDL|2.0 Jo.25]3.6]0.71 [0.075]0.238]6.79
fiC-1 8-11 cm red streak 0.58 J11 IBDL |2.65]30 4.2 |4.81 [BDL3.7 J0.73]5.0]i.1 fo.094]0.174]8.04
BiC-1 1130 cm i8-11 v.l. red IBDL |8.0 |BDL J4.49}7.6]4.1 |3.52 |BDIL.}4.9 0.34 |2.3 ]0.48]0.060]0.137]0.84

C-1 30-42cm 11-30 white 2.3 113 J0.12 |1B.0J30083.8 16.46 j0.4314.4 1.6 J40 {1.2 (0.2681{0.179121.

30-42 med. red

IA-1 0-10.5cm }15.5 cmj0-10 drk green §BDL |BDLIBDL ]4.22]10 |BDL}1.30 {BDL {BDL [BDL 13.0 {BDL{BDL [BDL {3.61
BIA-1 10.5-15.5cm 10-15.5 green |BDL |BDLIBDL [2.91]0.2|BDLj0.880BDL |BDL IBDL |2.9 IBDI.|BDL IBDL (2.12}
RIA-1 15.5-22cm 15.5-20.5 BDL |BDLIBDL [3.11}6.3|BDL]0.612BDLIBDL IBDL {2.4 [BDL{8DL |BDL 11794
B1A-1 22.533cm Lgreen 8DL |BDLIBDL [2.98]5.5|BDL]|0.616BDL{BDL {8DL §2.5 |BDL{BDL. |BDL }4.46}
JiA-1 33-42¢m 20.5-42 white {BDL {BDLIBDL [1.12§3.4]BDL]0.410{BDL }BDL IBDL {2.3 |BDL|BDL |BDL J2.17
l |
B1A-2 0-10.5em  {13.5 cmi0-13.5 green |BDL [BDL{BDL 475117 [spih1 82 {8prent §spi 5.0 jsoiispr [epi. J4.19)
BA-2 11-13.5cm 13.5-42 white {BDL |BDLIBDL }2.35]9.9]BDL]0.780{BDL]BDL §BDL I3.4 IBDL {BDL IBDL [2.54)
J1A-213.521.5¢cm BDL |BDLIBDL |i.82}7.6]BD1.}0.648BDL {BDL {BDL 2.8 |BDL |BDL |BDL |1.98
Bia-222-32cm BDL |BDL]BDL 0.85{3.7|BDL.}0.369BDL |BDL |BDL 2.1 {BDL|BDL |BDL }i.08f
BIA-2 32-42cm Bp1. {BDLIBDL J0.77]4.4]BDL]0.340BDL |BDL IBDL |2.0 |BDL |BDL |BDL [o0.94
piB-1 0-8cm gm  10-8 green BDL J10 |BDL J4.85]16 [1.9 |1.62 |BDL|1.6 [0.19 4.1 Jo.66]0.083Jo.192]5.13]
PIB-1 8-14cm 8-14 v.light red}0.75 ]9.4 |BDL |4.01]28 }1.68]1.27 |BDL]i.37 [BDL [4.9 |1.62]0.098]0.253 }7.49
FiB-1 14-26cm 14-26 white 0.6 17.8 IBDL J2.65]11 ]1.71]0.58 |BDL|1.51 |BDL |1.9 [0.85[0.0670.203 ]5.79)
hiB-1 26-35cm 2641 light red [1.41 J10 |BDL J4.10]36 {2.14]1.19 |BDL]1.56 [BDL |5.2 [1.87]0.105]0.296 4.6
JiB-1 35-d4icm 1.77 12 |BDL |2.98]31 §2.30]1.17 {BDL[2.0 [BDL J4.6 f1.24]0.117]0.296{5.03
BiB-20-7cm Tcm  {0-6 green sDL. [BDL|BDL [5.23]16 |BDL]1.75 [BDLIBDL [BDL {4 4 {BDLIBDL |BDL [4.79
§IB-27-12cm 68 light green |BDL [BDLIBDL [5.50]21 {BDL|1.83 [BDL|BDL f0.68 }4.6 |BDL|BDL |BDL {4.51
JIB-2 12-19.5cm 8-40.5 white  |BDL |BDL|BDL [3.85{21 |BDL|1.34 [BDL|BDL [1.36 3.7 |BDLIBDL |BDL }3.53
PIB-2 20-30cm BDL [BDLIBDL 2.13 |16 [BDL|0.923BDLIBDL |1.35}2.7 |BDL|{BDL IBDL |2.29F
B1R-2 30-40.5¢m BDL [BDLIBDL f0.92]3.1[8bLjo.334BDL{BDL |BDL {1.6 [BDL]BDL [BDL ]1.24
|

Bic-20-4.5cm 0.32[12 [BDL |s.80}18 J2.2 |2.10 |BDL 1.8 {BDL J3.9]0.52]0.093}0.162]5.4
BiC-2 4.58 5cm 0.24 12 8oL Ja. 7415 |22 181 IBoLf2.4 I8DL J2.8 J0.46}0.088]0. 172 [4.06
JIC-285-11cm {85cm j0-85preen  |BDL 11 IBDL {3.55]11 [1.7 ]1.50 {BDL}2.6 {BDL }2.0|BDL}0.070]0.126]3.3
BiC-2 1i-2tcm 8.540 white |BDL [9.9 [BDL {2.46}7.7]1.5 Jo.843]BDL}2.4 |BDL |1.5BDL]0.062]0.122]2.41
llIC~’.Z 21-30cm BDL }6.9 |BDL }1.29]4.0]0.9 ]0.390BDL.|BDL |BDL |BDYBDL. {BDL. |BDL [1.49
BiC72 30 30cm BDL |6.5 |BDL }1.013.1]1.1 J0.37 |EDL]i.4 |BDL JBDIJBDL]0.14 0.090]1.3

Table 8: Concentrations of metals and As (puglg bead) along the lengths of 7of the 27 bead
columns.

(A full listing of the concentrations on all the bead columns are in the appendix.)
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Analysis of the bead column sections revealed that the white sections generally
contained the lowest metal concentrations, the red sections contained the highest
concentrations, and the green zones contained concentrations inbetween the two, although
closer to the low concentrations on the white beads. The element for which this was most

clearly apparent was Fe (Figure 13).
400

300

200 -

Fe conc. (pglg bead)

100 A

Surface Red Light red White
water becads  peads beads
beads

Lrror bars are the standard deviation of the mean
concentrations of the samples.

Figure 13: Meuan Fe concentrations (ug/g bead) on bead color zones (all samples,
compiled.)

The standard deviations of the means for Fe concentrations shown in the figure are so large
because the figure uses data from all the columns, which come from different portions of
the creek, which overly a very chemically heterogeneous groundwater system.
Examination of columns on an individual or site specific scale reveal significantly smaller
variability bars among the different color zones. 'The concentrations of metals on the
surface water beads were far less variable than those found on white or red beads, likely
due to the relatively homogeneous chemical nature of the surface water across the site.

The comparison of ratios of dissolved metals in the surface water to ratios of metals on

bead columns (surface water sections) shows the following sequence of preferential
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precipiation in the surface water: Fe > Cu> Zn > Mn>Na> Mg > Ca. (i.e., of these

metals, Fe is most unstable in the dissolved phase of the surface water, and Ca is most
stable).

Figures 14-16 iltustrate the concentrations of various metals and As along the
lengths of a few of the bead columns, one from each site. Note the correlation of
concentration with coloration on the columns, and that many metals peak in concentration at
the same places along the columns. Metals which typically do not exhibit clear trends along
the lengths of column are Ca, Mg, Na, and Ti. The appendix contains the concentrations

of the metals and As for each section along all the bead columns.

Site-specific trends: Bead columns

Eight of the nine bead columns from Site I had red precipitation zones on them.
The six bead columns within the banks (one in each bank for each transect) had the
precipitation zones located right along the interface between the surface water and the
streambank sediments, with concentrations of Fe=~100-300 ug/g bead; Mn:3—5 ug/g bead;
Zn=~6-20 ug/g bead. Two of the three bead columns set into the center of the creek bed
revealed precipitation zones. That of Transect A had the longest accumulation of
precipitates found on any of the columns; the precipitation spanned the entire 30 cm length
of its subsurface portion. The bead column in the center of Transect B was the only
column at the site without any detectable precipitation on it.

At Site 11, none of the three bead columns in the center of each transect had any
detectable precipitation zones, yet those along the banks (except for [1A-1) did. However,
the precipitation zones on four of the six were very light red in color and had metal
concentrations significantly lower (Fex~30-40 ug/g bead; Mn=1.0-1.5 ug/g bead; Zn=3-7
ug/g bead) than on those in the darker red precipitation zones common to bead columns at

the other sites.
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Figure 14: Bead column IA-1 concentration profile
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Bead Column IIC-3
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FFigure 15: Bead column HC-3 concentration profile

LE



Bead Column ITIC-1
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At Site 111, every bead éolumn, including the three in the center of the creek bed,

had a zone of precipitation on it. The precipitation zones were all relatively dense, with
high metal concentrations (Fe=100-700 pg/g bead; Mn=~0.5-3 ug/g bead; Zn=5-18 ug/g
bead), and occurred right at the surface water - substrate boundary. A few (e.g. IB-1,
HIA-1 and I1IB-3) had metal concentrations on their surface water portions which were
significantly elevated (about 2-5 times more concentrated) than the more typical

concentrations found on other surface water beads.



Physical mixing in the hyporheic zone:

The results of the examination of the physical relationships of groundwater and .
surface water flow directions, as well as the temperature patterns found beneath the creek
bed at the three sites indicated that the waters were physically mixing. The solute chemical
composition of the hyporheic zone samples being distinct from that of both the surface
water and local groundwater i1s more evidence that physical mixing of the waters was likely
taking place. The component of physical mixing in the hyporheic zone can be identified
through the use of conservative ions, or natural tracers that do not make a transition
between the solid and aqueous phases across the groundwater- surface water interface. In
addition to not reacting, conservative metals concentrations should form a linear
relationship when plotted against each other, indicating that they may be a product of
mixing of chemically different waters [Faure, 1991]. The mixing ratios calculated from
concentrations of conservative elements in the hyporheic zone indicate the proportion of
groundwater to surface water present in each subsurface water sample.

Benner et al. | 1995] used Cl and Mn as conservative elements in their study at
Silver Bow Creek. Chloride is typically thought to be one of the least reactive solutes in
aquatic systems and has been used in many tracer studies | Feth, 1981; Legrand-Marcqand
Laudelot, 1985; Triska et al., 1989; Stollenwerk, 1994], and Mn has been used in other
studies as a conservative tracer as well |Bencala et al., 1987]. However, other than in the
surface water, Cl and Mn do not form a linear relationship according to the data collected
for this study. Na has been found to act conservatively in aquatic systems together with CI
|Theobald et al., 1963; Chapman, 1982|. However, these two do not form a neatly linear
relationship either, likely indicating an unidentifiable measurement problem with Cl. A
small range of Cl concentrations (16-22 mg/l) are connected with a wider range of Na

concentrations (approximately 20-120 mg/l). Most importantly, the very small differences
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between the surface water Cl concentrations and the groundwater Cl concentrations (all but

the ones collected near Site 111) made it a poor choice for calculations of mixing ratios.
Ca and Mg appear to be acting conservatively at the site, and their concentrations in
the surface water and the groundwater are relatively large. Ca and Mg follow linear

conservative mixing relationships [ Faure, 1991] (Figure 17).
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Figure 17: Dissolved Ca vs. Mg concentrations [mg/l ] in water saumples.

In addition, the solid phase sampling results support the conservative behavior of Ca and
Mg. On 20 of the 27 bead columns, Ca and Mg did not exhibit any statistically significant
trends along the length of the bead columns, suggesting that they generally undergo very
small to insignificant chemical changes across the surface water - groundwater interface as
reflected in the solid phase. The comparison of dissolved vs. solid phase ratios in the
surface water further confirm the observed conservative nature of Mg and Ca, since they
were shown to be most stable in the surface water's dissolved phase compared to the other
metals. Other researchers have found one or both of these elements to behave
conservatively in aqueous systems as well [ Stauffer, 1985; McKnight and Bencalu, 1990;
Wetherbee and Kimball, 1991]. Thus, Ca and Mg were used to calculate mixing ratios in

the hyporheic zone.
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By using the mixing equation:

y =100 * ([HZ]-ISWD/(IGW]-[SW)) {Benner et al., 1995; modified
from Triska et al., 1989]
where
y=the percent groundwater in the hyporheic zone water
{HZ|=the concentration of the element in the hyporheic zone
[SW]= the concentration of the element in the surface water
[GW]= the concentration of the element in the groundwater
the percent of groundwater in the hyporheic zone water samples could be calculated using
Ca and Mg concentrations (Figures 18-20). Because each sample was unique, a separate
mixing ratio was calculated for each.

Calcium and Mg (and Na at Site II) yielded nearly identical values of mixing ratios
for most of the subsurface water samples, usually within +/- 10%. Varniabilities exist due
to possible sampling errors, analysis errors, and inaccurate concentrations used to represent
the local groundwater chemistry.

Finding the endmember groundwater concentratipn (IGW)) proved difficult. Due
to the variability of the metals concentrations in the groundwater generally existing on
scales smaller than the size of any of the three sites used in this study [Shay, 1997}, it was
not feasible to make a generalization of the groundwater chemistry across the study area for
calculating mixing equations. Instead, values for the groundwater concentrations were
assigned according to the chemistry of the closest high-metal, upgradient sample at each
transect. Although some of these samples may have been influenced by the surface water
due to their close proximity (within 3 meters) to the creek, they likely represent the local
groundwater interacting with the creek better than would samples taken from piezometers
further away on the floodplain which commonly contain water of greatly different chemical
composition. If these samples have some surface water component within them, the

mixing ratios may be an overestimation of the amount of groundwater calculated per

sample. However, there is no way to draw the line between "pure" groundwater and
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groundwater partially diluted by inflowing surface water, given the heterogeneity of the
groundwater system itself.

At Site I, the groundwater Ca and Mg concentrations used were taken from east
bank (upgradient) samples with the highest concentrations of these elements. For transect
IA, water sample IA-GW4 (9/27/95) was used as the groundwater end member; for
Transect IB, sample IB-GWS5 (8/27/95) was used; and for Transect C, sample IC-GW6
(6/28/95) was used. At Site II, the values used were derived from [IA-GW5 (7/6/95), a
sample collected from the stream bank about 0.5 m south of the creek at the site. It
contained significantly higher concentrations of Ca, Mg , and Na than did the two closest
(10 and 20 m away) floodplain piezometers. The mixing ratios for Site Il indicate that Na
is acting conservatively together with Ca and Mg, and thus was included in calculating the
average mixing ratios at this site. At Site III, the values were taken from the subsurface
water access tube GW-1 in transect I[IA. The sampling tube was chosen because it was
upgradient of the creek, and its concentrations of con‘servative elements were highest.

The surface water concentrations [SW| varied significantly with flow volume, and
thus the end member surface water values varied with each sampling date. This variability
was accounted for in the calculations; surface water values used were adjusted for the
specific concentration found on the same day as the hyporheic zone water sample was

collected.

Site-specific trends with mixing ratio results

As seen in Figures 18-20, the mixing ratio results indicate that significant portions
of the shallow subsurface water samples are groundwater in a the samples (> 20%
groundwater in 48% of the samples). The mixing ratios also illustrate the large degree of

heterogeneity seen in the samples, both in terms of spatial distribution and changes with
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flow rate in the creek. Nonetheless, on a site by site analysis, general trends were

discernable.

At Site I's east bank, where the highest metal concentrations were observed in the
water samples, the mixing ratios further indicate that groundwater comprises a relatively
large portion of the samples (mean 48%). The west bank had lower mean percentages of
groundwater composition (17%), and the samples from the below the center of the creek at
Transects B and C were calculated as having 0% groundwater. The samples from below
the center of the creek at Transect A, which contained relatively high metal concentrations,
show groundwater comprising proportions of the samples similar to those in the east bank.
Thus, the west bank samples are again interpreted as representing the local hyporheic zone,
where infiltrating surface water mixes with the groundwater in the west bank. The
upgradient east bank samples more closely resemble the local groundwater as characterized
by Shay [1997], and are interpreted to represent the groundwater moving into the creek.
This general relationship was also described by Benner et al. [ 1995] at the same site
(spectifically, at this study's transect IC).

At Site 11, the mixing ratios indicate that both banks contained some proportion of
groundwater, although not more than about 27% at any location (other than IIA-GWS5,
which was used as the groundwater end member). All samples taken from beneath the
center of the streambed were calculated to contain 0% groundwater. The mixing ratios
suggest that this site is heavily controlled by the surface water, as compared with other
sites, and groundwater is not a major component of the shallow hyporheic zone (Figure
19).

The mixing ratios at Transects A and B at Site 11l also complement the general
trends seen in the metal concentrations across the transects. Generally, both east and west
banks contained similarly high proportions of groundwater according to the mixing ratios.

Each transect exhibited increasing groundwater concentrations further from the center of the
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creek. Yet, even those samples below the center of the creek bed contained from 1 to 27%

groundwater, depending on sample time and location. Thus, the east banks samples are
interpreted to represent the local inflowing groundwater, due to the high metal
concentrations found in the samples and because of the higher head in the east bank
piezometer. Because of the undetectable head differences between the west bank and the
surface water, there does not appear to be a strong gradient moving surface water into the
groundwater or vice versa. This, in conjunction with the high concentrations of metals
and the calculated proportion of groundwater in the west bank samples and in the center of

the creek, suggest that the creek may be gaining water from all sides at this site.

Chemical transition in the hyporheic zone
No metals other than Ca and Mg (and in places Na and Cl) form linear plots of

their concentration relationships, and their mixing ratios do not match those produced using
the conservative elements. This indicates that chemical reactions are taking place in the
hyporheic zone in conjuction with the physical mixing of the waters.

Examination of the bead columns with precipitation bands further indicates that
physical mixing is not the only factor controlling the chemistry of the hyporheic zone. The
highest concentrations of metal precipitates typically occurred right at the surface water -
substrate boundary. These precipitation zones are interpreted to represent the portion of the
hyporheic zone where acidic, reduced, and high-dissolved metal concentration water comes
into contact with large enough amounts of the neutral, oxic, and more dilute surface water
to induce the precipitation of metal oxides [Benner et al., 1995]. Very minimal
precipitation of metals is found on the white portions of the bead tubes below the red
precipitation zones. These white portions are thus interpreted to have resided in more
acidic and less oxic environments which are favorable to retaining metals in solution

[Stumm and Morgan, 1970]. Such environments are found where larger proportions of
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groundwater are present. The concentrations of precipitates observed in the surface water

portions of the bead columns are also relatively low. Therefore, conservative physical
mixing between the two low solid-phase concentration zones cannot explain the thick bands
of high metal concentration precipitates that separate the two. Instead, these zones of
precipitation are products of chemical reactions which occur where the chemically distinct
surface and groundwaters mix to the extent that metals in the groundwater become unstable
in the dissolved phase due to the dilution by oxic and neutral surface water.

The precipitation of metals within the mixing zone agrees with chemical theories
and field and laboratory observations of pH and Eh controlling the partitioning of metals
into their dissolved and solid phases [Stumm and Morgan, 1970; Chapman et al., 1983;
Nordstrom and Ball, 1986; Stollenwerk, 1994). In numerous studies on streams affected
by acid mine drainage, researchers have illustrated the close correlation of dissolution/
precipitation and sorption/ desorption reactions with changing pH and redox conditions
[Theobald et al., 1963; McKnight and Bencala, 1990; Davis et al., 1991; Smith et al.,
1992]. Generally, metals become increasingly less soluble in less acidic and more
oxidizing conditions, and microbial action greatly accelerates the rate of redox reactions
[Nordstrom, 1982]. The oxidation rate of Fe (II) to Fe (I1I) is pH dependent | Nordstrom,
1982}, typically occuring between a pH of about 4.5 and 5.0, and commonly results in the
formation of Fe oxides or oxyhydroxides {McKnight and Bencala, 1990]. At higher pH
levels, metals such as Al, Cd, Cu, Mn, Pb, and Zn come out of solution and can sorb with
the Fe oxides |Johnson, 1986; Filipek et al, 1987; Rampe and Runnells, 1989; Callenderet
al., 1991).

Most of the hyporheic zone water samples had near neutral pH levels, yet they
commonly contained high levels of metal concentrations. This suggests that many of the:
metals remain 1n the dissolved phase (or in colloids <0.45 um that can pass through the

filter) at least until a near- neutral pH is reached. The relationship between pH levels and
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metal concentrations is seen in Figure 21. The relatively steady concentrations of metals

such as Fe, Co, Mn, Mo, and Zn between pH levels of 2-6 contrast with the range of
concentrations present between pH units 6 and 8, where the levels of dissolved metals
concentrations drop drastically, presumably due to their precipitation or adsorption onto Fe
oxides and mixing with the more dilute and oxic surface water. Constituents without clear
pH- dependent dissolved phase concentrations are Ca, Mg, Na, Sr, Ti, Cl, and NO3™-N, at
least for the pH ranges encountered in this study.

Interestingly, the behavior of dissolved As differs from that of the metals. At near
neutral pH levels, As is observed to occur in solution (Figure 21), as reflected in the
appearance of As in about half of the hyporheic zone water samples and in a few of the
near-stream groundwater samples. As previously mentioned, dissolved As was not found
above the detection limit of 0.07 mg/l in any of the floodplain piezometers sampled by Shay
[1997] nor in the surface water. Of the hyporheic zone samples with detectable As
concentrations, 88% had a pH between 6 and 7.  What may be occurring is that the
dissolved As captured in the samples had been in a chemical environment in which As is
neither stable as associated with sulfides (as it is in reduced environments) nor with iron
oxides (as it is in oxidized environments). The source for the As is likely the streambed
sediments in the hyporheic zone, which were found to have average concentrations of 433
ppm (stdev=75) in the <63 pm size fraction. Still, the bead columns show a very close
correlation of solid As and Fe in precipitation zones, which is what was expected based on
reports by other researchers |DeCarlo and Thomas, 1985; Rampe and Runnells, 1989;
Smith et al., 1992; Moore, 1994]. On all of the bead columns with measurable levels of
As, the concentration profiles along the columns exactly matched those of Fe. This
indicates that the As sorbs with iron oxyhydroxides in the hyporheic zone, where

conditions are oxic and neutral enough to foster the precipitation of iron oxyhydroxides and



As. Thus, the water and bead samples captured two different phases of As existing in the

hyporheic zone.
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Figure 21: Concentrations [mg/l] of elements versus pH levels. Note log scale. The
graphs include data from all the surface, ground, and hyporheic zone water samples, in
addition to 12 groundwater samples collected by Shay (1997).

Surface water infiltration versus groundwater upwelling:

The low dissolved S04%, NO3~-N, and O concentrations and the high alkalinity
levels in many of the hyporheic zone samples (Table 5) can be explained by microbial
reduction. Sulfate reduction occurs in less oxic environments than does NO3~ reduction
[Brock et al., 1994], meaning that SO4<- reduction will not occur before NO3~ reduction in

an increasingly reducing environment. This may suggest that SO4>- reducing bacteria and
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NOs3" reducing bacteria inhabit the Zones where surface water infiltrates the hyporheic zone

and supplies SO4--, NO3~, and O . The bacteria reduce the NO3~ and subsequently the
SO4- as well, where the conditions become increasingly more reducing with depth. In
their study of the hyporheic zone of Little L.ost Man Creek in California, Triska et al.
[1989] also attributed the non-conservative behavior on NO3™-N either to microbial uptake
or dissimilatory reduction. The relatively high alkalinity levels associated with most of
these samples can be attributed to the products of microbial respiration [ Brock et al., 1994].
These patterns are helpful in distinguishing between zones of surface water infiltration
versus groundwater upwelling. These samples with the low SO42-, NO3™-N, and O>
concentrations are interpreted as having been taken from zones of surface water infiltration.

Precipitation patterns on éome of the bead columns also aided in making the
distinction between areas where surface water was infiltrating into the hyporheic zone
versus where groundwater was upwelling. For example, bead columns with no

precipitation zones (Columns I1A-1, IIA-2, IIB-2, and I1C-2 (Figure 22) exhibited a steady
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Figure 22: Concentration of metals coatings on bead column IIC-2, an example of surface
water infiltration along the length of the column. Metals whose concentrations are not
shown were either below detection or did not exhibit any significant differences in
concentrations along the length of the column.
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decresing trend of metals concentrations with depth and were interpreted as having been in

zones of surface water infiltration. The concentrations of metals along the subsurface
portions of these bead columns decrease with depth presumably due to redox gradients and
dropping pH levels in the substrate, which will increasingly drive metals to go into
solution. The relatively small but detectable amounts of accumulation on the surface water
portions of the bead columns are thought to be products of redox reactions precipitating
metals in the oxic, neutral pH surface water. They also may be due to elevated metal algal
coatings on the beads.

Metal concentration trends along bead columns 1A-2, IB-1 (Figure 23),1C-3, II11A-
1, I11A-2, I11A-3, and 111C-3 are interpreted as being indicators of groundwater infiltration
into the stream. On these columns, Fe concentrations come to a maximum lower down
(1.e. deeper in the substrate) on the bead column than do metals such as Cu, Mn, and Zn.
These other metals were found to preéipitate out higher on the bead column, closer to the
surface water. As discussed earlier, this sequence follows redox patterns found by other
researchers in which Fe precipitates out more readily in conditions less oxic and alkalinity
than those required for the precipitation of metals such as Mn, Cu, and Zn. Such
conditions can be met with a greater proportion of neutral pH and more oxic surface water,
and it is thought that the proportion of surface water in the hyporheic zone grades upward
towards the surface water boundary. Thus, this sequence of metal concentrations can be
interpreted as having been formed as a result of groundwater recharging the surface water.
(It is possible that more bead columns exhibited this sequence of metals precipitation, but
the separation of beads columns into no less than 2 cm sections for purposes of analysis
was not on a small enough scale to detect the possible trends.)

On some of the bead columns (IA-2, IB-1, IB-3, IC-3, 111A-1, 11IB-3, and 111C-3),
Cu, Mn, and Zn have their maximum concentrations on the surface water portions of the

bead columns. These concentrations are significantly higher than the typical concentrations
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of these metals found on most of the other surface water beads. This implies that the

source for these metals must be in the upwelling groundwater and not in the surface water.
It shows that these metals may stay in solution throughout their migration through the
hyporheic zone and precipitate only once in the surface water.

The implication of these processes is that groundwater is upwelling into the creek in
" many areas, supplying dissolved As and metals to the stream sediments and water. Many
of the metals appear to precipitate right at the surface water - substrate boundary,
suggesting that the bed sediments are a sink for metals loading from the groundwater.
Blowes et al. [1991] reported the presence of 1-5 cm thick "hardpans" at the depth of |
active oxidation of sulfide-rich tailings, and attributed their formation to the precipitation of
iron hydroxide and oxyhydroxide minerals upon contact with porewater of iricreased pH.
The thickness of these precipitation zones and processes of their formation are analogous to
those found at the mixing zone at Silver Bow Creek. It is likely that hardpans do not form
at Silver Bow Creek because the precipitation occurs on unstable creek sediments, which

are continuously being transported downstream.

Spatial and temporal controls on mixing:

Asillustrated by the mixing ratios, there appear to exist highly variable distributions
of the degree of mixing on both spatial and temporal scales. The small scale heterogeneity
in the groundwater chemistry across the site is likely an important chemical control on the
variability of the hyporheic zone chemistry. A major physical control in the extent of
mixing is thought to be the general groundwater to surface water flow direction
relationships at the sites. This is seen at Site II, where surface water and groundwater flow
approximately parallel to each other, and the stream subsurface was more dominated by

surface water than at either of the other two sites. SitesI and III, where perpendicular



relationships between groundwater and surface water exist, showed much stronger
groundwater signatures in the chemistry of the water collected from their banks.

More complex spatial variability is seen in that the concentration of groundwater in
each hyporheic zone water sample usually did not decrease with increasing proximity to the
creek at Sites I and I1. This is in contrast with the findings of Triska et al. [1989], who
concluded that all well locations within 3.5 meters of the wetted channel at Little Lost Man
Creek contained at least 80% stream water. An example of this variability is at sample site
(IA-GW 3) below the center of the creek at Site I, which was found to consistently contain
proportions of groundwater similar to or higher than those found in the east bank samples.
The bead column which was set into the creek bottom a few centimeters away from the IA-
3 water tube was found to have a large mixing zone as suggested by the thick and long (at
least 30 cm) band of precipitation visible on the column. The solid and dissolved chemistry
collected at this location show that zones of high gfoundwater concentrations are found 0-
30 cm under the creek channel and not exclusively in the banks or at deeper levels below
the creek bed. The water sampling tubes in the center of the creek at the other 2 transects
(IB- and IC- GW3) at the site were set in slightly coarser-grained sediments and had
concentrations nearly identical to those in the surface water, and the mixing equatioﬂ
showed no groundwater component in these samples. In these places, the grain size is
largest and the sediments least consolidated, allowing for a less obstructed infiltration of
surface water. This exemplifies the amount of spatial variability found at the sites, as well
as the importance that small scale physical heterogeneities in the streambed sediments can
have in controlling the degree and depth of surface water - groundwater mixing. Such
physical controls by streambed topography and sediment size have been credited by other
researchers as controlling the extent of surface water - groundwater interaction as well

[Bencala, 1984; Savant et al., 1987, Thiobodeaux and Boyle, 1987; Valett et al., 1990;
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Harvey and Bencala, 1993; White, 1993; Pusch, 1996; Henry et al., 1984; Vervier et al.,

1992].

Physical factors may also complicate mixing within the banks. The sediments
within the floodplain of Silver Bow Creek contain complex layers of variably sized grains
due to the history of meandering and flooding of the creek. Thus, the mixing between
surface water and groundwater within the banks of the creek is thought to take place in a
series of complex settings which provide for variably sized and conductive flowpaths
through which the waters can travel and mix. Evidence for this is seen in that a few of the
bead columns exhibited two separate bands of precipitation (Figure 10) which are thought
to be a product of the small scale interfingering of the chemically distinct surface and
groundwaters. The importance of floodplain stratigraphy and permeability in controlling
the spatial distribution of the hyporheic zone has been noted by other researchers as well
|Stanford and Ward, 1993). For instance, Ward et al. [ 1994] contend that the abundance
of invertebrates residing within the Flathead River floodplain is largely determined by site-
specific geomorphic and hydrogeologic features, as opposed to mere distance from the
river channel.  Similarly, Triska et al.f [1993] reported that distance from the channel
accounted for only 40% of the variance in nominal travel time of a chloride‘ tracer injected
into Little Lost Man Creek in California. They credited the rest of the variance to the
complex flowpaths caused by heterogeneous structure, size, and hydraulic conductivity of
the floodplain sediments.

In some places, such small scale flowpaths appear to have a stronger control on the
mixing zone than do the general groundwater and surface water flow direction
relationships. This is seen in the downgradient west bank of Site I, where all the bead
columns (I1A-1, IB-1, and IC-1) emerged with zones of precipitation on them at the surface
water - substrate boundary, despite physical and chemical evidence from the water

suggesting that the creek is recharging this area. A reddish streak on the surface water
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portion of the bead column IC-1 was noted, and the precipitation sequence on IB-1 implies
that groundwater-rich water is infiltrating the surface water. Thus, groundwater flow may
be strongly controlled by small scale flowpaths that defy the larger-scale flow directions
and water with large groundwater compositions may be entering the creek along some
portions of the downgradient banks. This means that the surface water is not uniformly
dominating the chemistry in the west bank hyporheic zone, which was found by Benner et
al. [ 1995} to be comprised almost entirely of inflowing surface water up to about 1 min
depth. Instead, the mixing zone appears to vary in width on the scale of centimeters. In
some areas it may be a lot smaller and shallower than previously thought, with
groundwater located much closer to the creek than indicated in the previous study.
Temporal vanability in the Silver Bow Creek hyporheic zone is irregular as well.
The amount of groundwater in the shallow hyporheic zone generally did not decrease with
respect to increasing flow volumes in the creek. For example, transect IA was sampled
four times, during which the flow rate measured 1050, 1250, 2800 and 6100 I/s in the
creek. The amount of groundwater in the hyporheic zone was different at each location
during each flow event, (according to the mixing ratios) and the concentrations of non-
conservative elements changed as well. However, these changes did not form any
particular patterns with the flow volume in the creek. The percent of groundwater
calculated to be present at a rate of 6100 L/s was about 14%; at a rate of 2800 L/s, there
was 58%; during a rate of 1250., there was 66%, and finally, during rate of 1050 there was
30% (Figure 18). This indicates that during high flow events, the hyporheic zone is not
flushed out by the surface water, and mixing with groundwater continues. This is similar
to the findings of Harvey et al. [1996], who found that hyporheic exchange occurred
during both low and high base flow in St.Kevin Gulch, and in contrast to those of
Legrand-Marcq and Laudelot | 1985], who concluded that the influence of transient storage

mechanisms are greatest during low flow. The hyporheic zone in Silver Bow Creek
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appears to continue to play a significant and sometimes larger role in solute transport into
the creek during high flows, at least along certain portions of the creek. This process can
be explained by the close hydrologic connection between the groundwater and the creek.
Shay [1997] reported that rises in the water table of the adjacent aquifer brings larger
volumes of groundwater into contact with the tailings, and this process causes the upper 1
m of groundwater to become significantly more contaminated with metals. This more
highly contaminated and higher elevation groundwater is thought to continue to interact
with the creek during the high flow events, causing the continued-- and in places, more

extensive-- contamination of hyporheic zone.

Groundwater _impacts on the surface water:

If dilution were the only control on the change in surface water chemistry with flow
rate, the expected concentration change of conservative elements would be the same as the
change in flow rate (a 7.5-fold change over the course of the study period). If the same
sources and sinks were working on the system during all flow rate episodes in the creek,
then no.change in concentration would be observed. Transition metals (e.g. Fe, Cu, and
Zn) generally do not have a well defined relationship with discharge, due to the various
chemical, physical, and biological factors in the stream that may influence their
concentrations at a given time (Forstner and Wittmann, 1979; Wetherbee and Kimball,
1991.) However, conservative elements should not be impacted by chemical changes in
the stream. Yet, the concentrations of conservative elements increased by 150% and 170%
for Ca and Mg, respectively, when flow rate was only 13% of the highest flow measured
(Table 7). This suggests that dilution is not the only control on the surface water
chemistry during high flow events and that there exists a source which contributes to the

changing chemistry with flow rate.
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Thus, this portion of Silver Bow Creek is not a losing reach, rather it was gaining

dissolved Ca and Mg from some source, assumed to be the groundwater. Surface runoff
was not observed on any surface water sampling dates, and thus it is assumed that direct
floodplain runoff during the sampling period makes up only a small to insignificant portion
of the source. Calculations of baseflow estimates, based on Ca and Mg concentrations,
were made using the assumption that Ca and Mg behave conservatively and are of
consistent concentrations in the groundwater within the entire site area and the upstream
portions of the Silver Bow Creek system.

Estimates of the groundwater component (baseflow) in the surface water were made

using the following mixing equation:

%GW=|[LF|]-|HF)/|GW]-[HF] * 100

where

% GW= percent groundwater (baseflow) during low flow

[LF| = concentration of conservative element in surface water during
low flow, when highest concentration was found

| HF|=concentration of conservative element in surface water during
high flow, when lowest concentration was found

[GW = average concentration of conservative element in groundwater
(Ca=175mg/l, Mg=43 mg/l; Na = 65 mg/l; from Shay [1997])

As a conservative lower range estimate, the amount of Ca in the surface water high flow
(35 mg/l) is assumed to not be of groundwater origin at all; thus, the equation yields 16%
as a low-end estimate for the percent of groundwater in the surface water during low flow.
Using Mg, the same percentage is found. For the high-end estimate, it is assumed that all
the Ca and Mg come from the groundwater alone, and thus [HF[=0. In this case, the
estimated percent groundwater in the surface water is calculated to be 33% according to Ca,
and 30% according to Mg. Na concentrations show slightly higher percentages of

baseflow, with 23% for the low end estimate and 43% for the high end estimate.
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Due to the extent of contamination of the groundwater, this amount of loading into

the surface water likely accounts for a significant amount of.the contamination in the water

and sediment of Silver Bow Creek.



CONCLUSIONS

The quality of water in the hyporheic zone is impacted by the groundwater to a
significant extent in many portions of the study area at Silver Bow Creek. High
concentrations of metals were present during both low and high flows in this shallow
subsurface periphery of the streambed. According to conservative element mixing
calculations, half of the hyporheic zone samples (<30 cm below the creek bed) were
composed of at least 20% groundwater. Many of the metals remained in their dissolved
phases throughout the hyporheic zone and precipitated only once in the surface water or
just afew centimeters below. The precipitation reactions appeared to be most strongly
controlled by changes in pH. In some cases, Fe and associated elements were found to
precipitate out deepér in the substrate than other more mobile metals such as Cu, Mn, and
Zn, suggesting that groundwater is moving into the more neutral and oxic creek.

The heterogeneity of the subsurface water chemistry and the differencesin
precipitation on the beads illustrate the need for very detailed sampling in order to capture
the small-scale flowpaths which appear to regulate the nature and magnitude of surface
water and groundwater mixing. Sampling of a small area during a limited time cannot be
used to adequately represent the entire system. Variations in local groundwater metal
concentrations need to be considered as well as the physical controls on the extent of
mixing between the surface water and the groundwater. In some locations, groundwater
appears to infiltrate the creek even from downgradient locations. This indicates that small
scale flowpaths on the scale of centimeters may have stronger controls on groundwater
interaction with the hyporheic zone and surface water despite the larger scale flow paths in
the adjacent alluvial aquifer.

Thus, the mixing of the groundwater with the surface water takes place in a series

of complex physical settings which create a chemically heterogeneous hyporheic zone
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underlying and lateral to the creek bed. The product of the interaction is a transfer of metals
into various depths of the hyporheic zone and into the stream channel, primarily into the
solid phase. This precipitation of groundwater-borne metals onto stream and hyporheic
zone sediments appears to be a constant source of pollution to the creek and must be
recognized in remediation designs. In addition, the geochemical environment in the
hyporheic zone creates a area in which As was found to be present in solution, although it
is not found in solution in either the surface water or groundwater. Therefore, the
hyporheic zone is a spatially and temporally heterogeneous, geochemically distinct
environment in which metals and arsenic undergo chemical transformations which
significantly control contaminant cycling between surface water and groundwater in the

Silver Bow Creek hydrologic system.
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Water levels at each site (Piezometers and staff gauges)

SITE 1 (measurements in meters above sea level)
IDATE Topof casing 5995 51153935 522/95 5130195 6i12195 620195 6:23/95 6/28/95  7/6/95 7:/12/95
P-44 (E bank) 1602.952 1602.038 1602.075 1601.986 1601.895 1602.151 1602.038  1602.007 1601.953 1602.050
IStaff Gaugel 1603.083
P-38 (W bank) 1602.587 1601.916 1601998 1601.895 1601.806 1602.081 1601.947 1601916 1601.855 1601.767
RLis in creek 5437 5465 5295 4701 8297 6088 5295 4842 2888 5465
P38inSBC
DATE 7:19/95 8:15:95 82495 82795 83195 9:27/95 10:1/95 1020195  11:3/95 11.- 495
P-44 1601910 1601.669 1601.709 1601.697
Staff Gauge 1 1601.901 1601.663 1601.663 1601.657. 1601.642 1601.666 1601.706 1601.706 1601.703 1601.383
P-38 1601.843 1601.617 1601.593 1601.581 1601.569 ' 1601.596 1601611 1601.587 1601.581
L/s in creek 2803 1218 1048 793 1246 2577 2747 2605 - 2662
[,
SITE I
DATE Top of casing  7/6/95 7/12/95 8/15/95 8/24/95 8i31/95 9/495 1012095  11/3/95 11/4/95
D-18 (S bank) 1603.278 1602.815 1602.980 1602.657 1602.654 1602.635 1602.687 1602.678 1602.675
Staff Gauge 8 1603.617 1602.675 1602.660 1602.648 1602.648  1602.699 1602.687 1602.702
D-19 (N bank) 1603.778 1602.882 1602666 1602718 1602.693 1602.693
lys in creek 2888 5465 1218 1048 793 793 2747 2605 2662
hsm«: m
DATE Top of casing  7/11/95 7112:93 8/15/95 8124/95 812895 813195 10120/95  11/3/95 11/4/95
ID-30 (W bank) 1604.269 1603.714 1603.708 1603397 1603.388 1603.379 1603.379 1603440 1603419 1603.422
Staff gauge 10 1604.391 1603385 1603.361 1603.355 1603355 1603413 1603.397 1603.391
HD-SI (E bank) 1604357 1603.742 1603.400 1603.397 1603388  1603.452 1603.437 1603.431
/s in creek 5182 5465 1218 1048 793 2747 2605 2662
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ICAPES data from water sample analysis on 9/25/95
Sample  _  |Sample Analysis |Analysis |
Name Date Date Time Al As Cd Co Cr Cu Fe Mg Mn Mo Na Ni P Pb Si Sr Ti Zn
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P [831/95 |92595 1439 [006 |-0.013 {52 |0.003 (00002 [-0.0009 |0.1746 |0.189 (114 [1.112_ [00028 277 0002 017 [0008 [124 102905 |-0002 |1.138
MC-SWILDUP _|8/31/95 192595 [14:42 _ |007 |-0.005 [53.3 _|0.0042 |0.0007 [0.0011 [0.1777_[0.184 {115  |1.132 |0.0034 {279 |00 |0.18 0005 {126 [02952 |-0.002 |1.114
HA-GW2 831195 |912595 1445  |006_]0.214 _|766 00004 [0.0015 (00204 00153 |21.5 105 ., [7.788 |0.0356 [268 0002 |028 [0004 |203 04504 |-0.001 |0.1661
81A-GW3  |831/95 (9/25/95 1447|005 |0.015 (484 00003 |-0.0012 |-00061 |00439 (0999 |107  [0.9367 |0.0046 [27.5 [0.001 [0.16 |-0001 {13  |0.2841  |-0.002 |03736
S1A-GW4 __ |831/95 [9/2595 (1450 1006 0136 _|61.2 |-4E-04 |0.0019_ 00214 |0007 [463 113  |6033_ 0067 [27 |0002 |12 0003 [185 |04374  |#4####|0.1156
SUB-GW3 _ [o495 |92595 1453|006 |0 529 [00021 |00003 [-0.0018 [0.1136 015  [11.7 _ |07139 00017 [28 {0001 [0.17 |-0.004 127 |0.3004 _ |-0.002 [0.567
S1UB-GW1 _ |9495 [92595 |14:56 005 |0014 [546 [0003_ |-00002 |-0.0031 "[0.1171 [0.17 |12 1057 __|0.0019 |287 o001 016 [-0014 [128 [03142 |-0.002 {1.078
SUB-GW2 _ [9i4195 (912595 145 1009 10724 (545 |-3E-04 (00019 [0.0099 0039 153 117 [3.95¢ 00297 |27.7 [0002 [0.16 [0001 |124 03628 |0.002 04714
BUB-GW4  [9i4/95 |9/25/95 [15:02  |005 [006 |686 [-1E-04 00005 |0.0197 (00063 [379 [138  |SBSB 00546 (332 [0.003 |031 0001 162 |04894  [##ex##[0.243
__ . |831/95 lor2s9s 1504|006 [0019 [486 [0.0001 |0 -00042 (00446 |1 107 |09408 [0.0025 [27.6 |-0.002 |0.17 {0017 |13.1 [02841  |-0.002 [0.3754
_|oiamws |9 : |0005_[543 (00042 [0.0015 [0.0021 02212 [0.565 [119 0944 (00029 [284 |0.001 [025 [-0004 133 03102 ]0.004 [1.235
o - - 006! _|S3 _ |-SE-04 |0.0003 [0.0047 (00125 [363 [117 3157 [0009 (29  |0001 |098 |-0.009 [139 (03034  |-0.002 |0.0642
BIIC-GW3 9125/9S _ -0.012 |104 00089 |0.0355 |00214  [0.1996 [166 |24 6738 |0.0248 [S6.1 {0022 0.5 [0.001_ 153 [08486  |-0.002 [13.74
S11A-SWI DUP 912595 |1 012_|-0015 {54 |0.0035 |0 0003  [0.1658 |0401_[11.7  [1.099 00025 [279 |0 0.18 |-0013_|128 03005 |0.004 [0.7452
8-11A-SWIDUP [831/95 [92595 (1518 011 [0009 {$3.2  [00037 |0.0007 [0.0023 [0.1641 [0395 [11.5  [1.084 |oom2 (276 |o 0.18 |-0019 [126 {02968  [0.004 |0.7352
BINC-GW4  [831/95 (92595 11521 008 10242 648 0001 _ [00103_[00268 [0.0425 228 (145 [1015 00463 [31.5 [0.004 [0.26 |0 147 (04184 |##kn##|0.4874
RINC-GWS _ |831/95 [92595 (15 005 10392 |636 |-4E-04 [0023 100545 [00118 381 (121 188 00634 [325 [0002 Jo.12 [-0014 206 [038 1175
SC-GW2  |831/95 [9125/95 [1527 | 007 10459 |154 |0.0006 |0.0046 [0.0764 00111 |899 404  |20.14 01353 [130 [0 19 o021 262 [1217  [5E-04 00929
9i4/95 19/2595 [1530 126 [032 176  |0.0029 |00033 00366 |1.035 [684 |143 19626 (0096 325 0002 |074 (0462 [194 06133  |0.119 |0.8309
831/95 [9/2595 [15:37 012 0008 1535 |00037 |0.0009 |-00019 |0.1665 {0406 |11.7 {1.092 [0.0021 282 |0001 016 [-0.003 {127 [030] 0004 10742
UsGsTior | 912595 [1540 1025 |-0.002 {122 |00166 |00118 |0.0057 |0.0272 10056 205  |0.0497 [00118 |23.4 0033 |0.12 [0005 {398 |00601 _|-0.002 |0.0833
USGS T117 92595 1543 012 |-0.002|221 [0.0025 |0.0039 |00079 J0.0021 (0506 [996 [0.2342 [0.0085 223 0008 [031 {0002 [602 02612 |#a#wat[0.1956
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June/July 1995 Laboratory duplicates (water samples); Calculations worksheet

“xtpuaddy

Lab Dupl Lab Dupl. Lab Dupt. Lab Dupl. Lab Dupl. Lab Dupi. Lab Dupl.

Sample Name 1HASWI [1A-8WI  &CHG [I1IASWIT 1IASWII %CHG |IHIA-GW4 [IIA-GW4 RCHG |IB-SWIIl 1B-SWIlI BCHG [IA-GWS [A-GWS SRCHG [IASWIT 1ASWIT %CHG [IASWII 1ASWIT %ClIG
Sample Date 76195 76195 - |76ei95 16/95

Analysis Date  7/23/95 123/95 TAI9S 2495 24095 24495 7124195 7124/95 TI2A98 712495 7124095 2498 7124/95 72498
Analyds Thne 1614 16.23 - 19:17 1934 17:20 14:21 1426 17:52 19:37 14:30 15:19 16:09 16:53

Al BDL BDL BDL 0065 0.091 BDL 0.327 0276 16915 0.08 0.069 14765 |206 199 3487 0.059 0.063 BDL IO,D'IS 0079 BDI.
As BDL BDL BDL 0015 0009 BDL 0 26 0259 0385 0.028 0013 BDL 0112 0.097 14354 0011 0016 BDL 0014 0.007 BDL
Ca 429 42s 0.937 41.9 418 0.239 154 158 2,56‘7 45.1 454 0.663 853 844 1.061 45 459 1.980 46 4 466 0430
Cd BDL BDL BDL 00019 00026 BDL 0.001 0001 BOL 0.0025 0.0026 BDL 00076 00076 BDL 0.0026 00028 BDL 0.0024 0.0027 BDL
Co BDL BDL BDL. 0 0007 0 BDL 00045 0.0053 BDL 0.0021 0.0006 8DL 00548 00548 0 -0.0001 0.001 BDLL 0 0004 0001 BDI.
Cw 00905 0.0898 o7 01124 01117 0625 01377 01356 1.537 0.1243 01433 14.200 00042 -00042 BDL 10.1299 01313 1.072 01342 01363 1553
Fe 026 0255 1.942 0.223 0234 4814 17 21 3361 0276 0299 8 125 124 0803 0 163 0.173 5952 0172 0172 0
Mg 904 901 0332 87 812 7011 363 379 4313 9 66 972 0619 231 23 3524 9 66 9.66 0 968 96 0810
Ma 0.6746 0 6696 0744 06537 06566 02% 1504 1539 2300 0 8058 08665 7259 2107 2089 0RS8 0.8158 08352 2380 038438 08s 0732
Mo BDL. BDL BDL 0.007 00042 BDL 01742 0.1823 4544 0.007 0.0074 BODL. 01764 01743 1198 00049 00064 -~ BDL 00072 060061 BDL.
Na 191 19 0525 19 92 1.047 IsLs 827 1462 203 209 2913 651 645 0926 207 21 1439 2LS 2Ls [1]

N1 BDL BI'L BDL 0 -0.003 BDL 0007 0004 BDL 0 0.003 BDL 0 062 0062 L] 0 001 0002 BDI. 0.002 0004 BDIL
Pb BDL. BDL BDL 0 002 0.005 BDL 0 064 0074 BDL 0.014 . 0017 BDL 0.055 0035 BDIL. 0.012 oors BDL. 0.008 0013 BDL.
Sl .27 1.26 0791 124 121 2449 236 241 2096 135 137 1471 44 432 1835 135 137 147 138 118 0
8r 0229 02284 0262 [02264 02211 2369 1381 1481 358 . 102493 0.2498 0.200 03891 03823 1763 0 2489 02528 1.555 02558 02851 027
T BDL BDL BDL 0001 0.0013 BDL 00156 00125 22054 0002 0.002 BDL 00012 00016 BDL 00013 0002 BDL 0001 00013  BDL
_l_n 0.4606 0 4587 0413 0 6_2; 0.6042 2.581 0.228 O.EL I&S 066]2 0!‘3:“ 23.262 26.9 26.34 2.104 0.7249 0 7358 1.492 07418 0.7403 0.202

Lab Dupl Lab Dupl.  Lab Dupl. LabDupl.  Lab Dupl. LabDupl.  Lab Dupl. Lab Dupl. 1ab Dupl

Sample Name 1ASWII 1ASWII  %CHG [IASWI1 1ASWI1 %CHG HASWIl  1ASWI %CHG [IA-8WI  1ASW] 1A-SW] %CHG %CHG [HIB-GW1 IIIB-GWI %CHG [IlIIB-SWI 1IB-SWI  %ClG

Sampie Date
[Analysts Date  7/24/95 72495 12495 T124/95 72495 12498 724/98 23195 7123195 24195 2495 7124195 723198

Analysis Time _ 16:09 16:53 17:40 18:24 19:05 19:40 19:14 17:10 16:17 19:23 1527 19.29 16:55

Al _0om 0079 BDL 0.084 0.084 0 0091 0.088 3352 0081 0.052 0.042 BDL BDL 013 0.107 19.409 0.106 0057 BDI.

As 0014 0007 BDL ool 0016 BDL - 0011 0007 BDL 0006 002 0016 BDL BDL 0228 0.229 0438 0018 0008 BDI.

Ca 464 466 0430 [451 452 0221 45.7 454 0659 46 4 46.7 46.3 0860 0216 174 173 0576 EH] 455 1108

Cd 0.0024 00027 BDL 0.003 0003 BDL 0.0026 00027 BDL 0 0027 0.0032 0.0036 BDL BDL -0.0002 00009 BDL ho 0029 00031 BDL,

Co 00004 0.001 8DL -0.0004 0.0007 BDL 00001 00013 BDL 0 00008 00009 BDL BDI. 0.0061 0.0052 BDL. 0 0.0003 BDA.

Cu 01342 01363 1.583 01306 01313 0.535 01335 01313 1.662 0 1261 01322 01309 0988 3mns 0 006 00049 BDL 01177 01233 4647

Fe 0172 0172 o 0169 0177 4624 0186 o187 0536 0 201 0193 0195 ~ 1031 3030 115 12 2643 0312 03 3922

Mg 968 96 0830 9.22 912 1.091 919 9.07 1314 9.31 101 101 0 8.140 42.1 1 4640 904 988 887V

Mn 08438 08s 0732 08221 08235 0170 - 0 8346 08308 0456 08237 08344 08184 1696 0645 9415 9334 0864 0 R348 08428 0954

Mo 00072 00061 BDL. 00057 00059 BDL 00056 00034 BOL 0.0053 00058 0.0067 BDL BDL. 01713 01672 2422 0 0059 00079 noL

Na 215 215 [} 209 21 0477 213 201 0943 214 214 211 1412 1412 159 155 25% 201 204 148)

NI 0002 0004 BDL 0001 0004 BDL 0003 0003 BDL 0.003 0.004 -0001 BDL BDL 0003 0.004 BDI. 0 001 0007 nol.

Pb -0 008 0013 BDL. 0003 0002 BDL -0.004 0.004 BDL -0.004 -0.004 0012 BDhL BDL 0023 0.018 BOL 0.007 0009 BDI.

sl 138 138 3] 133 133 o 134 133 0749 1.36 143 1.41 1408 3610 222 225 1.342 136 143 5018

Sr 02558 02551 0274 02457 02456 0.041 0.2481 02453 1.135 0.2518 0259 0.2554 1400 1420 126 .27 0.869 02467 02564 385

mn 0.001 00013 BDL 00016 0.0016 BDL 00013 0.002 BDL 0.002 -0.001 00008 BDL BDL 0 0095 00097 2083 0 0044 00008 BDL.

n 0.7418 0 7403 0202 0.7161 0.7145 %24 07214 07144 0975 '0,7128 0.7‘}(—' 07346 0854 3012 01914 0.1942 li& 0.6469 06757 4 36

9L



Aug/Sept1995 Laboratory duplicntes (water ples): Calcul worksheet .
Lab Dupl. Lab Dupi. Lab Dupl Lab Dupl Lab Dupt Lab Dupl Lab Dupt. Lab Dupl. LabDupt  Lab Dapl

SemploName  A-SWI IA-SWI BCHG [IA-SWI)  IA-SWII %CUG[1IB-BWI IIB-SWI  %CHG|IIC-SWE IIIC-SWI  %CHG |IICSWII ITICEWH  SCHG [MA-GW3  LIAGW) %CHG [IIABWI HA-SWI  BCHG [IA-SW] IA-SWI (UG [IA-SWI  IASWI  %CHG

SumpleData 912795 911798 WIS 91798 9495 9493 83095 83198 ;I8 M 3198 83193 1495 82493 82495 82498

Amaipeis Dole 912393 912595 92595 92593

| Analysis Time e 1504 isls_ 1518

Al 0022 00M BDL [00l8 o002l BDL [00s 00st  BOL 0057  o07 sDL  foos3 0.063 BOL  [oos3 006l BDL [ons . o1l 444 oo oo BDL [0022 0019 BDL

As 0006 0008 BDL 001 4003  BDL [0004 0004  BDL |0008 00)S  BDL (0009 0005 BOL  |oois 0019  BDL [0015 0009  BDL [o00s 0007 BDL (0006  0ve9  BOL

Cu $3 0 %9 0% |39 %5 0705 311 Ve 0wy |n 531 2093 sz 33 078|484 C T YTT I £ 52 1493 (558 & 2128 |88 43 128

cd 00034 o0cots BDL [00039 0004 BDL [owo?29 00027 BDL (00041 0003 ADL {00036 00042 BOL (00003 00001 BDL looms 00037  BDL 00024 00023 BDL Jooe2s  wo02s  BOL

Co 00007 -0.0022 BDL 0.0003 40007  BDL 00012 -0.0002 8DL j0.00N3 0 0008 aDL 0.0013 0.0007 BDL 0.0012 [ BDL 0 00007 8DL. 0.0002 o 8Di. Q0003 00003 apt.

[=% 01788 c01785 o168 [o18m  o1ss2 06w [olsie  o0as  osel |oam2  eam 2190 fors oam 0225 o049 0046 1532 [o1es8  oledt 1031 [ol6l6  016S? 2508 Jolgle  nisle 188

Fe 0047 00s) 816 o011 0183 1316 {0072 0.071 1399 {01y 01 2083 (o1 o184 0.545 0999 1 Q100 0.401 0393 1508 (o1 o103 29% 011 0103 6513

Mg 12.6 s o 123 126 o197 {12 1ns 1681 {14 1ne 1139 16 13 0.866 w07 10.7 o nr s 1m4 123 [PA) 1587 124 122 1626

Ma 1326 1818 0608|1324 109 o™ [In41 1o o771 Lies 132 2143 1126 1132 [X T 7] 09408 047 low  1usd L34 |11 Lie4 1996 {118 10 1441

Mo 00054 000H BOL 00053 00063 BDL [00016 00037 BDI. {00026 00003  BDL 00022  0.0034 BDL o004 00023 BDL  [00028 00012 BDL [00033 0006 (BOL [00047  000%  BOL

Na w1 31 0 w9 24 7S |y w2 0Im (14 8 2166 |2 79 100 |23 e 08 |19 76 181 |26 %3 108 237 33 [ ]]

N 0002 0002 BB o 0003  BDL |ooor  ocor  BDL fo ooz BDL o 0003 8Dl |ooo) 0002 BDL 0 0 BDOL Jooos  ooo1 BDL  [oool 0002 BL

133 0004 0016 BDL ooy  eor  BDL [0027 o BDL [0017 o017  BDL {0002 0005 BDL | n001 0017 B ooy .cois  BDL joms oois BpL  fuon oole B

o 156 154 190 153 154 oen 123 ns o 13 13 163 |1ze 126 0 3 151 o0ve6 (128 126 1515 177 119 a3y |i2e 124 16

3 03303 0323 vy [0325 03304 0425 [031l4 03089 0806 |ovm  o029% 192 [02%s 02952 o [oz4 (XTI} 03003 0298 1239 o032 03106 2411 Jo3 02962 1218

ul 00039 00035 BDL 00033 00033 BODL {0002 002 BDL |oooz 0oz  BDL |.00m 0002 BDL | noo2 00020 BOL Joooss oces  BDL [ooor1 000l BDL 0004 00018 BDL

) 1203 118e 1392 Judes 4293 hisy fosss 04519 oest |1ive  uise  1en Juios L4 0450 03736 o413 o fors2 oms2 1331 fo795r  osie? 251 Jodis  o7es 0748

Compilation of all laboratory duplicates (water samples) STATISTICY

SUNARLSS |Avaesepes MEAN STAND. MEAN¢  SOF STD. 95% CONF.
BCHG BCNG_BCHG SN 40NG  SCHG RCHG _SOHG _ BCHG BOHG  TCIG_ SCHG_%CHG __SCHG __ %CHG _ACHG 2010 %CHG_3AIG _%CHG__ %CHG_ %06 DEV. STDEV__DATA __ ERROR _OF MEAN

N 1097 MTT 34 789 000 338 1941 4 [ 73 16.0 ] 03 106

As 039 M3 ] 51 80 1] 3 27 103
jca 094 024 236 066 16 198 04 022 06 086 022 [ RN 070 071 0m 19 015 o4l 149 23 18 10 01 17 n 00 1]
[Cd [

Ca 000 00 1 00 X
Cu 078 062 14 1420 107188 033 166 099 374 46 o 06 046 7 0y 1S 10 231 1 2 31 32 0 02 24
Fe 194 481 336 800 0g0 535 000 46 0s4 103 30 264 39 [ 132 14 208 084 0l 151 2% 657 30 23 54 n o1 32
Mg 033 701 431 082 352 0w oD 109 131 000 814 464 3B 0.0 [ JY) 14 0w 000 112 1% 168 23 26 S0 n o1 26
M 074 029 230 726 o8 235 om o o4 170 06s 086 095 01 03 om 24 033 o 137 200 1413 18 13 n 01 18
Mo 434 120 242 27 17 44 3 06 s
INe 032 103 1w 29 093 144 000 [ 2 I T VR R 141 235 148 000 172 038 3 107 03 108 1% o1 12 1] 20 2 00 13
N 000 00 1 00 00
Ld 0

K] 079 248 210 L7 18 147 000 0.00 07s L4 36l 134 502 129 0.65 0.00 Lol 000 e 157 1356 160 4 12 26 22 ol LS
s 02 237 3% 020 176 138 o 0.04 Ly 140 L4 ow 3% , op 042 03l 198 o4 00 124 ERTRS Y " 23 n 00 13
m 206 200 [EX TR TR U X} 2 7 29
L= 041 258 151 232 210 149 020 0 098 o8 301 14 436 L3 Lis__ 068 192 045 048 13 130078 24 48 12 2 92 23
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June/July 1995 Fleld duplicates (water samples): Calculations worksheet

Field Dupl. Lab Dupl Lsb Dupl.  AVG.  Field Dupl AVG Field Dupi Field Dupt

Semple Name ICOW1 ICGW22) SCHG IASW1 1ASWI 1A-SWI IASWI  JASWI(2) SCHO 1A-SW)) 1A-SWII(3) SCHG 1IBGWI BGWI(2) %CHO

{Sample Date 62895 672895 1949 H1909 11995 TS (of tab 71955 38538 33424

Asalyshy Date 1585 71595 112495 m3Is 7M3R5 M358 dupl 3) 12495 12455 172495

Anahyvis Time 1107 11.10 1914 1710 16.17 16:46 1355 15:41 18:56

Al 0.038 0026 3750 BDL j0.081 0052 0042 00583 0.05) 1341 BDL 00728 0058 263 BDL 0067 0.063 61 DL
A3 o1} 0108 1849 0 006 0o 00ls 0014 0012 “ad BDL 00128 oois 15.83 BDL 0.04 0039 15 BDL
Ca 448 4“8 693 46.4 46.7 453 46.467 464 0.14 45.64 457 013 42.6 431 ur

Cd 00013 0 200 BDI. {00027 0.0032 00036 0.0032 0.0034 wm BDL 000281 0003 654 BDL 0.0042 0.005t 1935 BDhL
Co 00015 00012 7027 BDL {0 00008 00009 0.0006 00009 4545 BDL 0.00067 -0.0006 3628 57 BDL 00018 0.001 5714 BDI.
e 00059 00015 1y BDL 01261 0132 01309 01297 Q262 . 226 0.13301 01352 1.63 01335 01454 853

e 29 254 1324 0201 0193 0195 01963 0148 30.08 0 1808 0245 3032 0.741 0.663 nit

Mg a8 809 s4 931 101 104 9.8367 104 264 9447 988 406 848 824 287

Ma 4206 3966 587 08237 08324 081384 08148 08157 on 0 83076 082S oas 0 9934 09379 575

Mo 00472 0042 11.66 00053 00058 00067 0.0059 00056 s BDL 000577 00058 052 8Dl 00072 0004 5714 BDI.
Na 186 18 328 214 214 211 13 216 140 2108 208 134 19.1 194 156

N 0.003 0003 000 BDL |0003 0004 0001 0002 0.006 100.00 BOL 00027 0 200.00 BDL 0.002 0001 600 00 BDL.
P 0009 0003 100 BDL [-0.004 -0 004 0012 -0 007 001 4000 8oL 10003t 09003 1220000 BDL 0017 0.003 140 00 BDL.
ISl 187 17 437 1.36 143 [B1} 14 141 on 1357 138 1.68 126 124 160

Se 0273 02449 1085 02518 0259 02554 02554 02598 (4] 025004 0253 (W] 02233 02234 004

Ti 00014 00018 2500 BDL 0002 -0.00% 0.0003 0000 -0.0026 21053 BDL 000132 0002 409 BDL 0 002 00012 5000 BDL.
Za 00381 00415 854 0 7346 0.7346 0.7043 42t 072945 074% 246 08734 1069 20 14

*D.O. 14 28 6667 7 6 48

pH 67 682 133 758 158 0.00

Cand 0425 0443 415 0402

Ak 164 218 3265 144 176 20.00

1 11 689 12264 480

NO3 N 015 0335 7619 DL 1.098 1.136 340

PO4 P L] 0195 20000 BDL

19.179 30548 45.73 L)m 72 688 002
Field Dupl Field Dupl .

Sempic Name 1HAGW2 J1]AGW2{2) %CHO NASWII HASWINR) SCHO NIA-GW1 IIIA-GW)Q) SCHG {IIBOW3 [IBGW32) %SCHG

Sample Date 711095 711095 116895 16895 711096 21096 i8S nens

Analyxis Dete 24595 772495 12488 72485 12493 7124193 12483 2495

Asabyis Time 16.50 06937 14:40 14:47 15:32 15:37

Al 0.143 0129 1029 0057 0.055 is? BDL

As 009 0097 749 0.012 oo 000 BDL

Ca 173 t70 175 41.8 47 024

Cd 00009 00009 000 BDL [0 002t 0.0019 1000 BDL

Co 00357 80534 412 0.0004 00012 100.00 BDL

Cs -0 007 -0.0077 -952 BDL |0 1061 00913 1499

Fe 574 598 410 0302 0.176 2n

Mg 374 3 108 LRe] 868 057

Ma 1039 1033 0s8 0.6948 06948 000

Mo 00852 00923 683 0 0064 0.0056 1333 BDL

Na 1n2 m 090 19 189 053

N 0.026 o023 1224 0.002 0001 6667 BDL

Pt 0003 0024 15536 BDL {0009 0ols 5000 BDL

Si 198 198 000 L2 m 0.82

S 1667 1683 08 0 2244 02239 022

Ti 00021 00015 3333  BDL [0.001 0.001 000 BOL

Zn 1489 145 2165 05747 05249 906

DO.

pH

Coad

ALK

1 n% 73.76 168 1389 1195 15.02

NO3I-N 8DL BDL 0.262 0.408 4288

PO4 I* BDL BDL
EO‘ l%li 1100 3.24 23334 176.7 27.63

xipuaddy
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Aug/Sept 1995 Fleld duplicates (water ples): Calcuations worksheet
Vield Dupl. Field Dupl Field Dupl. Field Dupt. Field Dupl. Field Dupl.

Sample Name  [B-GWS  1B-GWSQZ) %CHQIASWIIK2) 1A-SWIII %CHG|IA-GW3 1AGW3Z) BCHG|IAGWS GWA2) %CRG |IIASWIlI BASWIIQ) %CHG MXing M.Xieg2) %CHG
Sample Date 82795  B27/9S 82495 82495 82495 82495 82495 B2A95 83195  8PI9S 11398 1173195
Aunbysls Dnte 8309 830:% 8309 830% 2309 8309 8309 _ 830:9
Al 25 154 4755|0028 0023 BOL |104 96 1688 |238 om 0.062 BDL 0.006 00ls BOL
™ oms 012 % e 0 BOL (0005 0014 BDL [0.069 0 0006 BDL 0.001 0016 BDL
Ca 124 1B 0810 |53 552 0181 i m [} 108 34 539 0932 s41 545 077
cd 0018 00176 §515 100032 00031  BDL 01165  0.1406 18748 |BDL 00021 000I$ BDL 0008 00027 BDL
Ce 005 00529 5637 100006 00005 BDL [00452 00432 4525 (00526 00007 0 BDL 00002 00024 BOL
Ca 00101 00057 BDL. 01455 017% 21088 [2833 676 8120 o141 0139 01 31636 00874 00867 0804
Fe 319 32 2219 [oog? ove  9m6 [932 o1 ‘4498 |146 0168 ons 38298 00s) 0044 14737
Mg 37 376 1609 124 123 0810 [299 299 0 308 ns 1 084 124 122 1626
Ma 676 2721 1668|1117 1163 ams [20s2 20» 148 [2537 1069 Lam 0746 0863 ou7s 1152
Me 0447 08 2022 [o007 00068  BDL (01296 01238 4578 |020% 00017  700EO04 8D 000% 00061 BDL.
Na 818 847 343 |2s6 2 1550 {657 658 o152 {n7 21 85 1413 M6 243 1227
NI 0052 o0 16667 {0004 0001 BDL {0044 045 2247 [o0s8 0.008 0002 BDL 0001 0001 BDI.
m 0057 004l 32658 | 0006 ool Bol. [0367 0w of14 |8DL o000 0013 8oL ool 000 BDL
si 362 366 109 1% 126 0 33 328 1527 Jao 126 126 0 138 137 o7
sr 04846 04837 olss |03015 03 0499 |04 o3 0055 [0.463 03025 0308 1085 03838 0m4 0176
n 00016 00019 BDL {00008 00011 BDL |00013 000S4  BDL [BDL 002 -0002 BDI, 00035 00035 BDL
In 9933 107 7528 [06584 1 4019 [1665 1702 274 2117 05414  03R2 35494 09635 08538 11840
pH 535 538 0559 |68s 664 2967 [44s 439 1357 (398 409 2m6 |816 819 0367 m 112 [
Joo. 27 4 38806 |73 7 419 {17 21 2108 |46 4s 2198 83 75 75 0
Cond. 195 1.94 0514 {0489 0492 0612 {136 135 o7 1w 16 9357|0504 osn 1379 0501 0482 3866
AR 36 36 0000 {192 148 258% NA NA NA NA 124 18 3175 mn 15 12346
5] 9033 28816 0750 {16908 172124 1269 |19501 19697 Looo 2217 175 178 1700 1522 1528 0393
NO3N BDL BDL BoL 1673 1615 3528 [BDL  BDL BDL |(BDL 168 174 3509 1401 1.469 479
PO4P 0s 08 954 |BDL 8DL BOL |BDL BOL BDL (BDL
|5°‘ 125703 177641 1530 {972 942 3135 [8201 821 0971|1802 1027 1046 1.833 8586 8693 1238
Compllation of all fleld duplicates (water samples) STATISTICS

JUNE/JULY 1998 JAUGUST/SEPTEMBER 1995 STD ¥ OF 95% CONF.

GCUG  ACNG __ %CHG %CHG GCHG  %CHG %CHG  XCHG  %CHG XCHG  SCHO  MEAN DEV.  |pATA {OF MEAN
pH 13 0.559 1357 2726 0361 12 12 8 13
p.0. 66 667 36806 21053 2198 BDL  IR7 215 7 29
Cond. 4147 0514 08 9357 1319 28 29 7 34
Ak 3265 0.000 375 169 109 6 193
c1 7646 15015 0750 1000 1700 35 43 9 a2
NOIN 76,289 BDL 4287  BDL BDL 359 162 260 6 e
Im? 200 BDL BDL 9.524 BDL BDL 1048 1347 2 %3
504 45726 32 2767 1.0 097 183 77 16 10 (1]
A BDL BDL 6154 10294 BDL 47505 7688 BDL 179 198 4 76
As 18487  BDL BDL  7.487 BDL 24000  BDL BDL 167 84 3 23
Ca 6928 0144 1167 1749 02 0810 0.000 0932 1.0 18 n 13
ca BDL BDL BDL BDL BDI. 5.528 18748 BDL 121 93 2 213
Ce 80! BDL BOL 422 BDL s&7 4525 BDL 48 07 3 83
Ca BDL 2761 854 BDL 14995 BDL 8120 2636 170 238 8 213
Fe 13235 30078 11111 4.0% 5172 2219 4498 3829% 190 140 " i
Mg 84 2642 18 18 0574 1.609 0.000 0844 22 22 1 15
Me S84 01 57 06 000 1 668 148 046 20 20 1 13
Me 116%  BDL BOL 6B BDL 202 4578 BDL 63 41 4 .3
Ns 13 1.40 1.558 0% 0.528 3483 0152 1413 18 09 n Lé
NI BDL BOL BDL (2245 BDL 16667 2247 BDL 104 74 3 152
™ BDL 8DL BOL  BDL BDL 3268 0814 BDL 167 225 2 s
st 4312 072 16 © 08 1.0 1.527 0000 11 1 1 12
Se 10852 1708 0045 0843 0223 0.186 005§ 1088 13 28 1 17
Ll BDL 8DL BDL BDL BDL BDL BDL BDL  sDIV/N 4DV © Vel
Za s 54 42 2014 2654 9038 7.528 2784 35494 144 |44 11 164
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Appendix 80

Summary of mean (+/- standard deviation) blank concentrations for water
and bead analyses .

Al (<0.07) (<0.07) 32.13+/-29.4 | (<0.07) (
As (<0.07) (<0.07) (<0.07) (<0.07) (<0.07)
Ca (<0.1) (<0.1) 5.55 +/-4.11 (<0.1) (<0.1)
Cd (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Co (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Cu (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Fe (<0.03) (<0.03) 0.24 +/-0.25 (<0.03) (<0.03)
Mg (<0.1) (<0.1) 1.32 +/-0.94 (<0.1) (<0.1)
Mn (<0.005) (<0.005) 0.06 +/-0.04 (<0.005) (<0.005)
Mo (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Na (<0.1) (<0.1) 0.96 +/-0.74 (<0.1) (<0.1)
Ni (<0.02) (<0.02) (<0.02) (<0.02) (<0.02)
P (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
Pb (<0.1) (<0.1) (<0.1) (<0.1) (<0.1)
Si (<0.1) (<0.1) 6.47 +/-3.93 (<0.1) (<0.1)
Sr (<0.005) (<0.005) 0.03 +/-0.02 (<0.005) (<0.005)
Ti (<0.005) (<0.005) 10.09 +/-0.06 (<0.005) (<0.005)
Zn 0.018 +/-0.017 }(<0.005) (<0.005) (<0.005) (<0.005)
n= number of samples; numbers in parentheses are the detection limits of the ICAPES.
Fe QA/QC: low vs. high concentrations
% change % change

{Conc. range btw. duplicates Conc. range btw. duplicates
319-312 2.2 0.087-.096 9.8
[93.2-89.1 4.5 0.168-0.114 383
29.25.4 4.1 0.051-0.044 14.7
157.4-59.8 13.2 0.196-0.145 30.1

0.181-0.245 303

0.741-0.663 11.11

0.302-0.176 52
| @23 6.0 avg 26.6
std dev. 49 stdev 14.5
# of data 4 #of data 7
Istd. error 1.2 std.error 2.1
95% conf. mean 4 95% conf. mean 30.7
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Appendix

104

Full listing of hyporheic zone samples with dissolved oxygen, nitrogen-N,
and sulfate concentrations lower than (and alkalinity levels higher than)
surface water and groundwater samples:

IB-GW1 (6/26/95) | 0.5 BDL | 15.3 7.6E+02 | 6 0.9-1.0 54-55 1.0E+02
IC-CW1.(6/28/95) | 1.9 BDL | 1.88 NA 6-7 0.9 51-52 1.5E+02
IC-GW2 (6/28/95) | 2.1 BDL | 24.9 2.0E+02 | 6-7 0.9 51-52 1.5E+02
IA-GW1 (7/19/95) | 1.3 0.1 37.8 34E+02 | 6 1.1 73 1.7E+02
IA-GW2(7/19/95) | 1.2 BDL | 28.9 57E+02 | 6 1.1 73 1.7E+02
IB-GW1 (7/19/95) | 0.8 BDL | 21.9 NA 6 1.1 73 1.7E+02
[A-GW1 (8/24/95) | 1.8 BDL | 69.2 1.8E+02 | 7-8 1.6-1.7 90-96 1.3E+02
IA-GW2 (8/24/95) | 1.5 BDL | 36.4 3.7E+02 | 7-8 1.6-1.7 90-96 1.3E+02
IB-GW2 (8/27/95) | 1.3 0.76 63.2 1.4E+02 | 7-8 1.9 100-104 1.2E+02
IC-GW2 (8/27/95) | NA 0.14 31.9 34E+02 | NA 1.9 101-103 1.2E+02
IC-GW3 (8/27/95) | NA 0.08 62.1 14E+02 | NA 1.9 101-103 1.2E+02
IA-GW1 (9/27/95) | 1.8 BDL | 68.1 21E+02 1} 7 1.9 108 1.3E+02
IA-GW2(9/27/95) | 1.6 0.14 {514 34E+021})7 1.9 108 1.3E+02
Site 11
IA-GW2 (7/6/95) | 2.0 0.09 7.61 NA 6 0.7-0.9 60-63 1.3E+02
HA-GW4 (7/6/95) | 1.3 BDL | 25.8 34E+02 { 6 0.7-0.9 60-63 1.3E+02
1 [IB-GW2 (7/6/95) 1.3 0.60 56.4 1.5E+02 | 6-7 1.2 62-67 1.4E+02
IB-GW4 (7/6/95) 1.1 BDL | 9.25 2.7E+02 | 6-7 1.2 62-67 1.4E+02
[IA-GW2 (8/31/95) | 0.6 BDL |17.8 3.8E+02 | 8 1.6-1.7 102-104 1.2E+02
[TA-GW4 (8/31/95) | 0.9 BDL | 55.9 26E+02 | 8 1.6-1.7 102-104 1.2E+02
1IB-GW1 (9/4/95) NA 1.38 87.1 1.2E+02 | NA 1.9 101 1.1E+02
IIB-GW2 (9/4/95) NA 1.27 | 83.3 1.6E+02 | NA 1.9 101 1.1E+02
IIB-GW4 (9/4/95) NA BDL | 16.4 38E+02 [ NA 1.9 101 1.1E+02
[IC-GW4 (9/4/95) NA BDL | 27.3 NA NA 1.9 101 1.1E+02
Site I11
IIC-GW4(8/31/95) | 21 0.73 79.1 2.3E+02 | 8-9 1.5-1.6 97-102 1.2E+02
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Transect-scale trends in surface water chemistry:

A simple and quick measurement of groundwater infiltration into the surface water
was measured directly with the specific conductance meter. When the meter was placed
directly against (but not into) the stream bank, significantly higher specific conductance
was measured where water data indicated that ground water was infiltrating.

(2126195) 0.220
(5/15/95) 0.200 0.220
IB (5/15/95) 0.210 0.290
IC  (5/15/95) 0.210 0.220
IB (82795 |0.498 0.625
IIA (8/28/95) 0.510 0.640 (E bank) )
IIA (8/28/95) 0.510 0.599 (W bank) 1.24

Table 6: Examples of specific conductance measurements of water along the creek banks,
as compared 1o those of the surface water in the central portion of the creek channel and to
nearby groundwater.

This was found primarily on the east bank of Site I, where piezometeric data indicate
groundwater is flowing into the creek from the east side. When the specific conductance
meter was placed in the surface water, right up against the east bank, higher measurements
were recorded. The most striking example was measured on 8/27/95, when the specific
conductance in the central portion of the stream channel measured at 0.498 mS/cm,
whereas along the east bank it was measured 0.625 mS/cm. The suspected source for this
elevated level, the groundwater within the east bank, was measured to have a specific
conductance of 1.95 mS/cm. The 95% confidence interval for the mean error associated
with specific conductance measurements was calculated to be 3.4%, and thus these
differences observed in the surface water are significant. Such measurements indicate that
itis possible to directly detect the high-conductivity groundwater infiltrating the creek, at
least along those portions of the creek where the differences between the surface water and
ground water specific conductance values are large. Although the measurements are not
useful inindicating the type and concentrations of the specific ions are moving into the
surface water system, they are useful in detecting locations of ground water movement into
the creek.




Appendix 106
1CAPES data from bead digests run on 1/24/96 and 1/25/96
Sampie Asalyris  Amalyms
Name Date _ Time Al A Ca €4 Co Cr Co Fe Mg Ma_ Mo Na_ Ni P P S & T Za
BLANK 12496 #4s 0.003 -0021 0001 00011 00004 00005 00023 0003 001 0 00011 0009 0004 002 00I4 0034 00003 0.0002 0.00/2
8.STR BLANK 1 12496 848 0023 0011 0 00006 00046 00086 00027 00I3 003 SE-04 0003 -0013 0005 008 -0.005 0029 0002 0 0.0071
8-STR.BILANK2 12496 8:50 0013 00l8 0O 00006 000l6 00077 00012 001 002 O 00005 0009 0.001 008 0005 0028 O 00004 00051
8 BEADBLNK1:1.0022¢ |12496 854 405  00%6 0211 00001 0002 00067 00015 0024 0157 0003 00006 0031 0001 011 0005 0417 00012 0.0065. 0.0049
8 BEADBLNK2:0.9939 [12496 857 227 003 0249 0.0007 00008 00147 00008 0017 0116 0005 -00003 0043 0001 009 0002 0377 0.00(S 00066 0.0022
BLANK 12496 9.09 0@ 0083 0006 O 0001 00011 00627 0001 0014 O 00011 0006 0003 009 0026 -0.007 00003 O 00035
USGS T107 12496 913 025 o0 13 00183 00123 00263 00329 0061 227 0052 00159 229 0027 014 0033 416 00649 00025 00906
UsGST117 12496 917 0106 0006 233 00033 00067 00234 00077 052 L 0243 00154 22 0014 037 0006 621 02779 00027 02034
8.BLANK 12686 9:06 0004 0009 0 00001 -2E04 00019 0001 0004 0 0 00019 001 0005 002 0.003 0011 00002 0 0.0002
USGS T107 12696 9.08 0236 -0011 129 00173 00142 00276 00301 0061 228 0052 00156 227 0029 005 0017 414 0065 00022 0.0887
USGS T117 12696 912 0092 001 232 00032 00055 00274 00053 0517 11 0241 00132 219 0006 027 0006 624 0278 00MS 0.1988
USGS T-91 12696 915 0413 001 278 00397 00131 0019 0997 0313 111 2551 00014 623 0018 008 0009 737 0123 00018 6276
USGS AMW 2 17696 918 205 008 339 01393 01458 0491 4939 102 116, 9203 01445 252 0247 051 0037 I3 1424 00148 476l
8.BLANK 12696 928 0006 0012 0006 -IE04 0.0009 00357 -0.002 -0.003 0007 0002 00021 007 0004 014 0002 -0.004 00015 0.006 0.0009
8 STR.BLANK1 17686 931 0017 0005 0053 2E04 D001l 0028 0001 0032 006 0001 -0.0009 0052 D004 0.4 0 0071 00008 002 0.0038
8 STR BLANK2 17686 934 0065 0017 0084 -1E04 00017 0.036 0001 0.041 0366 0001 00004 0125 -602 017 -0006 0206 00014 0.0065 00022
8-STR BLANK3 12696 9:37 0011 0013 0065 00003 00009 0Q289 -7E-04 0032 0057 SE04 00012 012 0017 014 001 0079 0001 0004 00162
8- BLANK 12696 9:40 0003 0005 0006 -6E-04 00009 00389 -7E04 0004 001 7E-04 00024 008 0001 018 0001 0002 00017 0.00% 0.0007
8- BEADBLANK3 12696 9:43 3 0015 0676 00008 00017 00323 -0001 0036 0169 0009 500l 0.75 0006 017 0002 0777 00082 00143 00028
8-1C-1 0-8cm 1126196 946 4l 0.095 181 00037 00019 00366 1107 351 052 0395 00031 0394 0049 072 0141 168 00IS 004M 1155
8.1C-18-11 cm 12696 950 423 0116 228 00057 0003 00404 05275 591 0841 0958 0007 0728 0146 099 0214 147 O0OIBA 00M7 1.601
8.1C-111-30 cm 12696  9.53 365 0022 161 00031 000IS 0037 09004 153 083 0706 00006 0991 0069 046 0097 0873 0012 0@7S 1973
8-1C-3 09 5cm 12696 956 506 0063 2 00057 00008 00371 1512 393 0536 0504 00066 0667 0103 075 0.188 187 00162 0.0419 159
81C-395.21ca 12686 1000 456 0016 142 00G21 00008 00403 09113 281 0426 0262 0003 045 0041 045 0065 123 00101 00358 05246
USGS T107 12696 1003 0226 0002 136 00187 00157 0.0776 00294 0063 228 0054 00132 223 0034 028 0039 434 00644 00116 00969
USGS T117 126M6  10:06 007 001 138 00027 00047 00688 00035 0513 107 0243 001IS 208 0009 049 0 632 02654 00112 02086
81C-3 21-32cm 1266 1009 113 0027 125 00044 00011 0.0422 1108 132 0555 0207 002 0386 0059 047 0065 301 00095 00506 07684
8-1C-3 32 42cm 12686 1012 59 0014 122 005 00004 00386 0951 541 0529 0327 00052 0543 0065 037 0063 146 00084 00344 0.6865
8-1C-130-42cm 12686  10:15 463 0468 265 00245 00034 00556 3598 604 0752 129 00861 0879 0317 87 0244 361 00515 0.0358 4367
1C-2 0-14cm 12686  10:18 313 0055 245 00066 00017 0.0432 1424 345 0575 0609 00041 0397 0109 079 0156 136 O0DI% 00456 2.093
81C-2 14-18cm 12686 1021 108 0124 268 00058 00027 00429 1773 543 103 071 00067 0758 DOAS 086 0329 269 033 00617 1.618
8-1C-2 18-320m 12696 10:24 474 085 335 0023 00036 00573 2 538 0966 1567 00749 089 0052 S9 0287 421 00483 00391 4512
81C-2 18-32em (2) 12696 1028 586 0758 28 00202 00017 00522 2 486 103 1478 00647 0934 003 54 0241 395 00432 00358 3945
8-1C.2 32 41cm 12606 10:31 273 0 137 00042 00009 0.0431 0552 14 0431 034 00028 O0S7 0199 049 0047 0762 00097 0.0239 0.6602
8.18-1 0-8cm 12686 1038 697 0034 176 00147 00051 00476 2842 261 295 3352 00037 293 0005 087 0093 1.6 0015 00331 552
8-18-1 0-8cm (2) 12686 1041 336 0014 196 00153 0O00SI 00527 291 305 281 3353 0004l 385 0007 098 0105 138 00169 00297 5593
[B-1 0-8cm DUP 1N6/96 1043 371 0023 195 00137 00055 00528 2829 287 379 3359 00053 301 0008 09 0086 439 00163 00813 5526
8-1B-1 8-12cm 17696 1047 545 0158 19 00093 00025 00437 1366 101 0821 13 0011 079 0003 21 0201 163 00236 0.0347 2476
8- BLANK 12686 1050 0012 0023 001 00008 DOOOS 0OS62 0002 0001 002 SEO4 00024 013 0003 03 5004 0 00023 00094 0.0025
8.18-1 12-16cm 12686 1053 261 0004 144 00028 00015 0038 0291 0757 039 0252 -00008 0504 0003 043 0053 0895 00109 00249 07794
8- BLANK 12696 10056 001S 002 0012 -3E-04 00009 00555 -7E-04 0004 0004 2E04 0001 0112 .0001 032 0006 0002 0.0023 0009 0.0024
UsGS T107 12696 1059 0226 001 136 00188 00138 00847 0029 0058 222 0054 00137 222 0031 036 0011 426 00641 00128 009
USGS T117 12696 11:02 0094 0007 24 000X 00051 00756 00042 0521 106 0248 0012 213 001 056 006 639 026M 00119 02131
818-1 16-21cm 12696 11:05 331 0032 101 00011 O 00405 01947 0358 0275 0128 00003 0321 0003 037 0036 0819 00076 0.0206 0.4695
8-1B-22-32em 1N6/6 11:08 835 0008 1SI 00019 00021 00427 0458 0517 0494 0205 00001 04S5 002 04! 0047 133 00099 00M 06558
18132415 12686 1111 586 0004 174 00022 00021 00409 06104 144 0606 0364 00007 0687 0001 046 0.069 1.38 00132 00372 06588
8-18-1 8- 12c DUP 12686 11:14 211 0.1Z3 224 00107 00017 0.0489 1339 101 124 1296 00138 0872 0007 22 0207 359 00254 00692 2451
8-4A-3 0- 10cm 17696 11317 443 0098 218 O0DI22 0007 DOASS 3566 653 133 1641 00066 1.94 0013 1S 0217 253 00225 0062 3.59
81A-3 10-20cm 12686 1120 542 013 17 00126 00021 00432 2655 151 135 1543 00178 202 0131 087 0222 302 00144 0032 269
3203 lem 12696 11:23  S7 0001 176 00132 DOO2S 00458 1483 113 2 1967 DOOGS 206 0016 06 009 123 00127 0.0278 3.091
81A-3 31-42cm 12686 11:26 58 0019 344 00047 00025 004 1077 112 132 108 00017 122 004 044 0065 161 00151 0.03% 1773
8-1A-2 0-12cm 12686 1130 37  00M 247 0008 00025 0.455 3386 707 108 (333 00092 145 O0O04S 15 0203 231 00241 0.0481 247
8-1A-2 0-12cm(2) 172686 1133 592 009 267 0009t 000IS 00481 3688 8 127 1461 00091 155 0001 17 019 291 00261 00557 2778
1A-2 12-15cm 12606 1136 121 0232 212 00162 -2E04 0.0448 6275 288 0601 0674 003% 0833 0003 24 0239 826 00216 04286 3171
8142 15-23cm 1266 1139 208 0085 19 00088 00013 00516 366 421 0732 07 00627 0962 0 13 0601 11.8 00171 00324 2601
8. BLANK 12686 1144 0007 0032 0012 00014 2E04 00484 -0.002 -0003 0012 2E04 00022 0107 0001 031 0035 -0.005 00021 0.0087 0.0027
8-1A-223.33 Sem 12696 1147 106 0083 474 0006 00011 00482 2198 283 0786 0709 00417 119 0006 071 0338 487 0025 00354 1.5
81A20.12am2)DUP {12686 1150 127 0093 289 00092 0.0019 00556 3645 82 148 [|454 00078 158 0005 L7 0187 447 0072 007 2751
8-1A-2 23 33 5cm 2) \26M6 1153 102 0039 416 0005 00006 DOS 2189 277 0652 0591 0044 O09A3 -0003 073 0301 48 00219 00304 1212
8-1A-2 33 542cm 12686 11.56 959 0044 181 00045 00008 00624 2151 381 076 0683 00591 112 0003 063 0327 313 00143 00329 1227
USGS T117 12696 11:59  00&Z 0007 256 00039 00047 00935 00035 0558 112 0263 00109 226 0008 065 0016 68 0279 00iss 023
UsGs T107 12686 1200 0219 0009 135 O0OI& 00118 00832 00287 0066 22 0053 0012 224 0036 038 0012 426 00637 0013 0097
8-1A-3 0-8 5cm 12696  12:05 207 0053 219 00029 00009 OOM& 132 46& 0812 0289 0005 033 0006 095 038 401 00189 00734 1123
8-11A-385-13 Scm 12606  12.08 715 0432 394 00074 00008 0056 O097SI 545 045 0364 00763 0301 0001 47 0172 415 00552 00358 1045
8.11A-3 13.5:2( Sean 12606 1211 778 0031 147 00013 00002 00426 02464 274 0348 0089 00034 028 0007 08% 0065 126 00134 00316 01547
8-1A-3 13.5-21.52) 12686 12:14 749 0019 172 00012 00002 0042 0217 226 035 0084 00003 0346 0 077 0039 138 00141 00315 02668
8-11A-3 21.5.29 5am 1726/ 1217 615 0006 13 00004 00017 00379 01884 0.769 0306 0059 --00012 0307 D002 043 004 111 0009 00278 03845
841A-3 3041cm 1N6/M6 1220 487 0008 134 00004 0001 0043 02673 0743 0261 0065 00001 0291 0001 048 005 113 00101 00293 03044
8-118-1 0-8cm 12606 1223 318 0035 202 00035 00011 00409 09687 3.2 0381 0325 00016 0314 0038 0K 0132 168 00165 00383 1026
USGS T107 1N6M6 1226 0213 0001 141 GOI89 00127 00N6 00312 0.066 229 0056 00178 235 0031 042 0009 448 00663 0.0145 01038
8-118-30-7cm 12696 1229 415 0058 21 00024 00013 0.045 07931 282 0539 0299 00002 0689 0007 086 0107 197 00ISY 00381 08523
8.11B-3 7-15cm 12686 1232 463 0169 241 00044 00006 00438 08211 4.17 0448 0202 00041 0525 0002 ON2 0247 202 00205 00546 2829
8-118.3 15-25cm 1766  12:35 325 0038 157 00012 6EO4 00432 02882 14 029 0077 0023 0422 0001 058 0077 121 00116 0034 05612
8.08-32541cm 12696 12:37 835 0004 224 00019 0002 0045 02478 14 0472 0092 00036 0469 0005 046 00K 181 00144 0047 02702
8-1B-3 2541cm (2) 1P696 1240 257 0S5 148 00011 00017 00G395 02223 114 0231 0077 00005 0333 0002 041 007 109 00103 00293 02377
s11C-10-11cm 12606 1243 801 0044 244 004 00004 0038 0946 3.1 0521 0347 00013 0478 0002 081 0137 253 00185 0.0485 1043
8-0C-10-11em 2) |N6M6 1245 508 0047 255 00031 -6EO4 0.0439 1008. 3.18 0473 0377 00048 0482 0002 084 014 205 0019 00448 1168
8IC-1 0 11cm DUP 12696 1248 172 007 257 00038 00013 0.0406 09503 324 0782 0353 00061 0515 0003 083 ©.27 384 00192 00723 105§
811C-1 11-20cm 12606 1250 592 02 244 00039 00011 0038 1169 127 0504 0454 00185 0384 0005 13 0433 303 00212 0072 089K
a-11C-1 20-30cm 12686 1255 743 0175 25 00019 00008 0.0413 03286 20 0388 0256 00264 0354 0004 25 0322 249 00265 00413 07616
£-11C-1 20-30cm (2) 172686 1258 141 018 302 00023 00013 00363 03473 188 0636 0264 0024 0433 0001 26 042 31 00297 00575 06752
8-11C-1 3042cm 12696 1301 36 0002 16l 00002 0001 0036 01714 071 0285 0082 00037 0397 0.002 038 002 126 00109 00289 0&221
8.11C-13042cm DUP {12696 1303 335 0001 16 000IS 00011 00363 0.1685 06954 0291 00X 00013 0411 0001 042 0027 124 00108 00289 08166
SGS T107 126/96 1306 0234 0011 148 0021 00142 0095 00319 007 239 0059 00159 244 0036 045 0019 468 0069 00154 0.1089
8 BLANK * 12696 1310 0016 0024 0052 .SEO4 000t 0047 0003 0002 0057 0001 00031 0414 0008 041 D032 0006 00023 00087 00042
8-BLANK 12696 13.17 0018 0009 0 IEO4 00025 0049 0003 0006 002 2E04 00126 0108 0 019 0017 0002 00021 00116 -0.001
usGS Ti07 12686 1320 021 0015 (37 O0Oi73 00174 0073 0029 0066 23  04S3 00197 209 0034 024 0QSS 426 0064 00137 0098
UsSGS T91 17686 1325 0384 0 294 00425 00157 00766 09616 032 111 2586 0005 571 0023 025 0039 758 01184 0013 6921
|BLANK 126/96 1353 0006 0016 0002 00012 4E-04 -0.0018 00022 0002 0015 0 00041 0006 0006 005 0016 0012 0 0001 2E 04
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|Sampic Name Dme  Time Al As _Cs C8 Co G Cu e Mg Ms Mo Na M P _Pb S S Ti Za

USGS T107 2696 1356 0215 0008 129 00177 00125 00175 00326 0067 228 0051 0018 229 OW G032 0041 418 00644 00007 00898
USGS T117 12686 1359 0081 0001 235 00038 00037 0025 00078 0513 111 0244 00166 219 0009 026 0001 632 02788 00022 0205
USGS T91 12686 1402 0408 0031 285 00401 0.0112 00193 1005 0317 111 2587 00041 619 0025 0! 0029 752 0.1237 0.0015 6422
8- BLANK 12686 1405  -0001 001 0004 00003 00006 00048 0.0004 -0.002 0001 0 0002 0017 0005 001 -0007 0002 -1E-04 -0.0022 0.0012
UGS T-91 126/96 1408 0399 0027 284 00414 00105 002 0999% 031 11 2572 00073 62 002 0.12 0019 748 0.231 0.001S 64

3-111B-3 3041cm 12686 1413 443 0013 197 00007 00007 -00095 03302 111 0333 0071 00039 0336 0002 021 0.417 1.54 0.0ISS 00274 04533
811B-3 21-30cm 12696 1416 S5 0004 215 00019 904 00065 0609 113 035 0053 00053 0337 0002 028 0.118 18 00157 00345 06875
8-INB-3 9-2tcm 12686 1419 388 0 208 00025 0000¢ 0005 03&8 111 0272 0071 00033 0407 0004 03 009 154 00154 00255 0921
8-11B-3 0-4cm 1266 1421 546 0283 365 0008 -0.001 00038 1739 239 0433 028 00368 05 0006 29 0222 3137 00485 0035 1.664
8-MB-2 0-8cm 12696 1425 67 0533 454 00071 00004 00244 2818 141 0369 0.166 02101 055 006l 35 0083 128 00604 0.0304 3.701
8-10B-2 8- 18cn 12656 1428 509 0013 229 00001 0002 00073 0.4385 0971 0318 0033 00037 0358 00SS 01 0028 1.7 00121 00296 02256
8.1T1B.-2 18-29cm 12686 1431 33 [ 169 00008 -9E04 -0.0083 0.1499 0694 0236 0029 0004 0342 0179 006 0018 106 0009 00176 02154
8-11B-2 18-29cm(2) 12686 14:33 429 002 196 00004 -7E0¢ 00031 00574 0612 0275 0032 00032 0308 0046 009 0029 152 00107 04236 0.160S
8-1B-3 4-9cm 12696 1436 48 0008 23  0.0022 OO 00044 0.6053 141 0334 0077 0.0039 0471 -0004 03 0112 18 0018 00334 04537
USGS T107 12686 1439 0229 001 141 00201 00137 00428 00333 0072 245 0057 00205 247 0035 015 0035 454 00695 00049 00989
USGS T107 12686 1442 023 0011 137 00194 00129 00422 00344 0072 236 0055 0018 236 0033 Gif 0036 437 00672 00041 00948
USGS T107 126096 1443 0219 0005 137 00188 00133 00395 00337 007 234 0055 00209 236 0032 009 0025 434 0067 00037 00952
&.1LC-1 0-8cm 12686 1446 61 0026 316 00043 4EDs DO 07179 257 0664 0319 0.0066 )44 00 038 00% 257 06 G039 09874
8.BLANK 12686 1449 0015 0025 0004 00014 -7EO4 00035 © 0001 0015 0 00027 0 0001 006 0009 0003 00002 -0.0004 0

8-1HC-1 8-11cm 12656 1452 489 0375 393 00029 <4E-0¢ 00079 09178 397 0418 0493 00614 0595 0.02 36 0161 425 00F4 0033 2.016
STC 1 11-28cm 172686 1455 45 0004 225 00011 9E-D4 0.0098 Q1807 068 0326 0078 00051 0925 0007 022 0066 163 00139 0.0 06266
81IC-1 11.28cm 2) 12696 1458 37 002 203 00025 -0.001 00083 0.1684 057 0286 0072 00013 093 000l 021 0064 137 00124 0.0191 04939
810C 1 2842cm 11686 1501 345 0009 209 00022 -TE-D4 -0.005 03462 0452 0294 0095 00029 131 0001 017 004t 135 00127 002t 0365
8-fC3 0-11em 12686 1504 63 0048 345 0004 -7EO4 00066 1188 462 0519 0312, 00074 0476 0003 063 0lil 285 00238 0049 1.117
8-HIC-3 11-17cm 12606 1508 433 0095 234 0003 0002 -00049 06212 695 0296 0107 00122 0413 0002 053 0.134 227 00163 00289 0.6MS
8.10C-3 17-31cm 12686  1S:11 44 0014 20 00009 -TEO4 -0.0068 02118 06M 0265 0058 0003 033 0D 018 006 167 00122 00276 0.7046
8-11C-3 31 42cm 11686  15:14 6 0022 226 0001 000 00126 01274 052 0345 0048 0003 0413 0026 0.4 0056 183 00137 00296 05837
3-BLANK 17686 1516 0013 0014 0007 0001 0002 00105 0 0001 0013 0 0002 0035 0001 0.2 0003 0003 0.0006 0.0007 0.001S
UsGs T107 12696 1S:19 0231 0008 14 0019 0O 00422 00344 0071 242 0055 00182 243 0039 014 04 448 00687 00045 00979
8-11LA-3 0-7.5em 12686 1522 376 0038 238 00052 4E04 00059 1421 322 0436 0304 00084 0309 0003 063 0121 283 00175 00039 1.042
8-1A-3 75 11cm 12686 1525 409 0005 238 00042 0002 003 08208 216 0353 0173 00069 0548 0721 042 0083 191 0011 0.285 O.M78
$411A-1 0-5.5cm 12696 1528 478 0063 292 0006 0002 -0.001 I534 688 04% 0456 00135 0445 0005 067 0151 284 00233 00427 1.812
8-M1LA-1 5.5-8.Sco 12686 1531 545 0412 362 00047 4E-D4 00092 1.026 653 0354 021 0099 0389 0001 13 02 619 00416 00345 2.424
{10A-105ScmDUP  J12686 1534 612 0052 306 00069 2E-04 00016 15M 699 0517 0461 00141 0472 0005 07 0.55 312 0024 00476 1.08
811A-1 8 14cm 12686 1537 671 0001 225 00008 0001 00062 0.1973 0729 0326 0042 0O0MS 0462 0006 013 0059 194 00143 0.0264 04793
310A-1 14-25cm 12696 1540 44 008 202 00018 -0.002 00071 0.1899 0702 0274 0039 00033 0393 0001 014 0067 171 00132 00236 04772
8-111A-1 25 42cm 12696 1543 468 0019 I3 0002 -0001 -00033 0.1377 0631 0273 004z O 041 0004 015 0057 173 00136 0.0242 Q427
81118.33041cm DUP {12606  1S45 423 0007 269° 0.0M@2 00 -0.0041 03524 139 136 009 0003 0502 0003 026 0108 427 00202 00812 0424
2-11B-2 0-8cm DUP 12686 1551 1S 053 508 00065 00007 00337 2807 142 062 0.7 0213 064 0066 36 0118 136 0063 00444 3.76
3 BLANK I26%6 IS:SS 0003 0019 0.008 00008 0.00ii 0009 00004 0018 0005 SE-O4 00023 0021 0002 0.1 -000i 0005 00004 0.0007 0.0017
8-STR BLANK1 126896 1S58 0024 0017 0053 00006 -0.001 -0.0056 0.0019 0024 0046 0 00023 0018 0001 008 0008 006! -SEO4 00037 00063
8 STR.BLANK2 11686 1600 0072 -0.17 0078 00006 -0001 -0.0052 0.0011 0.047 034 O 00039 004 -0.001 007 0003 0194 -2E-04 00015 00022
8-STR.BLANK3 12686 1604 0017 0008 006 00013 0002 -0.0077 00019 0.008 0049 BEO4 00007 0029 0019 008 0 0067 -GE-0¢ 00041 0.0163
s-usGsTi07 12686 1606 0243 0002 146 00204 00142 00576 00352 0077 247 0059 00202 249 0035 021 0036 462 00705 00075 0.1044
3-USGST107 12696 1608 0235 0013 14 00I88 00139 00478 00337 0073 24 0056 00189 239 0038 017 00l4 443 00682 0006  0.1001
lusGs T117 12686 1611 0077 0003 249 00029 00037 004 00078 0542 115 0257 00151 228 001 04 0004 665 02886 0.0056 02172
USGS 791 12686 1614 0406 0036 301 00431 00114 00154 1037 0320 114 2722 00046 645  GO3 022 0009 787 0128 00045 6871




Appendix

ICAPES data of bead digests analysis of 2/6/96

Semple TAnaiysis
Name ase  Al__As Ca Cd_Co Cr Cu Fe Mg Mo Mo Na NI P Pb SISt M 7n

8STRBLANKA |26/9% 0046 -0028 0054 7EO4 -0002 00074 00007 0083 002 00017 0002 0037 0018 013 0042 0035 -6E-04 -0.0044 0.0043
8STRBLANKB |26/96  -0068 0.024 0037 3E04 O 00264 -0001 0033 -0006 00007 -0002 0054 0004 0.5 -0006 0024 00014 00039 0.0028
RINSE HCL 2696 007 0017 0043 SE-04 SEO4 00176 -7E.04 0037 0095 00012 0002 0008 -0002 02  .0018 0073 00004 00007 02679
RINSE HCL 2/6/96 0079 -0027 0.048 2E04 0 6015l -0001 0.038 0106 00012 0001 D008 0002 024 -0.027 0‘074‘ 0.0004 0.0007 0.2693
RINSE HCL 269 0038 -0.005 0071 O 0002 00173 -0001 0012 0006 00002 -0002 0.002 -0001 024 .0019 0019 00001 00011 0.0039
RINSE HCL ¥6/96 0043 -0027 007 0002 -6E04 00152 -0001 0012 0017 00007 -0002 0003 0002 02 0028 0016 00001 -0001S Q039
8-STRBLANKA |26/96 0043 -0031 0064 9E-04 -8E04 00153 0001 0095 0022 00027 -0002 -0015 0013 018 .0041 0035 -1E04 -00026 0.005
50% HCL 2696 0041 -0016 0073 0001 00006 00179 -7E04 0015 0.023 00007 -SEG4 0017 0001 026 0023 002 00002 -0.0004 00043
NEW 50%HCL |26/ 0025 -0.008 0013 0001 -0002 00016 0.0007 0025 0026 0001 -0004 -0038 -0006 018 0043 0007 -5E-04 -00037 0.0583
NEW 50%HCL.  |2696 0028 -001 0013 3E-04 -0001 00101 -0001 035 0036 00007 -0004 0023 -0005 025 -004 0012 -IEO4 -00026 006

NEW S0O%HCL  |2a/96 0008 0017 0019 IED4 6ED4 00043 .0002 0017 004 .00002 -0.001 .0031 -0003 013 .0.037 0011 -3EO4 -00026 00569
8STRBLANKX {26/96 0005 0002 0059 -SED4 -0001 0006 -0004 04 0015 00002 -0004 0008 -0005 014 -0039 003 00002 -0001S 0.0035
8-STRBLANKX {¥6/96 0006 0003 0059 0 0001 00063 -0003 0036 0029 00007 -BEO4 0.003 -0004 016 -0053 0027 0.0002 -0001S 00035
8STRBLANKY |26%6 0008 -0002 0061 © 0002 00124 -0003 0037 0015 0001 -0003 0009 -0005 02  -0.065 0025 00003 -0.0007 0.0031
8-STRBLANKZ {2696 0005 -0012 0059 3E-04 -0003 00077 -0004 02 0018 00002 -0003 001 -0008 014 -0043 0019 0.0001 -00015 0.0022
8BEADBLANK4 |26/96 116 -0002 097 © 0003 00124 4E-04 0.133 0477 00163 -0002 0198 0007 016 -005 137 00049 0.0206 0007
8 BEADBLANKS {26/96 9 0 0911 2E04 -0002 00109 -0003 008 0324 0016 003 0.173 -0005 016 0038 111 00047 00198 0005
8 BEADBLANK6 §26/96 203 -0025 162 2E04 -0.002 00116 0 0138 0709 00244 -0001 0313 -0001 0.17 .003 213 00086 00411 00075
8 BEADBLANK? {2696 577 0003 111 -SEO4 -0002 00132 -0002 014 025 00133 -0005 0215 001l 016 005 111 00057 00158 0007
50%HCL 2696 0 0004 0022 -6E04 -0.005 00071 -0003 0056 004 00002 0003 0012 -0009 012 -0.048 0036 0 00015 0.0569
SOBHCL 26/96  -0.008 -0007 0022 1E-04 -0.003 00057 -00B 0062 0031 0 10004 0013 -0008 0.12 -0037 0013 -1E04 -00022 00573
8 14-10-13cm 2696 653 0046 22 0004 0002 00186 09043 202 076 05973 -0001 0703 0.008 052 0061 171 00151 0G4l L195
81A-10-13cm21  {26/9% 639 0045 165 0004 -0001 0015 09246 2 0575 05022 -9E04 0511 0004 054 005 165 0012 0068 1233
SIA-113.21cm  |26/% 318 0201 146 0007 -0.003 00168 2152 156 0484 04532 0.0204 0483 0006 2 028 182 00165 00305 1324
81A-1213lan |26/9% 368 004 154 0004 -0002 00215 1325 306 0782 0737 0001 0947 0002 089 0093 111 00135 00264 1472
81A-1314lan  |V&9 255 0022 119 0003 -0001 0017 08738 153 0665 05971 00009 0892 0005 034 0OI8 0842 001 00224 09862
81B-2 0-7.5cm 269 375 0106 228 0005 -0.003 00168 2427 SB2 065 07476 00065 057 0001 098 0142 235 00214 0BT 2425
2@27512m {269 42 0111 27 0006 0001 00I61 258 652 0705 07673 00081 059 0009 12  O0IR7 248 00242 00487 2.14

818-21216cm |26/ 369 0003 19 0002 0002 00163 08785 134 0648 0662 -0.002 0843 0008 039 0007 131 00129 00246 L1138
USO8 T107 2696 0252 0003 148 0019 00111 00661 0032 0064 246 00581 0018 26 0MB2 034 0 47 007 00092 0.1083
USGS T107 26/9 0238 002 142 0019 00113 0058 00316 0062 237 00552 00131 252 0033 029 -0017 45 00678 0007 0.101
Usas T117 26/9% 008 -0005 252 0003 00008 00541 00051 0529 112 0.259% 00088 237 0.007 053 .0045 669 02847 00077 0222
UsGS T117 269 0094 -0002 251 0003 00019 00561 0.0051 0.53 111 02584 00082 2.5 0006 05 .004 666 02531 00077 02204
JrusHINGHOL  Jvei96 006 0002 0055 4E-04 -0002 00182 0002 0038 0.1 00012 -0002 0023 -0003 023 .005 0075 0.0008 000I8 0.2665
SORESTIHCL  [26/9% 003 -001 0077 S5E-04 -0002 00088 -TEO04 001 0022 00007 -0004 -0004 -0005 019 -0051 0024 00001 -000I8 0.0039
BLANK-STDI 269 0009 -001 0025 SE04 -0002 00242 -7E04 0001 0026 00002 -0003 0061 -0007 0325 -0058 0 00011 00029 0.039
8IB-216-21.5m |26%96 361 -0007 1.82 0002 -8E-04 00123 06719 065 0.6 06392 -0003 0787 0006 033 -0029 120 00109 00246 0.9586
818.22232m  [2696 473 0007 207 0002 -2E04 00076 03953 0467 0.573 03993 0002 0732 0008 024 -0047 145 00118 00254 07007
8@-23242cm U696 622 0002 219 0002 -0001 00151 05772 13 069 03741 00011 0786 0.004 034 0011 156 00144 0029 0.6686
8.18-3 0-8cm 269 « 599 038 22 0006 -0001 00208 1589 38 131 1462 00016 164 001 075 0033 204 00152 00312 2478
8.(8-3 8 11em 2696 424 0052 197 0007 00011 00159 133 67 15 1644 0005 212 0011 058 0072 172 00129 00251 2808
$IB311-2lcm  |26/% 403 -0006 202 0.0M 00011 00225 1174 105 188 2017 -1E04 245 0011 048 -0006 118 00119 00206 3.233
8M32131am 2696 372 0009 152 0007 REO4 00217 1022 095 119 128 .0001 178 0008 041 -0021 Ll6 00l 00195 193

318321 31cn DUH2/6/96 365 -0001 144 0005 -8EO4 0O01SS 1015 0939 118 1221 00003 178 0008 038 002 111 00095 0OIS4 1906
8183 1121cn DUR26/6 51 -0001 232 0009 -0001 00209 1179 124 298 20M -0002 25 0012 05 0084 354 00136 00748 3.20
gB3314lem |26 503 0007 145 0006 -0002 0073 0797 0986 102 09862 -000L 107 0006 043 000! 12 00095 00217 1552
81B-33141cm DUM2/6/96 485 -0009 149 0007 -S504 0018 07957 0981 0994 09759 0003 109 0009 045 -0002 122 00097 0.0217 1.537
8.1B-2 0-Tcm Y696 ST 0036 234 0002 0002 00138 1.041 309 0428 0348 00022 0312 -0001 OB8 0047 198 00177 0.0354 09546
8.11B-2 7. 12cm 2696 349 0058 216 0003 -8E04 00627 1101 417 037 03653 00063 035 0137 093 007 L77 00172 0377 09012
BLANK-STDI 2696 0013 -0015 0028 -1E04 -0001 00241 -0003 0003 002 00005 -0004 0074 -0006 026 0049 -0002 0.0012 0.0029 00049
S1B.212195m |69 416 0037 24 0001 0001 01533 0743 422 039% 02685 00055 0454 0273 074 0042 195 00164 0.036 0.7093
8-11B-2 20-30cm 12/6/96 462 0017 201 0.00) <E-D4 0228) 04255 3.13 0365 0185 00044 0441 0271 0.56 0015 168 0.0129 00292 04571
8.1B-2 20.30cm DUI 26/96 387 0019 2 0002 0 02244 04265 313 0352 0184 00058 0441 0268 0SI 001 161 00I28 0.0279 04567
81B.230405am [¥696 473 .0013 204 IEGH -0003 00135 01848 063 0328 0067 -0002 0378 000f 032 0021 16 00122 002683 02521
USGS T107 Y696 0243 0001 147 0021 00119 00769 0.0327 0061 241 00579 00153 259 0034 042 0008 469 0069 0.009 0.105
USGS T117 26/9% 0094 0005 254 003 0036 00664 00033 0531 111 02626 00104 238 0004 057 0044 676 02837 00092 0.2265
8.1A.10105cm |26/ 331 005 18 0003 -003 00153 08375 208 0319 02589 00004 0299 0017 06 0062 149 00137 00275 07167
S1IA-1 105 15.50m |26/% 2.8 0.037 1.65 0001 -0003 00192 05834 185 0287 01766 -0002 03  -0007 059 0095 131 00136 00261 04248
8.0A.115522cm 2696 329 0033 187 GE04 -0002 0012 0622 126 0306 01224 6E04 0393 0001 048 008 131 00144 0.0297 03585
0A-122533cm {269 3% 0025 1B 0002 -0003 0013 05957 1.1 0315 0122 00011 035 -0005 05 O0.117 141 00149 00327 089%
8lA-13342cm {769 172 01 161 0001 .0002 00152 0224 0686 0251 00818 -0.003 0345 -0007 046 0016 105 00111 00209 04334
BLANK-STDI 26/9 0009 -0003 0025 SE-04 -0004 00261 -0003 0001 0015 .00002 -0003 0071 .0004 029 -0045 .0007 00012 00033 0.0037
8.MA-20-105am {2696 357 0052 242 0003 -0002 00181 09467 331 0431 03633 00022 0314 0006 099 0058 189 00179 0.0338 08218
SNA-211-13.5cm {¥6/96 322 0015 197 BE04 0003 00209 0469 197 0365 0155 JEO4 0305 0002 068 002 146 00134 00275 05081
80A-213.521.5am |2696 529 0001 198 SE04 -003 00162 03489 148 0676 01271 -0004 0344 0006 053 0007 178 00129 0.B01 03773
SILA-213521.52) )26/9% 399 0011 201 6E04 0003 0015 03804 15 0313 01328 -1EG4 0318 0009 058 0001 15 00132 00297 04179
81lA-22232em |66 403 00G3 182 7TEO4 0002 00I88 0171 0736 0311 007Z7 .0002 036 0005 042 -002 136 00111 0.0239 0221
8-11A-2 22.32cm DU) 2/6/96 <+32 -0.005 1.88 SE-04 -0003 00169 01721 0739 0313 00724 -0002 0361 0006 043 0025 141 0.0114 0024 02214
8UA22232m 2 7696 529 0006 216 2E04 .0003 00136 01666 0749 0344 00746 -0.002 0404 0007 039 -0028 165 00127 00272 02107
8.1A-2324%am V696 427 0017 186 - IEO04 -0002 00181 01521 0865 0278 00675 0004 0318 0008 039 -002% 148 00113 00253 01905
BLANK-STD! 269 0022 -001S 0028 1E04 0003 00304 -0001 0002 0037 00007 0002 0078 -0006 033 -0.036 -0.003 0.0013 0.0039 0.0057
8.STRBLANKY DL 2696 0025 -0006 0061 0 0004 00066 0003 0006 0026 0001 .000S 0004 -0007 025 -0056 0017 00001 -0002 00031
8.STRBLANKZ ]26/96 0027 0001 0063 -2E04 .0002 00128 -0001 001 0024 0001 -000S 0.025 -0004 029 -0046 0019 00003 -0.0009 0.0047
8 STRBLANKB  §26/9% 0023 -0015 0073 3E04 -0.002 00291 -0003 0103 0037 00017 -0006 0032 0016 03 0049 0031 0.0004 -00004 0.0065
R BEADBLANKGD! 26/9% 168 0009 296 .SEO4 .0002 00154 .0002 0118 0636 0033 0004 058 0004 038 -0034 291 00155 0043 0.0086
8BEADBLANKTDI 26/9% 163 0005 207 -SED4 -0003 00211 -0002 0153 0503 00239 -0006 0371 0009 027 0049 225 0.0107 0301 0.0083
8.BEADBLANK4 |26/9% 168 0004 215 .0001 -0002 00214 -0002 0139 0598 0025 0005 038 0004 031 -0043 254 00111 033 00076
USGS T107 26/96 0262 001 143 002 00119 00659 00312 0062 236 0054 00144 256 0037 043 -001S 459 0068 00088 01035
USGS T117 26/9 0098 -0008 253 0.003 00023 00657 0.0047 0528 11 02611 00113 237 0008 07 0042 671 02818 00092 0.2263
UsGs TH7 696 0095 0009 241 0003 00002 0054 00025 0506 105 02505 00088 229 0005 063 -0055 642 02715 0.00M 02183
UsGS T107 26/96 0253 0014 133 0018 00088 00557 00305 0058 217 00539 00139 238 0029 037 0033 425 00639 00066 00966
BLANK V6/9% 0039 0006 0.018 9E.04 -0.002 0023 .0001 0002 0035 00005 -0003 0047 001 036 -005 0001 00009 0002 000SI




Appendix

ICAPES data of bead digest anatysis of 2/15/96

Sumpe Ansipss  Anleyss

Nams. Al__As Ca_Cd e O Cu Fe Ma_ Ma N NI PP S S T 7a
STDI Blask 95t 606 0L 0002 0.000 0002 0189 0001 9E03 2E04 7TEO4 IE04 0052 0002 0.0 0045 000 00IS 0015 00MAS
STD) 2159 955 2088 1357 165§ 1104 17496 281
STD4 1396 953 0975 s 0.664 18

STO? 5% 1001 1877 2068 285 [E ) 40214 2044 7.288 1926 2.
STD8 2199% 1004

STD 1 21596  10:06 0014 001 0006 0002 0003 0006 0002 0.001 0011 9EO4 6E04 0002 0007 011 0014 001 7EO4 -ZE04 0.001S
USGS T 21996 1205 0254 0BT 129 0018 0013 0MB3 02 005 226 0052 0016 B 0MBS 015 0BS 4B 006 0002 008%
USGSTIL? 199 1e12 0102 0025 B 0004 0007 063 0006 0507 1l 0B 0013 219 0015 035 0008 &3 0772 0B 62001
3 STRBLANKL 2199 1016 0023 00I7T 0024 8EO04 0.001 0606 6604 0004 0013 9EO04 0002 002 0008 014 0009 0052 .0 0002 0.0013
SSTRBLANKM (2159 1019 0021 .0 0016 0001 0002 0015 3504 0002 0018 9504 0003 OB 0006 OL7 0021 00M 0  .#E04 00004
8-STRBLANKN V1596 102 0018 0006 0006 0002 003 0013 G504 600 0002 9E04 000 002 0001 015 003 0BS o 4001 000D
9.BEADBLANKS  [2159% 1025 106 0 0242 7504 4604 0011 0 001 005 Q003 000 0024 0008 014 0006 0478 000 0002 00002
8.BEADBLANKY  |215% 1677 106 0 0282 3E04 9E04 0016 4504 001 006 Q004 0  0@BS 0006 0I6 0011 06 000l 00 00014
BBEADBLANKIO |2159 1030 494 0 0778 0001 0001 007 G504 0.027 0246 001t 0001 OI17 0002 016 0008 0,9 0004 0016 00024
BUC3IESIkm 21596 1035 0937 0018 0577 GEO4 0001 0016 0218 ©729 0095 0082 SEO4 0084 0007 028 005 0457 0004 0006 02064
34C3 045m 2159 1038 222 008 25 0007 0002 0024 L1 S L3 064 0008 037 OB 1 019 S& 00N 0072 1¥S
8C3 20-3km 1996 1041 0934 0063 0528 0002 0003 0015 0113 1.8 0087 0BT 002 0074 0006 036 0028 0446 0004 0006 01625
80C33034m 2159 1044 109 0029 01 0002 4BO4 00IS 00B 208 O0I103 004 00 0S8 00K 06 005 ORI 0007 0007 02%]
smA31S215m  [2159% 1007 337 00IS 107 008 0002 0077 0B 05 0B6 00 6E04 0282 005 045 0069 O3 000 0N 05N
STD.1-BLANK 2199% 1050 0025 00L 0001 000l 4EO4 0021 6EG4 O 0002 TEO4 £EDS 0028 002 OB 0011 00l TBO4 00N 000D
30C33034mDUP [71596 1052 228 008 079 0001 904 0012 0082 204 0132 004 0005 009 0002 069 006 0& 0007 0008 027957
SICI3034mDUP (21996 1054 213 0026 0757 0002 0002 0017 0082 208 0122 003 000 0095 0005 075 0063 08 0007 0009 029
USGS T107 2199 1057 0276 0019 1S1 0021 0016 0059 O®3 0067 232 0059 00i8 249 008 031 004 43 007 0007 010%
usas Tia? 2199 10H 0776 QOB 142 0@ 0017 005 OM3 0062 241 O0U6 COIY 243 OMS 029 009 4 0067 0005 01006
BSTRELANKLDUP |21596 1102 0083 001 0014 SEO4 504 0013 4504 0.002 0009 2604 0002 0@ 0015 02 0008 CB O 0001 B00IS
USas TIe7 159 1105 0776 0OB 147 00 COIS 0SS 083 00 246 0S8 OO0 247 004l 0I5 034 475 0069 0006 0404
USGS THT 1596 1110 0124 0005 251 0005 0.007 0045 0007 050 114 0259 00IS 234 0016 056 0028 678 0286 0005 027
$0C3303cmDUP [2159 (Ll 665 Q01 093 000 0001 0009 0084 208 0266 004 OOB OIll 0005 073 0045 1z 0008 0014 02801
SOC3I2030cmDUP J21596 1119 217 005 0607 0B 6E04 0014 0115 144 OIE 09 0001 009l 0001 044 0048 0562 0005 0007 01624
Sad 1 bk Vi99%6 1139 0144 OB 0005 0005 0007 0067 003 0053 0017 0003 0002 0034 0017 0SB 0@7 013 002 0012 00106
coMP 14 2199 14 1T 299 316 306 3088 3001 2667 2% 7M1 290 297 256 29 36 309 I 2607 1™ 308
coMP 14 1996 1210 268 2% 31 3012 3 2549 2658 2% 266 2042 2B2 256 2% 37 258 289 2596 2762 309
coMP14 V1s96 1221 268 299 314 B9 3077 2978 266 29 266 2962 2956 1252 3m 37 302 29 254 2%l 302 -
COMP 14 1996 1235 267 297 312 3018 301 29 2647 ‘29 264 2947 289 257 300 37 301 2R3 2584 2747 3097
COMP 1.4 21596 1241 269 29 312 3017 3004 2955 2661 291 265 2947 2892 259 301 37 2% 23 12%S 2751 30
COMP 14 21596 128 266 297 312 3016 3002 295 282 29 263 2988 2988 255 301 36 298 286 2368 2731 3.091
COMP 14 21596 1300 266 3m 31 3004 2967 288 287 28 262 2@ 29 BS 3@ 3T 297 27WE LM NS 3
coMP14 21596 1308 265 298 31 2999 297 299 2646 288 262 29%6 2919 258 3 37 295 286 25 2727 30m2
coMP 14 21596 1X19 264 298 313 306 3002 2934 2681 28 261 2MS 2346 255 304 38 254 286 2567 2T 309
coMP14 196 1377 264 2% 31 3008 2978 296 2622 28 289  2WS 292 255 3@ 38 295 284 2857 2706 3077
STDI-Binak 2199 1344 0091 001 0003 0002 0004 0344 0002 0005 00005 0001 -ZEO4 0062 O0MS 0115 0087 0021 ODI9 O00IS 0.00342
sTD8 s 147 210 . 1741 1928 1055 1958 308
[s4 2199%  13:50 L17 9458 am3 1Be

sTD2 27139 139 257 2321 286 12 a7 2307 2451 1996 26819
STD.1-BLANK 2159 1338 001 0m 0001 9EO4 0001 Q1 0001 04 SBOA O Q0B 00t 0@ SE4 SEO4 0003
STD.1-BLANK 2159 1400 0 0 0 6B 0 000l 0009 G504 TEO4 0017 L8 201 0018 IEO4 04 0
COMP14 1S9 4B 254 28 263 266 9 16 156 264 199 289 26l 28 261 2501 2574 267
STD.1-BLANK 2159 1407 001 001 0001 3504 GEO40 0001 O 0O0M 004 0004 0 0014 IEO4 4504 0.0004
BUCIBSIka (2159 1400 128 0012 0499 TEO4 0N 0T 0034 008 0003 0IB L00 0024 0517 0004 0006 0196
BIA21453km {2199 1483 129 0009 0€3 0001 008 04S 0139 0017 001 OI7S 0001 A0l 0@ 00M 0005 006
31IC3 203w 215% 1416 3& 0B 1012 WM 2113 14 0DY 004 06 0133 0604 00 a2 0006 001 oIV
SMA37231%w [2199 1419 417 0004 165 0001 0228 0392 0254 00 0007 032 0 00% 127 00N 002 062
(COMP1-4 1Y% 14D 238 261 289 273 263 264 261 268 2647 267 16 267 267 283 2612 178
conP14 9% 14D 15 26 269 270 104 264 239 260 268 26 260 267 246 2%4 206 271
BIAIILSAkw {21596 1430 335 001 1% o Or77 0366 QI8 006 SEO04 0214 4007 087 LI3 0009 0MS 02954
SiA-2324Xm  [21596 B 0904 0 047 4BM 0077 0207 QM2 00IS 0001 028 4001 4 032 0om 004 00726
RIIA-21433%km (21596 1437 226 0007 07%6S 0 0044 0422 CISE 0019 0002 0221 0.00§ 0 4y's 0005 0008 0.0%9
BA-2095m  [215% 4@ 147 0017 LeS o002 0@2 254 012 015 005 0157 008 008 6% 0009 Qo4 0.5
SC31020ca V199 1444 351 135 29 0016 1054 413 024 0263 005 024 002 0113 416 008 0@ 138
sOCI 1020 [V1S%6 1448 13 o0msI 1@ 0009 0341 244 0108 0145 0BT 009 0004 085 213 0015 0006 07654
SOC3 10207  [219% 14® 1a  ox 18 00 057 243 0103 0145 086 00% 0 004 213 005 0006 07384
sUCIMdicm  [215% 14} 177 032 26 0007 0176 209 0159 0193 01 0089 0001 0083 0978 0041 0006 1454
3UCIJ4Alca () 21996 1438 14 0291 261 0006 016 202 0151 0187 0GB 0097 0005 0083 1.02 004 0.006 1.401
coMPl4 21596 4B 261 18 778 1897 2676 2T 266 1T 2178 71 2® 6 I8 1588 1657 288
coMP1 4 2199 1501 261 21 79 2876 2677 2B 265 1T 274 T 2M 17 7S 2367 268 280
BI0A-295-145cm  [21396 IS4 13 0059 097 0004 0367 193 0164 005 0B 0166 0 ams 24 001l 00® 058
BIA3IL1%cm (2139 1507 202 018 1S5 0004 0953 119 0171 008 007 0206 0002 0109 LT3 0017 0014 08572
BmC2l02icm 2159 1510 407 0163 3B 0009 1574 133 037 0459 0012 0262 O 06 3B 0019 0063 2017
STDI-Baak 21996 1516 0091 001 0002 0002 0003 0249 0002 0005 ¢ 0Ol -ZE04 0064 00088 0173 007 002 0019 008 0.0l
STD3 V1896 1520 2188 122 200 0Y 20957 314
STD4 21396 15D L33 9706 ost 13277

stz 2159 1526 n3 243 3004 1564 ams 13m 1626 03 274942
STD1-BLANK V139 152 0002 001 003 0003 0004 4E04 0011 D00l 002 008 TES4 001 0007 O 004 00 0002 -EO4 0.00P
STD.1-BLANK 21596 1531 0009 0026 0004 0001 0.002 0002 0003 Q001 002 4504 2504 001 0002 008 0002 0014 <BO4 -0.002 0.00%
coMp14 2159 1531 24 2 26 263 295 2469 2334 22 253 2577 2519 26 254 26 262 26 2469 254 260
SIUB.11220cm  |21596 1538 439 0B 13 0004 000 0007 0245 0602 0197 0065 000 0465 0004 011 005 1 0014 0022 0NN
8IIB.1205305cm {V1596 1546 17 006 3.11 0006 0002 4604 L6l 58 | 0321 0009 0309 0003 0% 016 5 004 0B 13
SI0R-1205305cm {2159 IS8 176 0072 31 Q003 0001 IEN4 L6 S LGB 0519 001 03 008l 09 017 Sl QW4 008 1377
BMC.2102lcm( |215% 1S5 SIS 0173 3% 001 0001 4604 338 (S1 0728 0S5 003 0B8 0 19 0B 42 0@s 0075 2134
30C21121cm 21596 158 395 0018 197 0012 002 00 OM 1B 028 0163 0WS 047 0022 03 002 1 0012 0.4 0.8
BOC21585cm (21596 155 552 008 245 0004 BEO04 0004 0941 29 086 036 0006 0 0002 056 0091 208 0017 004 0.8
SHC22130cm {1596 1601 LIT 006 0686 0001 SEO4 Q006 0129 03I 009 08I 0007 V04 0001 008 0009 O.4B2 0004 005 01487
COMP1-4 215% 1604 2% 267 778 1m6 2731 2838 2839 265 264 1726 2681 262 1T2 29 279 276 2193 2613 1ED
coMP14 V15% 1606 1S5 264 772 2T 26M 258 2609 26 259 2673 269 189 268 27 2™ ¥ 107 2578 27
SAB.1314lcm (2139 1609 135 036 0T 0003 0003 -0008 0265 0733 0138 0053 0004 0095 000 016 0073 068 0008 0012 019%
S1B-1 0.9%cm 2199 1ed 135 0043 104 0004 6BI4 4001 O 208 0I%4 0165 0006 0137 008 029 007 0955 0009 0012 06774
8-0C-230-40cm 21896 1&l6 737 0083 239 0002 6E04 0004 0207 0627 0398 008 0001 0397 0002 017 0017 199 0014 0.9 0.268
80C2045m 199 1618 376 0064 2@ 0004 0001 0007 LI48 3% 046 0416 0007 03% QM3 07 013 2 0018 0B2 108
8-0IC 2394k 21596 1621 291 0023 155 0001 IEO4 0001 0222 6.21 0173 005 001l OIS 0001 028 0048 161 00l 0014 0386
8-C-2323%m 21¥%  1&4 386 0007 192 0002 SE84 Q002 0266 421 0247 0058 0004 0792 00 029 0042 L7° 0012 0019 04577
8C2851lcm  |2199% 1677 29 0015 1T 0002 £E04 0007 0517 1 0257 023 0002 0391 005 02 00% 136 001 0019 0508
810C2 IG?IAIEAE“/I“ &3t 916 038 BB 0025 0.0 00iI6 7612 263 181 1613 0041 0344 0001 4 0735 795 0075 0.183 5586
$0B.10-5cm 2159 1634 16 0@ LIl 0003 3EO4 0004 0S4 204 0204 0165 0001 OIS 0003 03 0058 1 0005 0013 084
SMC22132m {2159 1637  $24 0073 29 001l -1ED4 0005 2483 421 0346 O0IST 008 0B 0 OB 0151 604 002 0.7 237
BMC223Zm@ (21996 160 166 0082 137 0006 6E04 0004 1454 23 010 0086 087 0103 Q0@ 0S5 00D 3% 0012 003 1M
8-IB-19-12%cm 2/15% a8 555 0632 614 0009 0002 0011 1449 485 0611 0812 007 08 0 64 039 416 0128 0052 1446
SSTRBLANKMDUP|21S96 164 004 0005 0012 IEO4 0 0006 0 0013 0011 0001 0 505 008 0B 001 o1 D 0008 00024
coMP14 2149 &SI 29 2T 281 2902 277 266 2652 26 265 2747 27T 264 277 29 @ 7’8 2196 281 29
STDIBLANK 7159 165 0@ O 0017 0002 0001 0008 0002 0019 001 O 0002 0007 O 004 Q00 0l YB04 9EO04 000
CoMP1 4 21¥9% 165 252 26 268 277 2657 1S4 219 1Y 216 2@9 2€5 261 264 28 266 266 2488 2382 27%2
E_MA 11996 17:02 2% 27 12783 2701 2994 2642 26 259 3Bl 2671 267 28 28 18 T 1349 2606 2771

109



[ICAPES data for bead samples analyzed ont 3/7/96 | | |

[Sampie Name Date |Time |Al As Ca Jcd  [Co  Jov Jow  ve Mg [Mn (Mo INa N 2 Pb__ |l Sr ™ |zo
STDI-Dinok 37/% [13:17 |0.06738 |-0.00733 [0.00128 |0.00109 |0.00171 |0.21623 [0.00109 [0.00342 |-4E-05 [0.00057 |0.00023 006052 |0.00409 |0.10566 |0.04228 [0.00704 [0.01814 [0.01714 [0.0018
sTD2 37196 |13:20 22308 [2.38004 |287097 157228 436314 [2.20128 Bt 193695 | 303347
sTD3 % |13:23 [220152 175166 lae i f1osm | o |

STDA. 1% [1326 161195 5.9989 — ows | s | | |

sTD8 319 |13:29 . B R

BLANK-STD 1 |39 (1331 |0 0012|0003 00003 00008 0006z 00006 10007 |0.008 |0 00002 l0022__[0001 |00z | 0007 [0022  oooss  lo.oeor _ j0.0006
1ISGS T107 379 [1334 0225|0003 |128  |001e6  |0.0139 |vo2s2  [00318 0046 229  |o.0s17 ootes {227 |oosi  oos  Jooes 413 |oost1  |ooo14  |00ses
(8GS T117 3% [1337 0068|0002 |234  |00022  |0.0038_ |0.0256  |0.0064 0496 [11.2  [02428 [00129 |19 0007 026|003 j631 02792 |ooo24 [o.2028
8-STRBLANK __ [371/9% [13:30 (0033  [0.008 0032 [0.0005_ |0.0003 00056 . |-0.008 l-0003 [0019 [0.0006 |00017 loo11  |0003  [o01  |-0019 |0.021  looooz |oooz2z o
$STRBILANK2 __ |37/9 [13:43 0004 [0.014  [0013 00005 |0 00071 _|00003 |000z 0013 |o.0coz [00013 0012 0004 oos |00 looiz  Jo 00014 [0.0006
8-STRBLANK3 _ |37/% |13:45 |-0016_ |-0004 [0.005_ [0.0006 | 00002 00113 |-0.0012 | 0005 [0009 |-00002 | 00027 | 0001 Jooo1  [003 _ |-0016 |ooor Jo ‘00011 |-0.0005
8.BEADBLANKI1  |37/96 {1347 (272 |o0002_ [0732  |0.001  [0.0007 00137 [0.0009 [0013 [0.146 [0.0078 lo0002 0433|0001 007 |ooos (0726  [00031 |oons |ooo13

{s-BEADBLANK12 _ [37/96 [13:50 [1.54 |0 0459 |-00002 |0 0015|0003 |oo11_|oo79  Joooss |-0003 {0074 |ooor 003|031 {0474 |oooze  |0.00ss [0.0006

8-BEADBLANK13 _[37/9 [13:53 [176_ [0.004  [0.508 | 00006 |-00002 0012  |0.0009 [0.01  [0.088 |0.0054 |00017 |oo83  |0004 |007  |0004 |0532  [00025  |0.008 00012

$-BEADBLANKI4 _[37/9% [13:55 [1.59  [0.005  [0.451 _|-00002 [0.001 (00153 |00003 |0.00s [0079 (00035 |00013 Joos2  |0001  |oo8  |.000s (0499 00027 |00068 | 00001
81181 8- 14cm 3% [13:58 165 [0.075  |0941  [0.0028 [0.0008 [0.0139 03992 |275 o167 |o.1261 00028 [0.437 0001|049 [o.161 [083  |00098 (00252 |0.7463
lsuptsa26em 3796 1400 (151 Joos1 o781 [0.0005 | -0.0002 [00126 |02649 [113 _ [0a71  |0.0s78 |000o7 o151 |-0002 [0.19 0085|0667 _ |00067 _ |0.0203  |0.5797
81IB12635m  |37/9 [1403 |161 (0142 [toz (00019 |o.0012 loo1s9 lodizs [3ez o215 [0.1197 (00054 loas7  [-0001  los2  [oiss 0988 (00106 |0.0298  [0.4673
SUB13S4lm  |37/9 |1406 212|047 [1.17  |0.0032 |0.0005 |00175_ |02964 3.1 0229 o164 [00041 |0196 0004 Jose o123 0955 loo1ts_ 00295 [0.500s
§1IC:230.80cm __ |37/9% (1409 [1.58__ [0015 |05 [0.0013 |0.0002 00133 o105 |o314 0105 |0.037 [00024 014 o001 Jo1 001 Jos46  [00042  |0.0093  [0.1354
SIIC.20.100m |39 (1412 (235 o062 (172 00033 |00007 loe211 [10m {37 lo3sz 03179 |oooss [o1s2 |00 [o75  |odis (159 |oovss_ |oo3a3_ 09210
slIB-GWS76M8  |37/9% |14:14 [0.158  [0991 (141 |0004s_ |001  [0.1623 Jooz49 |9 156 |39 o362 435 ooos |18 jooss [313 _ Josiza_ |oozie  |o.09s
SUAGWS 7698 |19 |14:18 [188 1279 367  Joon8  |o0s2s [02291 1061|223 |e32 486  |03428 |688  [0025 088  |0217 [394  [1208  |o.0we3  [2373
8.STRBLANKI _ 3796 {1421 [0012 o028 [0.10z_ |-00008 |-00013 00119 o 0s0Joouz loois2 looows ooy loooz |oos o9 foor7  looone |oows |00z
FLUSH4O%UCL_ |37/% 1423 [0179 | 0003|0038 |-00052 |-00144 [0.1113 [000s5 [0526 |0.105 00026 J0007 0231 o |o17  Jooar |03 |ooods |o0213  |o00s2
FLUSH 40%NCL__ |37/9% [1428 [0.034 0005|0015 |oooo2 |voor 00106 |0.0003 [00s9 o012 [0.0009 0.000s o 0003 |oos _ |0014 |00t Jo _ [-00oni |ovor2
FLUSH40BNCL _ |39 |i430 |-0004  [0.021  [0.008  |-00008 |-00007 |00149 (00006 [0072 0014 |0.0002 |-00014 [0007 (0002 f007  |001 [o0002 [ooooz [noon3 [ooois
USGS T107 39 [1433 (0238|0029 |1a8__ [0o19  |0.0143  Jo.0s27 |0.0335 0055 |25z |00ss4 Joors7 [249  |ooos Jon 003 |47 lootes  [oow  loams
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Labor. (bead samp Iculations worksheet
ali conceatrations for sample mass aad dil stioa factor)
Lab Dupl Lab Depl. Lab Dupl . Lab Dopi. Lab Dugl. Lab Depl Lab Depl Lab Dupl.
Sempls Name [IB-I8Sem  (B-108em  SCHAIB-ISi1lew  [B1812em  SCHGIAI012m(d) JAZ012emD) SCHOIC-10dlem MAC1Gilem %CHO [UIC1NGem [C1%0an SCHO|UBINAlew [BIMN4lcm %CHO |[UB28Scm HB108m HCHO|UIA18S5m  NIA10SSm  ®OIN
Anaivils duse | 172696 11696 V2656 12696 112696 112696 12606 12656 R 12696 2696 112696 126596 112606 12696 12696 V2650
Anslyss time |10:38 0o . 1047 n1e 1:33 n:s0 1@ 12 13:01 13:03 148 15:45 1428 15:51 15:28 1334
Al M9 1% 1w m 108 nus Jows [1}] s |09 8 n e 167 72 |at m 1621 B2 4 %38 |19 306 16
As BOL. BDL 8DL Jo7e 061 49 jou Q46 32 |eot 03 0L BDL BDL BDL |BDL DL 268 266 06 L
Ca (1] L1} 102 |os 1 164 133 144 1 |2 ns 52 202 ™ 06 [os B4 »y |us 83 n fue 153 47
Cd 0074 0.069 10 DL 0033 BDL DL oL D BDL. BL BDL BDL BDI BDL {BDL BODL BDL  |BDL BDL BDL [BDL 8N 8Dl
Co BDL BDL 8Dl [BDL BDL BbL  |BDL BDL BDL [BDL DL oL BDL. DL BDL |BDL BDL Bt [BDL BDL. BDI. |8D1 801 8Dl
Cr BDL BDL BDL [BDL BDL BDL }BDL BhL BDL |BDL BDL DL BDL BDL BDL |BDL BDL BDL  |8DL BDI. BDL |BDL BDL BDL
Ca 1“2 1z 08 |[es 66 20 |iss 18 12 o a os 09 os 17 e 13 63 142 141 04 |17 77 00
Fe 131 144 95 |02 S0 00 |ms o8 15 |ise 161 44 354 346 23 fss4 693 24 oo 00 00 |48 350 16
Mg s 1o 1y |41 62 ©7 o3 14 153 l1e 39 01 X 14 17 |ies [X]] s e 3 %08 |24 16 (3]
Ma 168 168 02 |es 64 03 |13 12 os |7 1] 20 0.41 04 03 Jlos 03 2 |os 09 s6 |23 13 1o
Mo BDL BDL BDL Joos 007 ne |oos BOL BDL {BDL 0L DL BDL oL 0L 8D BOL 8Dt |106 107 14 foor o 4
‘la u? 181 27 |40 43 s |77 79 19 f2e 15 18 20 20 s 1 s »ws 23 32 (LA b3 24 59
N BDL BD1 BDL |BOL BDL BDL  |BDL BDL BOL [BDL DL BDL BDL BOL BDL |BDL BDL oL o3t 03 79 [mot 8D1 8Dl
P 44 s 34 {i04 109 a1 a8 88 00 |40 a 24 9 21 0o he 13 ns s [[3] s 4 33 a“
1] BDL BpL BOL {10 10 2 1o 09 41 oz 06 (7 DL BOL BOL o6 os s0 BDL 06 BOL [o8 01 26
Si 81 20 n71 {81 18 LY ITY u3 a3 |ns 91 a 6.28 62 16 |1 n 940 |3 o 61 2 16 94
Se 008 008 83 jon2 013 73 Jon 014 a1 foow 010 37 0.1 01 09 Joos 010 %3 |o30 [XH 42 o2 012 30
Ti 017 (Y] w2 jo17 03 4 o 0.40 153 [ona 036 394 0.14 o4 oo foi4 040 w1 loas o 314 fon 04 109
Za 217 n7 01 ji123 12 10 Jus 13.7 10 js2 53 1.1 410 4w 071 |23 24 62 186 139 16 lo1 92 09
Lab dopt Lab dwpl. Lab dugl. Lab bl Lab dupl. Lab Dupl. Lab Dupl. Lab Dupt.
Semphs Name IBI2131em  183213lem  SCHAIBI113lem [B3113lem SCHGIBIN4lem  [BIJidlem  SCHOINR22000em UB-23030em %CHO  [IA-3213lem UA223%m SCHO|UCISSI10m 1ICISSI10m  %CHO [11CI 2630m [IC3 2030 SCHO|IA 3 145-32em  UIA2 143 32em  %C1K
Asalysls dute | 21696 V696 2696 e 2696 2656 2696 2696 26w6 269 21596 21596 21556 21596 25596 2159
Analyss thme {15:17 1519 15:14 15:21 15:24 15:26 15:41 15:0 16:23 16:28 10:38 14 1149 i 1413 1437
At 2 36 190 |43 $1 107 |50y 4 let 462 1 17.67 40 2 695 lo9y? 128 we (a7 362 01 i1 22 346
As 0009 0001 BDL |-0006 0001 BDL  f0007 0,009 BDL [0017 o019 BDL 0003 -0.008 BoL  |oois 0012 Bt oo 0033 BDL. joomw 0007 L]
Ca 182 L sS4 202 12 BnR |18 19 m |r;1 ) 030 (% -] 158 3n |osn 069 n1 o7 102 sos  |oeds 0768 189
Cd 00068 00051 sDL {00107 0.0089 DL foooss 0.0065 DL [ooor 00016 0L 0.0007 0.0008 BDL 00006 0.0007 BDL  Joo0e 0.0008 BDL. {00014 ool ant
Co 0.0008 00008 BDL {oooll 00013 BDL | 00018 -0.0008 BDL | 00004 ° DL -0.0023 0.009 BOL
Ce 00217 00193 BDL {00225 00309 oL |ooim o018 BDL |onst [¥.77] (L] 00188 0ol BDL
Cu 1022 1013 069 {1174 L» 02 fovm 07987 018 o458 [Y-"] on 0.171 o 064 lonTt 02102 33 0.1149 onm 15 fooo ooue 21
Fe 093 093 116 hos 124 1659 Jooss 0981 081 |33 33 0.00 0736 0% ‘oa Jom on 12 - 14 00 fouss L2 ] 36
Mg (R tis ose 18 29 sn o [1.]] 258 Josss 0352 36 0311 o313 064 jooms 0094 : 3 0.118 01w oL [o1w 0158 128
Ma 18 121 138 {2017 2024 033 fooss2 09739 108 foiss olu 054 Ll 00714 o041 |oosie LX) 4 0.0387 00408 45 fooIin 00194 e
Mo 00013 00003 spL. |-00001 o0n BOL | 00013 00079 BDL. {00044 00088 DL 00019 00022 BDL  |oooos 00083 BDL  [oool3 00086 BDY. {00012 00013 BDI
Ne L7 [k [] 2.4 19 FETI 1T 109 1 jost ot 000 0.36 0361 028 |ooss 0.423 BDL  [oo91 0133 B0L foums 021 82
N 0.008 0008 Bt foont oon 8Dt |ooos 0009 poi. jom 0268 (1} 0008 0,006 BOL  jo00? Q00 8oL Joont 0004 sl foour o001 Y
P 041 038 759 |0 0s 408 jou 0.8 435 lose 051 938 o 08 - 23 Jozs o 2000
Pb o0n 0023 BOL {0006 0034 BDL {000l 0002 BDL joo1s 001 BDL 002 0018 BoL  Joos 0.024 BDL o048 on BDL. |oom 0.004 B
Si 116 (N1} @ s 354 100 (12 2 165 (168 181 4 136 141 361 |oast 0317 173 josa oo as joa 0878 32
S 001 0.0098 s13 foor ool 1333 |o.0oes 0.009 08 [o0129 oo128 (%] 00111 o014 267 |oooa 0.0044 BDL {00046 00064 BDI. {0003 00048 BY
Ti 00195 00184 si0  foos 00788 1338 |oan? 00217 000 fooz92 oorm 453 00239 0024 02  [|oovss 0.006) 16 00074 00104 37 {oook 00078 a9
Za 1.9 1906 133 |3 303 o liss2 137 091 _loasn o4sa7 oo loa2 02114 018 _ o084 _L".'—-w 0153 sS4 lows 0090 24
Lab Dupl Lab Dupl. Lab Dupl Lab Dupl. LabDupl  Largest Statistics o8 p of afl lab y dupt 1bead P
Samph Name [1ICI 18230 NCI18-202) %CHAINB.| 20505 1108.1 305304 SCHO1IB-16%rm  1IB-10%em  RCUGCI N Mam NICINIdem [1CI W 34n %CHO
Ansbeh dute | 21596 1596 21396 21596 21596 21586 2113m6 1396 21596 STD.  MEANe #0F STD.  95% CONF.
Aselyss thme |14.48 14409 15:46 15:46 1613 16:34 (127} w082 1054 i MEAN DEV. STDDEV. DATA ERR.  OF MEAN
A 13 14 4 176 38 138 16 169 |19 228 wm LT Al $5.29 3437 10966 0 2% @
As 0081 om 13 jooss 0om ot fooss 003 BoL fooze 002y 00% 0L As .4 ne 1918 4 w180
Ca 14 148 00 [sn 3 03 104 [T} 68 o o™ o017 L1} Cam s uo 20 0  nst
Cd 0,009 00102 BDL 00030 0008 BDL  |0003e 0.0028 BDL {00023 00014 00017 DL Ce 704 NA NA 1 NA  NA
Co Co o
b Cr 164 NA NA 1 NA  NA
Cu 03405 08I o6 fiesi 1648 02 fosol 03741 07 Joom o0R23 oo os Ca 1 [T ) 0 nos 139
g 24 243 04 {586 £1Y 00 |20 204 0s {208 04 208 19 Fe 348 [T 77 » 032" 40
Mg 0.108 olos 00 i 103 30 Joi 0204 50 |oim [31}] o u? Ng 1232 %® 4 ] m Bw»
Ma 0.1454 01446 06 [os207 08194 02 ol 01684 08 Jooss 0039 008 00 Mas 332 70 1032 b 037 404
Mo 0 03¢5 00387 22 |oocoss oolm o |oooss 00014 BpL  {ooms 00048 00014 0L Me 763 1008 1768 4 33 Mw
Na 009 009 DL o3 03 30 Jowr 0135 91 fooss o oo L Ne 788 04 1833 16 om 92
Na 0.004 [] BDL. |oo03 0001, DL | 0003 0003 BOL [0004 0003 0008 BDL Naow e 2 a1 1386
\d 097 om 20 fow [} 34 0w L1 o1 . 13 P 1710 038 4 1 296 2%
Pd 0038 004 BDL 0.6 017 61 |oor 0058 BDL |oos 0063 0.058 BDL Pt 502 9 160 6 04 621
Si 218 218 0w s s 22 |osss 1 w6 |osm [ (1] 174 S 2936 31 W 2 [E I X1}
Se 00131 00151 00 |ooxnn 00237 04 Joooss 0.0087 23 Jooor 0008 |, 000T3° 43 Se 823 637 1160 17 0% 601
Ti 0006 00063 49 Joosze ooss s oo 001M 1no  fooos? 0008 00087 %0 Tilw MM 6613 ] (RIS TY ]
Za 0.7634 07534 09  Hin 1317 01 Jos7n4 06814 06 _Jowo1 031 02% 37 Za 1.9 200 3; 20 oM 202
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worksheet
Semphe dupl. Sanphe gl Bample dupt. Samyple dupl. Semghe dugl.
B-108m  SMI0Sm@) SCHG [KI0Bm  AISBam3)  SUHG [NIDIkm KIDBbkn@ SCHG [IAINS2Sm  DAIISAUSD  SCHG{UBISAnm ORI S4km (D  SCOHG
12696 172696 1269% 12656 12856 1265 12606 172656 1269 179
3] 1241 130 "y 1 1ns3 1z 214 1237 . 12e
Al 1T 94 24 s 168 @ |ws - s K2 |50 sos “ | 361 1 jas ns o4
As 4 32 12 |Bo 8oL Bt Jos oS 260 |BDL BOL BL  |BDL BOL s (Boo (.1 BIL
Ca 168 w 176 (s o’ w7 2y 133 % fa a7 us | [T 1”4 s % a
Cd [} o.10 B o ol Y] BOL DL Bt |POL oL BoL  |BDL [+ 8 ot [BDL 8oL L2
Ca [0 BOL Bt |BDL BIL s {BoL 0L soL |BDi BOL BL  |EDL BIL Bt [BDL [ Bt
Cr BOL BOL BDL  |BIX. BIL BOL  (BDL B Bt |Bm oL o |em L B |BOL BOL B
Cu 100 100 02 |2 s 3] 168 4 [ 1o 109 [ 12 [E] B2 |12 [F] ns
Pe 2] w 9 |11 13 (L 1 »s 124 e = % 137 u3 28 |70 57 m
Mg ] 52 67 |us i 4 54 o 163 9 52 ar e 18 o9 |23m3 11s0 L1
Mas 1% 14 56 168 168 00 66 13 93 33 29 08 04 o4 65 08 04 e
Mo 2] BOL. DL |BIX BOL B oo 00 10 oz 02 S0 {BOL BDL Bt DL BOL BOL
Na 4 a7 6 0 183 w 12 7 e o 4 P I 17 uo ju4 [} s
Ni (X} 02 s34 femm L B o BOL B8O {BOL BOL L leo BOL Bt feoe BoL oo,
r 96 2 86 |as 49 s |wo [ 186 {35 35 2 e 59 182 f23 20 2l
Pb 14 12 12 |eou [ s {io 10 34 17 15 s |soi: BoL o |BoL BOL [
Isi 2 6 14 Jus ns YT 7V ul 1 (3] 9 [ LI )] 54 502
Sr 02 01 ns oy o1 o0 for al wr o o1 s fo1 ol s
ul [ 2] (1] 19 |o2 o8 wr o2 [+ "o o2 oz o0 o2 o1 a0
E_l 226 280 12 123 138 118 67 .‘2 115 13 i3 49 14 12 134
Samgle dugt. Sumgle dogl. Sumgie dugl. Samgte dopl. Serespte dugt. Samgle dugl
Sempls Name  TIC-16.1bem DC138IMm (R  ROHG |03 18-Bcm OIB-3 185w} SCHG |DIC-1 11-38m  HIC-H1-38em D)  SCHG [IA-18-Dem IA1SDem)  SCAG|OAZ 118215 DAZ21353150) SCHG|OA22I%km (A3113%a ) S(HG
Aunivils dute 12596 12696 1696 172656 12656 12656 | 206/96 279 2596 20496 2696 2%
1243 1238 (15 1] [I3H) 1488 s 18 1417 1618 1620 1623 1627
Al 99 ns 2 |63 as %s |24 [ 324 7 25 J6s 198 ny |00 %6 us
As Bt 09 (%) L8 BDL BDU BOL .- B 023 022 BOL 001 ons BOL 00149 om® B
Ca 22 152 4 jos ] B2 [n2 w0 108 [ B n7 Jos 100 o8 oo ioe ne
cd B BOL X B BOL s |eo BOL w01 joom 00 oL fooms oomo BOL  fooms om0 oL
Co BOL BOL BOL LB BOL BOL BOL oL BOL o011 a.008 BL (o001 0014 BOL 001 0013 B
Cr -+ § BOL B BOL By BOL BIL - B - B Dm' [J ) e 00811 004 L 73 0093 008 6
Ce 4o s1 13 16 1 [ 8] 0.7 03 n 09 os Bt 449 49 21 1747 1 k2 0847 osm 11
Fs 154 160 35 |Io ™ 56 33 3 (1Y LT 28 [t 1006 (1] e ] 63 [isse ER ] 33
Mg 26 24 (R [T 32 wo iz i 187 |is 14 s as i 283 |ia 188 H2 134 (R ne
Ma 17 19 93 |13 ) 33 01 02 104 {04 o4 - 12y |, 249 174 foss [ 33 loseoz 03m “
Mo BOL L BOL o1 o1 a9 BOL oL B |eoc BOL [ oo oms L |ow2o o.mas BN | 0000 ool BDL
Na 24 24 13 s 22 w1 ir 3 100 {45 .“ [ Y 1536 ns iz 1% 7 i 2086 131
Ni BOL BTL 8Dt |BOL BOL st Jos 02 e e . 07 josw 0om s [oox oots oL [onza omssz BIR
4 @ @ % 128 151 4 BOL BOL |- T TP 0 o fasse 2600 35 f2en un L f2om e 59
Pb 07 o7 3 06 05 I} BDL. BOL L BOL - 9 43 0308 0263 BOL ow3 006 BOL Q009 o141 BDL
St 126 104 195 [12¢ 156 24 |53 % %1 a1 ] BOL  |s4%s un 37 [ m 1 femm 8301 208
Se © o1 [X] 57 |oa o1 120 joo o1 B4 o1 a1 112 foom 00m 280 jooss 0088 14 Jooss 0064 150
ul 02 02 10 02 03 510 01 (1} 36 0.1 ol n2 0160 013 1 0.1507 01474 2 0118 0137 e
Zs $2 59 123 |33 34 14 iy o8 p VI Y] 13 21 |som 6110 30 |isms 2075 93 |iom9 10601 33
e —: LA L
Sumple dupl Swnple dupt. Sumgle dogl Sangle dopl. Sasmpie dugt.
Sample Neme BA32I9%m DA222I%m(D) SCRG|HCIWINR  BCI IBIMD SCHO {UCIMN4kn UCIMIkmD SCHG [UICIMitem DICLMIUm@ SCNG {DIC212130m MC22Rem Y SCTK: Statistics on compiiation of all sample duplicates (beads)
[Amtvis due 2% 2% 196 21596 v1sme 21596 FU 21398 isne 2159 . MEAN+ soF STD. 99% CONT.
1627 g ) us 1438 1510 1551 1637 1680 MEAN DEV. STOEV. DATA ERR._INT.OF MZAN
%6 38 (1 1408 sy juzm; Iy 05 {20 na B 2w 15 um na e ] n 150 208
ome oL len (3] %2 [s22 :n wi lom ose s9s o (Y} BOL MM 2 nn . (Y]
109 e |1 s o4 |2eso 5% 244 fien " o0 s nn m s ne e ” L1
owio oL fooe 010 ny  lom 006 v Joou o0s s foos (] oL nD NA NA 1 Na
00136 BOL - et MA NA NA ] NA
oo e | BOL. WU 1 nn 3 s
o8 1 fsu se0 2 i 139 nmw jux 1506 I3 I 2] uea w“n ny wne ne ” 1]
e 33 20841 242 nz 20062 200.18 soa 6613 %0 ne 204 FLPH o LY Y 1) ” e
1 e Juw 18 [XTR IV ] 150 M 2% s us 1n [X7] un s 2% am n .o
[$33) o jin 145 (L T 136 w | 2 180t fom 016 apt. 43 2 e ” 238
o0l Bt f029 036 196 jon 030 5 |om on uwe |on 037 184 ns s e 1 12
206 (LN I [F1} 09 nm  fos 096 69 hin 19 89 |1 104 s e s o ” e
o012 B oo 000 L oo o (.1 me  [ooo am BOL . e PIE 2 2
196 s9 . . oy s nw 7 4 ur n 26
o B Jose 04 s Joss [T 18 s 14, 5300 Joms (X ] 0L s 1w 2t ] 141
2301 08 20680 2% s 986 lan pii) %n . NS nm | 3108 k3 1) et 1381 29488 n L 22
(7] 1no  |ox ols . 041 040 v jois ol - ue |02 012 11 ne s (2 ” e
o1y 144 010 00¢ “un 006 006 . 18 032 (L] BH |ole 01s 2% B3 138 nis ” )
Lom1 32 Jess a2 s lue 1308 $39 |16 1184 C_lex jile 1299 Jos4 D juu e [T¥7] " 841
— —— ancd e —
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CONCENTRATIONS ALONG BEAD COLUMNS (adjusled to ug/ g BEAI})

o |Mass  |Dilution |SW/Subs. |Colors on
Sample Name ___ apalyzed (g) Jfactor  |boundary |bead tube Al A G P [Pb S Zn
BEADBLNK1  [1/26/9% [1.0022 |5 b lwemaopy,  Joo [BDL 11 BDL. |BDL 0.024
BEADBLNK2  |1/26/9% [09939 |5 | |i- 1n__ [BoL |13 BDL [BDL BDL
BEADBLANK3  |1/26/9% 0999 5 | | 15 [BoL [34 BDL |BDL BDL.
BEADBLANKe [2/6/% [Lowre _—|s || 83 leoL j15 14 [BDL BDL
BEADBLANK?  [2/6/% [10m2 |5 - | 7 |a_jeoL_fwo 3 DL
BEADBLANK4  12/6/% j1o023 15 | | eoL In _{BDL
BEADBLANKS __[2/15/% [09%1 |10 S S fu_feoL_Da 0.0020
BEADBLANKY __ |2/15/96 10071 (10 I SR 11 [BDL |28 |o.0139
BEADBLANKIO  [2/15/9% s 1l T T s oL oo 0.0120
BEADBLANK 11 [3/7/% N 28 |BDL |74
BEADBLANK 12 [3/7/% | v 15 [BDL |as
BEADBLANK 13 |3/7/% _ N R N SRS 2 =T CF1
BEADBLANK 14 [3/7/9% 16 [BDL |46 .
IA1013cm  [2/6/% 10076 |5 3em  |07green [ |BDL [BDL_[BDL [45¢ [0 [BDL [273 |BDL {30 [sOL [26 leDL {BDL [BDL [BDL fo03
1A1132em |2/6/% |1 5 | |73white  f1e |10 [eoL [BDL [107 |78 [BDL |225 |0.10 [24  [BDL |99 [14 |BDL [0.082 [BDL 658
IA-12131m  (2/6/% 7 |5 | |132medred |18 |BDL [BDL [BDL |659 |15 |BDI |367 [BDL |37 |BDL |a4 [BOL [BDL [BDL [BDL |7.33
1A-1314Icm yg/ggmmm 5 0 7 laraiwhitelred |13 |BDL |BDL |BDL [437 [76 [BDL |298 |BDL Ja5 [BDL [17 |sDL [BUL [BOL [BDL [4.93

N IR | e b Bl white SN N D N S - S R I
1a2012em  |y2er9 1002 s |3em  [013green 37 [o4s 13 Jooss |78 39 |64 705 Joos |76 [BDL |90 Jo.97 [16 Jo128 fo.304 [133
1A21215em  [1/26/96 (tee2 |5 |~ li31slghired |60 12 J11__ 0081 [312 140 |30 |336 020 Js1_ [BDL |l0_ |12 |41 [0.108 [o.142 |158
iA21523cm " (y2e09% fLoow 5T T 1542 sed 105 [oa2 |96  [o054 182 210 [36 [377 Josi [a8  [B0L 64 [30  [59 looss Joser [129
1A-223335cm  [1/26/9% 109994 s | T 52 o1 {22 [BOL |09 |10 a6 [325 [o21 [54 [BDL36 fi6 24 o7 Jores 638
1A-233542m __ |1/26/9% [1om9 |5 o s o2 lee eoL lio7 o |38 |341 Joso |6 [BDL [31 |16 f16 oor1 |o.1e4 [6.13
1A30-10cm  |1/26/% 10033 |5 o0green 22 Joas Ju Joosr |178 |35 Jes [s18 eoL |97 [BDL |10 |11 |13
1A-31020cm  [1/26/% L0057 |1019%ightred |27 Joes 85 [0.063 [132 |75 [67 {767 009 [0 Joss |43 |11 |15
1A32031em *_ |1/26/% 05986 tuawhie [0 lBDL f88  Jooss 743 [s7 |0 o5 upi fio_[BDL [30_ JBDL 62 o
adarazem (1260% logwr » oL fvJebi jsae0 |56 fes_ [543 fbifer  fomo 22 [moL a1 fode
1B-1 05 cm 219 Josorz s | . fo_eoL o5 foorsiu3 f1a o lies [e0L 15 febL Jae JubL f12 foost Jo2ss |27
{B-18-12¢m 1/26/% |1.0008 5 Zem |05 green ~fe6 oo |0 foosafer2 {so |51 ess fooe fa1 |epLfi0 fio {13 Joa22 lo2ss 122
1B-112 1bem 1120/9 (10025 |5 | |s9vlightgreen f13 [BDL J72 [BDL f145 a8 |20 125 |oDL. [25_ " [BDI 21 [BDL 45 f0054 o124 |39
1B-116-21cm 1126/% [099% |5 Pustightred N7 JBDL_ |51 (BDI. Joss1 |18 |14 [0645 [ADL |6 [BDL |19 JBDL |1 0038 Jo1os 237
1B-122-12cm 1269 (09977 5 ns415whic  fa4 [BOL_[76  [BDL 30 f26 |25 o3 |ubi 23 {BDL 21 fubL 67 Jooso jora 1329
1B132415  (1/26/% |10 |5 29 |eoL [s7 fBoL [3e4 72 [30 182 [Bon [34 [BOL (23 [BDC |69 [0.066 f0.185 328
1B-207.5cm  [2/6/% |10 |5 12em  |012 green  [BDL |053_ [BDL [BDL |121 |29 [BDL [373 [6DL |28 |BDL [49 [071 [BDL [0.107 fo.198 {121
1B-27.5-12em  [2/6/%  |0.99%5 5 1242 white BDL [056 |BDL |BDL |129 |33 8oL [385 [BDL |30 |BDL |60 [0.94 [BDL |0.121 |0244 [107
IB-21216cm  [2/6/% |10054 |5 T BDL [BDL_[BDL [BDL [437 (67 [BDL [329 [BDL |12 |BDL [19 |BDL [BDL |BDL [BDL 15.66

25em  |26/9% Josms s [T BDL |BDL |BDL [BDL [3.38 |33 |BDL [321 |BDL [+0__ |BDL |17 IBDL [BDL |[BDL |BDL |4.82

1B-222-32cm 2/6/% 10039 5 BDL [BDL IBDL |BDL Jt97 |23 [BDL|199 [BDL |36 |[BDL |12 lBDL |BDL [BDL [BDL [3.49

ell




i Date  |Mass Dilution |{SW/Subs. |Colors on N 1 T T 1
ample Name Analyzed lanalgg {g) |factor boundary [bead tube 2 g_,_SH lge Mg |Mn |Mo |Na LP Pb i |Sr Z
!m-zaz-mm 2/6/9 09956 5 IeDL jeDL [BDL |BDL [290 |65 |BDL j1.88 |BDL |39 [BDL |17 IBDL IBDL 'IBD BDL 336

L ] o o | ' .
IB308em  |2/6/% |1.0073 5 llcm  [08green DL [BDL {BDL |BDL [789 |19 |65 |726 [eDL|s1 |eDt {37 [eoLepv|eor [spr h2s
IB-38-11cm  [2/6/96 _ |1.0068 5 810 light red [soL fBDL [BDL DL 661 |33 |74 Jsis |epL|u  epL 29 [BDL |BDL [BDL |BDL |139
1B-311-21 cm 2/6/% _ [1.0000 5 1041 white [eoL [epL oL [epL |sss |57 |12 ji01 |epr|i2  [epL25 |epL |BDL {BDL [0.238 161
IB321-31em  [2/6/9  10.9944 5 BDL |BDL |BDL |BDL |512 |47 |60 |6as |BDL |90  [BDL |20 |eDL |BDL [BDL [BDL |9.64
1B-331-41cm 2/6/%  0.99%6 5 BOL [BDL_[BDL (BDL f400 [49 |51 492 |sDL|s4 |BDL |22 [BDL [BOL [BOL [BDL [7.75
1C-1 0-8cm 1/26/9 |0.9973 5 8cm  |08greenwithred |21 |048 |91 BDL |555 (18 |26 [198 DL 20 025 J36 lo71 [s.4 o.075 Jo238 679
ic1811cm 1/26/% [0.9958 5 streakontube |21 058 |11 {BDL [265 [30 [42 {481 [BDL[37 073 [s0 [11 |74 o094 |0.174 [s.04
IC111-30cm 1/26/9% |1.0028 5 8livlightred (18 |BDL [80 [BDL 449 f76 |41 [352 [BDL a9 034 |23 048 [44 Jo.060 J0.137 [9.84
fic1 3042cm 1/26/% 09982 5 11-30 white 23 |23 |13 [0a23 |180 300 [38 646 Jo4a3 |44 |16 Jao |12 181 {o.268 [o.179 219

o 30-42 med. red
IC-2 0-14cm 1/26/9% 09999 5 4em . [0-14green 16 Joaz |12 [eoL f712 |19 29 [304 JeDL[20 Jo55 Jao Jo7s [9.3 |o.oss [0.228 105
fic-215-18cm 1/26/% 09973 5 1418 Lgreen/white [54 062 [13  l0.049 {889 27 |52 {356 [BDL |38 023 |43 16 13 Jo.117 Jo.aw [
Jic21832¢m 1/26/% 09976 5 1832med.red |27 140 |15 0108 100 260 |50 [7.64 035 Ja6 o1 |30 f13 [0 0.230 Jo.1s8 |21.220
C2324lem  [1/26/9% |1.0031 5 3240 white/ v.l.red 14 "{BDL 68 |BDL'|275 [70 [21 [169 [BDL |28 It” 24 |BDL [3.8 lo.ow 0119 |329
IC-3 0-9.5cm 1/26/9% [0.9964 5 95cm_ |0-95 green 25 Joas [io [eoL |759 |0 |27 253 DL |33 fos2 |38 Joos Jo4 Joos1 Jo.210 [s.02
1C395-21cm |1/26/9% |1.0043 5 9.521 v. Lred 33 [BDL |71 |BDL [a54 |4 |21 [130 |BDL |22 020 |22 |BDL [6.1 [0.050 |o.178 [2.61
IC-3 21-32cm Y26/9% [10002 |5 21-32 med.red 56 DL Js2 |BDL 554 |66 |28 [103 fou |19 Jo29 |23 [BDL |15 Jo.o47 J0.253 [3.84
{IC-S 32-42cm 1/26/% |1.0083 5 3242%ightred (30 [BDL le0 DL [472 |27 |26 |162 [BDL |27 Jo32 18 [BDL 72 }0.042 0.171 [340
I!!é-l 0-10.5cm 2/6/%  [0.9928 5 155cm  [0-10 darkgreen  [BDL [BDL |BDL [BDL 422 |10 |BDL[1.30 [epL [BDL |BDL |30 [BDL [BDL [BDL [BDL [3.61
11A-110.5-155cm _ |2/6/9%  |1.0030 5 10-155 green BDL |BDL [BDL [BDL 291 9.2 [BDL |0.880 |BDL |BDL [BDL |29 |BDL {BDL {BDL {BDL [2.12
IllA-l 15.522cm __ |2/6/%  [1.0004 5 15.520.5 Lgreen [BDL |BDL |BDL |[BDL [311 |63 |BDL o612 |eDL BDOL |[BDL |24 [BDL [BDL [BOL [BDL [1.79
lI1A-122533em  [2/6/9%6  [0.9999 5 20.542 white BDL [BDL DL IBDL |298° |55 |BDL |0.616 [BDL |BDL |BDL [25 lBDL {BDL |BDL {BDL J4.6
1A-133-42cm  [2/6/%  |0.9983 5 DL [BDL |BDL [BDL f112 [34 [BDL [0410 [BDL |BDL |BDL |23 [BDL fBDL {BDL [BDL [2.17

b _ _ JURNNS TR T N A

2/6/9% [09974 |5 |135cm 0135 green  [BDL [BDL |BDL [BDL [475 |17 [sDL [182 |BDL |8DL |BDI |50 [8DL [BOL [BOL |BDL [4.12
HA211-135em  [2/6/%  |0.9997 5 [13.542 white BDL [BDL [BDL |BDL [235 |99 [eDL |o7so [BDL {BDL |[BDL {34 |BDL [BUL [BDL [BDL |2.54
WA-213.5-215cm  12/6/% 109988 |5 S I {BoL DL DL BDL |182 76 |BDL Jo.6s8 JBDL |BDL DL |28 |BDL [BDL [BDL [BDL 198
A-22232cm _ |2/6/% [10092 |5 - ___ BDL [BDL_[BDL |[BDL Jos4s |37 |BDL Jo3es [BoL |BDL [BDL |21 |BDL |BDL [BDL [BDL |[1.08
A-23242cm_ |2/6/%  |0.9929 5 1o BoL [ept_{BoL [BDL fo7es Je4 [BDL Jo.3ao feDL f8DL [BDL |20 |BDL [BOL [BDL [BDL J0.95
IA-3085cm  |1/26/9% (10013 |5 85cm  |085 green 103 o2z |11 [BDL 659 |23 [41 |14s |BDL |16 B0 |47 Joes |20 0094 Joser 561
11A-38.5135cm  |1/26/9 |1.0083 5 8.5-13.5 red 35 |21 |0 |BDL |484 [0 |22 |181 [038 {15 |[BDL |20 |o.ss |21 fo.274 o178 [5.18~
11A-313.52L5cm__ |1/26/% |1.0005 s 1 13.541 while 37 |spL [so  fepL |116 |13 |17 Jo43 |BDL |16 [BDL [42 |BDL |66 J0.069 |0.158 [1.31
11A-321.5-295cm__ |1/26/96 [1.0009 5 31 |eDL_le5 |8DL Joo41 |38 15 Jo2es |BDL |15  |BDL |21 |BDL [5.5 Jo.048 |0.139 |1.92
11A-33041cm 1/26/% |1.0043 5 2 |spL Je7  |BDL J133 37 |13 Jo3zs |BDL |14 |BDL |24 |BDL |56 [o.050 Jo.146 [152
| |

11B-1 0-cm 1/26/96 [0.9996 5 8cm 0.8 green 16 oL [0 |BDL J48s |16 |19 [162 |epL 16 019 Ja1 foss [8.4 [0.083 fo192 5.3
|r1B-1 8-14cm 3/7/9 _ |0.9967 5 814vlightred 117 (075 [o4 [BDL [401 [27.59]168 [127 [BDL 137 IBDL J4.92 [162 [8.3 0.098 J0.253 [7.99
[11B-1 14-26cm 3719 |1.0014 5 14-26 white 15 los |78 [BDL f265 11280171 Joss |eDL[1.51 {BDL [1.90 |05 J67 [0.067 J0.203 [579

xipuaddy

141!



x1puaddy

§i1B-1 26-35cm 3179 | 2641 light red 16 [141 [10.14 |BDL Je.0 (3598 ]2.14 [1.19 |BDL[156 |BOL I5.17 ]1.87 [9.8 [o.105 }0.296 [4.65
1 Date  |SW/Subs. [Colors oa : ' 1
lm.us-na- 317/% 2t {177 |1176 |BOL J298 Q3115 117 FDL 20 IL 462 [1.24 {96 I0.117 {m lw
fup-20-7cm 2/6/% |7cm  |0-6green |soL IeoL |eor jepr [s23 f1s  [soL]i7s {spLiBDL |BoL [44 [BDL {BDL fBDL [BDL 479
Ji1B-27-12cm 2/6/9 68lightgreen  [BDL [BDL IBDL [BDL [830 |21 {8pL J153 |BDL [BDL o6 ]46 |BDL |BDL jBDL [BDL [4.51
JiB-212-195cm  [2/6/% '|8-40.8 white lsbL |epL |epL IepL Jass |21 |spL {134 DL |BDL 136 37 |epL |BDL {BDL jBDL 333
JiB-2 20-30cm 2/6/% {eoL |eoL [BDL {BDL {213 16 {BDi lo923 jeoL {BDL (138 [27 [BDL {BDL [BOL {BDL ]229
JiuB-230405m  [2/6/% __|eoL {nm {sDL %nm. 0922 |31 [BDL Jo334 {BDL IsoL [BoL |16 |BDL {BDL {BDL {BDL [1.26
J11B-3 0-7cm 1/26/96 [105cm  [0-7 green 2 029 |10 oL |396 Ju |27 [149 [BDL 34  [BDL [43 {053 198 Joor9 fo.190 [426
JIB-3 7-15em 1/26/96 7-9 v.light red 23 o8 127 iDL j409 [z1 |22 |1e1 [BDLj26  [BDLf41 {12 f10 Yoa02 jo.72 ua
hiB-315-25cm 1/26/9 941 white 16 |BDL |78 DL fr44 |70 15 fo3s2 [BoL{21  [epDL]29 [eDL |60 lo.0s8 jo.170 J280
JiB3 2541cm 1/26/9% - 7 Ism Isa .ﬁiBDL 1.8 |64 |18 Joam {nm. 20 [spL|22 [sDL 173 {o.062 jo.191 [1.27
| 1/26/96 [15cm  [0-11green 50 Joz i3 [epL |ess 16 30 f179 [DL[25  [BDL 41 jo67 [14  Jo.098 Jo.276 [s.44
Jiic-111-20cm 1/26/96 1130 lightred |29 |10 112 IsDL 582" |63 |25 236 Joos 19 [BDL |65 [22 [15 jo.106 Jo3rs |se7
Jiic-1 2030cen 1/26/96 30-42 white 53 oo {14 |sDL |19 [ 26 (130 Jo13 [20 [BDL[10 061 j14  fo.141 Jo.250 f360
Jiic1 3042em 1/36/9 17 [sDL [80 IspL loss |as fi1e Josor JBoL 20  [BDL|2  ]BDL J62 f0.054 Jo.144 [s.08
Jnc2o045m 2/15/96 19 Jo32 |12 ool [ss0 J18 J22 J210 [BDL|18 |BDL |39 052 10 [0.093 Joa62 549
Jnc24585cm 2/15/96 {28 Jo2¢ h2 [eDL Ja7a |15 ]22 [181 |BDL |24 DL |28 Jo4s [10 o088 [0.172 406
hic2ss1icm 2/15/96 |85cm  [0-85 green J20 |eoL |11 |soL [ass | [17 |iso [epL]26  [epL]20 [eDL |92 Jo.e70 J0.126 [338
hc211-210m 2/15/9% |8.540 white 20 |epL [o9 " [BDL |246 |77 |15 Joses |epL{24 |epLis [eDL |79 Jooe2 0122 [241
fiic221-90cm  [2/15/9 12 [eoL [69 [eDL |1.29 J4o0 Jo.90 o390 |BDL [BDL {BDL |BDL [BDL |48 [BDL [BDL [1.49
Jiic-2 30-40cm 3/7/% 16 |eoL |65 oL 101 [a1 J11 jo37 |eoL[14 . |BOL [BOL [BOL |54 Jo.14 o090 [1.34
. J -
 Jucaocasm 2/15/96 [85cm  [085cmgreen - |11 Jo42 |13 [eoL Js12 |25 |s7 oz [eoLjis  |epL{s0o o9 {7 Jo.11s Jo3s2 [9.39
f11C-38.5-10cm 2/15/96 8510ecmwhite  J14 |BDL |75 |eDL |22 |s9 |12 Jooso |eoL {13 |DL a4 [BDL 6o {BDL Joos [245
IIC-310-20 cm 2/15/96 1020cmmedred 5 [81 15 - Je0L 536 |230 |11 i Jod 10 BOL |epL 21 {BOL Joo? 7.1
[11C-3 20-30com 2/18/9% 20-30 cm Lred 23 oL |7 leou J113 Ji¢ 11 josss [BoL iDL [BDL J36 |BDL J68 Jo.150 foos 158
1IC-3 30-34 cm 2/15/9% 0-Mcmwhite {18 |BDL |73 |eDL Jos2s |1 |12 Joass |BDL IBDL [BDL |71 [BDL |59 Jo.0s3 Joos 286
11C-$ 4-41cm 2/15/9% 3441 cm red 13 zs“]lsm, 168 210 15 Jiso Joo JspL |BDL IspL J10 o410 Joos |14
[1HA-1 0-55 cm 1/26/9% [8cm 055 green 7 oL _[is IeoL pes fs5 J2s {229 foor 23 DL a4 o7 |5 Joss fo226 fo.nn
I0A-1558.5cm  |1/26/96 - |ss8brightred |7 [21 18 |BDL |516 330 [18 [106 Joso |20 [eoLl6s 10 P31 o209 Joars |n22
A1 8-14cm 1/26/96 342 white 33 oL |11 ieDL [o9ss |36 [1s o209 [BDL |23  [BOL |BOL |BDL 97 Jo.o71 Jo.132 239
111A-1 14-25cm 1/26/9% 2 [eoL |0 IsoL Joses {33 14 lo1vs [BOL 20 DL [BOL |BDL |85 {0.066 Jo.118 238
11A-1 2542an 1/26/% 23 [spL | TepL Joser J3.1 |14 fo207 jeDL 20 }eDL |BOL [BDL I8:6 }'o.oss 0.121_[2.13
111A-2 0-9.5¢m 2/15/9% [93cn  [095 green 15 [epL 10 [spL Jese s hs fiso lsoLfi9 ]eoL |pDL J9.1 [o.087 {0138 |549
10A-295145cm  [2/1579 95-143brightred |13 J059 o2 - |oDL 368 hoo |15 Jossa Joso |17 [BOL |soL 24 Joa1o foos 594
1H1A-2145-32¢m  |2/15/96 14.542 white 18 oL |70 |sDL Joa? }48 N1 Joasa [spL 20 {eDL |eoL]s0 [OL Jo.06 Jooe3
DA-23242am- [2/15/9% 9 }nm. }u~ BDL }om 21 |14 Joasafeor 21 |eoL |BDL [3.4 [BDL |BDL [o724




[ Date  |Mass Dilation |SW/Subs. [Colors on | |
Sample Name Analyzed Ianalxud () |factor  |boundary |bead tube Al |As G Cd |Cu |Fe Mg IMa Mo [Na INi |P |Fb i |Sr |Ti Zn
IIHA-JO-ZScm 1/26/% |0.999%0 5 Hem |07 darkgreen |19 L |12 |epL 561 [i6 [22 152 [DL[15 |BDL[32 jo.61 10 fo.088 [0.170 5.22
lina-37511em  j1/26/96 [too1s |5 ~ lznightgreen 20 |epL |12 [BDL 410 |11 |18 0865 |BDL [27 f360 [21 |[BDL |o.5 fo.075 fo.142 473
111A-3 11-15¢m 2/15/9 [0.99% 5 B 11-15 red 12072 |78 [BDL |477 |60 086 [0.461 Jo.09 |10  |BDL 055 [8.7 o.0s4 o |46
111A-315-21.5cm _ {2/15/96  [1.8016 5 1542 white 18 |BDL |53  [BDL f165 [47 |12 [o2u1 {BDL f14  |BDL |22 [BDL [42 |0.043 Jo.100 [4.98
11A-322-31.5cm  [2/15/96  {1.0074 5 21 oL |82 [BDL f113 |19 1.3 o218 |BDL f16  [BDL BDL [6.3  |0.054 0.109 3.04
IMA-3315-42cm  [2/15/% [1.0016 5 17_|spL |68  [BDL [0.882 [1.8 o9z o129 |BDL [11  |BDL BDL [5.6 io.oas 008|147
o |
IMB109cm  [2/15/9 |0.9%5 10 125cm_ |0-95 green 15 oL [ oL Js74 [0 |20 Jies [BDL |14 [eDL|3  [BDL [9.8 fo.086 [0.127 f6.82 |
111B-1 9-12cm 2/15/9% {10021 5 9.511 red 8 |32 I3 [eDL 972 240 30 [s05 Jo3s J24 [BDL 30 |12 |21 [os16 fo.258 |7.21
i11B-1 12-20cm 2/15/9 [0.9946 5 1141 white 22 |BDL Jo4 [epL J123 [s0 |15 o324 [BoL f24  [BDL |BDL Jo.25 |75 Jo.o70 fo.108 |1.10
I11B-1205-305cm _ |2/15/96 |1.004] 10 170 {068 |31  |eDL (164 {58 [10 {518 [BDL |30  |BDL 10 |16 [s0 lo.237 Jo835 [132
1IB-13141em __ |2/15/% |1.0004 10 13 [BoL |73 |epL 26t |76 [14 ose7 |BDL oss |sDL |2  [BDL |64 %o.ou Jo119 156
B _ |
{111B-2 0-8cm 1/26/9% 0.9%18 5 Ocm__ |0-8brightred 55 |27 |4 |DL 141 [700 |25 080 f11 J3o 032 |20 [o42 fe6  |0.310 fo.188 188
[I11B-2 8-18cm 1/26/% 09992 5 (top 12cm|[8-29 white 25 |BDL |11 |BDL |0.693 |49 [16 [o.165 [BDL [18  To.28 [BDL [BDL |90 [0.061 f0.148 |1.13
[11B-2 18-29cm 1/26/9% [1.0012 5 chopped off; 19 |BoL |91 [eDL Josis [3.3 13 [oas2 [BDL [16 o6 |BDL [BDL [6.5 Jo.050 [0.103 Jo.s20
o all subsurface)
1B-304cm  [1/26/% 10077 |5 9em 025 red 7 |14 |18 [BDL |s63 [120 |21 [139 Jo1s [25  [BDL f10 |11 [17 Jo2a1 foam1 Js.is
111B-3 4-9%cm 1/26/9 [1.0013 5 2.541 white 24 |eoL J11 [epL {302 |70 |17 [o3s2 [DL |24  [BDL |15 |o.56 [9.0 [0.090 [0.167 426
IMB-39-21cm 1/26/9 |0.9926 5 20 oL 1o [eDL J193 |56 |14 |o3ss [oL |21 [BDL |15 Jo4e 7.8 Jo.o78 [0.128 1464
111B-3 21-30cm 1/26/9 _|0.9982 5 28 oL |n |eoL-|ses |57 |18 Jo2es [BDL |17 [BDL [14 059 {91 lo.079 [0.173 [a.44
111B-3 30-41cm 1/26/9% 10026 5 17 leoL 12 [epL |170 62 |42 Joar7 |BDL 21 |BDL |12 o6 J14 Joosy Jo271 f2.33
R | - -
11IC-1 0-8cm {112619 [1.0014 5 95cm  [08greenw/red 30 [BDL |16 [BDL [358 [13  [3.3 [159 [BDL |72  [BDL 1.9 Jo47 |13 Jo.108 J0.195 J4.93
§HIC-18-11cm 1/26/9% |0.9977 5 streakontube |25 |19 |20 [BOL Jaeo 200 |21 [247 Jo31 J30  [epL 2o o1 [21 fo.273 Jo.16s f10.1
hnc 11-28cm 1/26/96 10051 5 811red 20 oL 1 |BDL Josed [3.1 115 Joara [eDL Jas  [BDL |11 |BDL |75 l0.065 |0.106 |2.79
Emc-: 28-42cm 1/26/9% |1.0056 5 1142 white 17 _[epL Jw DL o727 |22 |15 [o4vo {BDL J65  [BDL Jos [BDL |67 J0.063 |0.104 |1.84
| |
FI1IC-20-10 37/% 10016 10 30cm  [0-21green 23 oL 17 IepL f108 |37 |35 [317 |epL]18  [BDL |75 [1.14 |16 Jo.140 J0.340 [9.26
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Bead Column IA-2
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As Cd Cu Zn Mg Mn
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Bead Column [A-3

As Fe Mo Cu P
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BDL or insignificant trend:
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Column length

Column length
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trends:
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Appendix
Bead Column IB-3
Mn Na Zn
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BDL/ No significant trends:

Al, Ca, Cd, Mo, Pb, Si, Sr,
Ti

120



Appendix 121
Bead Column IC-1

As Cd Cu Fe Mo
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Appendix
Bead column IC-2
As Cd Cu Fe Mn
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Appendix 123

Bead column IC-3
Cu Fe Mn P
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BDL/ No significant trend.:
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Appendix
Bead Column ITA-1
Cu Fe Mn Zn
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Bead Column ITA-2
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BDL/ No significant trend:
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Bead column IT1A-3
As Ca Cu Fe Mn
0 0 0 0 0
10 - l’%“ 10 — i 10 - 10 10
S
3 i
= 20— 20 20 20 20 -
N
N
=
S 304 . - _
S 30 30 30 30 30
40 40 40 40 40
TT T T T 1 T T 1 ] T TT
O N LV 0 w, =t —
QNG wg:gm o =T \O 00 o%%(g’ 220{
ug per g bead
Mo P Pb Sr Zn
0 0 0 0 0
3R]
10 a, 10 - be{ 10 kd4] 10 10
.S |
Y
=L
220 A 20 20 = 20 .20
S
Iy
=
< 30 - — 3 30
S 304 30 30 0 30
40 40 40 40 40
rrii TrTt TTHUH LI P
s el s’ nonon VIO 00— ot AT o
ccocoCcc ——ON cocoos cocCco
ug per g bead

BDL/ No significant trend:
Al, Cd, Mg, Si, Ti
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Appendix
Bead column IIB-1
As Cu Fe Mn
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BDL/ No significant trend:
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Bead Column IIB-2
Cu Fe Mn
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BDL/ No siginificant trend:
Al, As, Ca, Cd, Mg, Mo, Na, P, Pb, Si, Sr, Ti

Bead column IIB-3
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BDL/ No significant trends:
Al, Ca, Cd, Mg, Na, P, Si, Ti

127



Appendix Bead Column IIC-1 128
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Bead column IITA-1
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Bead column IITA-2
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BDL/ No significant trends:

Al, Ca, Cd, Mg, Na, P, Pb, Ti
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Bead column IITA-3
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BDL/ No significant trend:
Al, Ca, Cd, Mg, P, Pb, Si, Ti
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Bead Column IIIB-1
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BDL/ No significant trends:
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Bead Column I1IB-2
Fe Mn Mo
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Bead Column IIIB-3
As Cu Fe Mn
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BDL/ No significant trend:
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Bead Column ITIC-2
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BDL/ No significant trend:
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Bead Column IIIC-3
As Fe Mo Pb
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Comparison of solid and dissolved phase metal ratios in the surface water:

(mean values)
IN SURFACE ON SURFACE WATER
WATER (mg/L) BEADS (ug/g bead)
(Dissolved phase) (Solid phase)
SITEI SITE SITE ALL SITEI SITEIl SITE ALL
11 11 SITES HI SITES
a/Cu 352 392 337 358 1.2 2.2 2 1.8
a/Fe 293 288 313 296 046 065 0.7 0.58
a/Mg 46 46 46 4.6 25 4.1 581 4.3
a/Mn 61 55 54 58 27 64 813 6
a/Na 4.8 2 2 3.6 3 5.5 6.9 5.3
a/Zn 74 82 & 78 1.02 2.2 2.1 1.8
e/Cu 192 1.5 1.6 1.7 24 3.2 34 2.94
e/Mg {0.02 0.02 0.02 0.02 5.2 5.7 102 7.06
e/Mn 036 0.21 029 0.31 58 99 133 9.44
e/Na 001 0.01 001 0.01 [6.2 82 8.7 7.4
e/Zn |0.43 0.29 041 0.39 22 35 3.4 2.99
u/Mg 0.01 0.01 0.01 o0.01 2.1 1.8 2.9 2.3
g/Mn 113 12 12 13 1 1.7 1.5 1.4
n/Mn (083 067 063 0.71 2.5 2.9 3.8 2.99
a/Cu 164 196 155 170 0.5 044 031 0.41
a/Zn 37 41 39 39 04 044 031 0.39
u/Zn 021 020 022 0.21 0.9 1.1 1.02 1.01
n/Mg l0.0G 0.06 0.06 0.06 2.4 1.8 2.8 2.4
uw/Mn 0.17 0.14 0.17 0.16 23 3.2 3.9 3.1
a/Mg 2.11 230 210 2.2 1.1 0.8 0.8 0.9
n/Na {0.19 0.04 0.04 0.12 1.1 1.0 09 1.01

This table was used to find the sequence of preferential precipitation in the surface water,
which is found to be Fe>Cu>Zn>Mn>Na>Mg>Ca.
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