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ABSTRACT

The Joplin subdistrict, within the Tri-State Mining District (TSMD), was a major producer of
lead (Pb) and zinc (Zn) ore between the 1880s to 1920s. Metalliferous mining wastes are still
stored in the channel deposits of local streams raising environmental and health concerns. This
study quantifies the volume, sediment size, and metal concentrations in channel bed, bar, bench,
and chute deposits to quantify the spatial variability of contaminated sediment storage in Turkey
Creek (119 km?). Sample reaches (n=14) contained metal concentrations elevated above the Tri-
State Mining District specific probable effects concentration at every site with mean
concentrations in fine sediment (<2 mm) ranging from 229 to 996 mg kg™! Pb and 4,946 to 5,819
mg kg! Zn. Mean concentrations in powdered coarse sediments (2 — 16 mm) ranged from 60 to
86 mg kg! Pb and 1,660 to 2,488 mg kg™! Zn. Metal contamination levels were typically highest
in the fine sediment fraction with the greatest metal concentrations observed near mining
impaired sites. Regression modeling using distance downstream estimated that 127,000 kg Pb
and 2,160,000 kg Zn are stored within a 18.8 km main channel segment of Turkey Creek. Fine
sediment represented only 19% of in-channel sediment but stored the greatest mass of metal for
both Pb and Zn representing 61% and 52% of total metal storage, respectively. Bar deposits
stored the most Pb (69%) and Zn (74%).Volumetric storage of contaminated sediment (m*/m
channel length) was positively related to active channel width (R? = 0.97), bankfull width (R? =
0.96), distance downstream (R? = 0.74), slope (R? = 0.70), average bed depth (R? = 0.68), and
drainage area (R? = 0.83). These geomorphic variables can be used to estimate the total sediment
volume and mass as well as metal mass by reach for Turkey Creek. Metal concentrations and
storage rates are still relatively high below remediated mine sites in the main channel and some
tributaries.

KEYWORDS: mining contamination, Tri-State Mining District, sediment storage, metal
storage, lead, zinc
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INTRODUCTION

The effects of mining contamination on the environment are well documented throughout
the world (Swennen et al., 1994; Nriagu, 1996; Lee et al., 2001). The processing of ore generates
large amounts of mineral waste which typically contain high residual metal concentrations with
grain sizes ranging from clay to fine-gravel (Wright, 1918). Processed wastes are stored in
tailings piles and subsequently released to streams via weathering and erosion where it becomes
mixed with natural channel sediments. After being deposited in channel bar deposits and
floodplain soils, contaminated deposits can become secondary sources of contamination as
remobilization occurs over time (Wolfenden and Lewin, 1977; Bradley and Cox, 1986; Moore et
al., 1989; Walling et al., 1998; Miller and Orbock Miller, 2007; Davis, 2009). Further,
contaminated sediment stored in channel deposits can pose a toxicity risk to aquatic ecology and
human health (Luoma, 1983; Dickson et al., 2013). Heavy metals have lasting environmental
impacts due to their long residency time in fluvial systems and the potential for uptake and
bioaccumulation of toxic metals into flora and fauna (Skidmore, 1964; Beyer et al., 2004). Many
studies across the world have focused on the spatial distribution and storage of contaminated
mining sediment (Kim et al., 2003; Hiirkamp et al., 2009; Byrne et al., 2010; Smith, 2016) while
others have studied the effects of heavy metal contamination on the ecosystem (Beyer et al.,
2004; Fernandes et al.; 2016; Venkateswarlu et al., 2016). This study will advance the
understanding of the factors that control the spatial trends of mining metal storage in channel
deposits of stream systems.

Anthropogenic changes to the landscape through mining and land clearing are commonly

observed to alter the geomorphological characteristics of watersheds and the stream networks



that drain them. Mining activities generate large quantities of sediment which directly increase
the sediment supply of adjacent streams as contaminated sediment enters the channel (Knighton,
1987). The combined mixture of sediments from natural and mining sources has been referred to
in literature as “mining sediment” (James 2013; Pavlowsky et al., 2017). Land clearing can
increase the volume and rate of surface runoff which leads to flashier floods with increased
stream power that delivers more sediment to streams, increases flow energy, and forces channel
adjustments (Jacobson, 1995; Jacobson and Gran, 1999; Panfil and Jacobson, 2001). Stream
channels respond to these disturbances through erosion, widening, change in form, and increased
sedimentation rates (Hammer, 1972; Trimble, 1983; Jacobson and Coleman, 1986; Jacobson,
1995; James and Lecce, 2013). However, streams often exhibit geomorphic features that indicate
the effects of watershed disturbances (Lewin and Macklin, 1987; Jacobson, 1995; Royall et al.,
2010). For example, streams with increased sediment supply often exhibit aggraded deposits that
raise the bed elevation and increase the width of flood-prone areas (Knighton, 1989; Knighton,
1991; Ahmed et al., 2019). In general, channel deposits can indicate environmental changes
through changes in slope, grain-size distribution, and bar size (Dietrich and Whiting, 1989;

Wood-Smith and Buffington, 1996).

Sediment Storage

Once mining sediment has entered the channel, it becomes incorporated into the stream
where a large contribution is stored in active channel and overbank floodplain deposits. Channel
banks under stable conditions typically form to the height needed to contain the 1.5 - 2 year
recurrence interval flood (Rosgen and Silvey, 1996; Simon et al., 2004; Pavlowsky et al., 2010;

Owen et al., 2011). As the channel bed migrates back and forth laterally, it forms a sequence of



bars, pools, and riffles (Leopold et al., 1964). Bars form when bed material is scoured from the
channel bed and deposited as higher accumulations in areas of lower velocity or flow separation
(Hansen, 1967; Fujita and Muramoto, 1985). Benches, sometimes referred to as berms or
shelves, are in-channel deposits that form on stable bar surfaces and are often covered to some
extent by vegetation (Royall et al., 2010; Owen et al., 2011; Dean and Schmidt, 2013). They are
more stable than channel bars, contain fine-grained sediment, and can represent an immature or
developing floodplain. They form during periods of higher flow and remain in place for longer
periods of time than bar and bed deposits (Royall et al., 2010). Chutes indicate an abandoned
main channel or semi-permanent stream channel that forms due to a change in channel
morphology or thalweg location in the channel or valley. The flow to chutes can be eventually
cut off as they fill by progressive sedimentation. But, chutes can also remain for long periods and
represent typical channel form (Figure 1) (Eekhout and Hoitink, 2015; River Studies, 2021).
Contaminated sediment is not evenly distributed and stored among various in-channel
deposits. Different geomorphic features have been shown to contain varying levels of heavy
metal concentrations at the same location along a stream (Graf et al., 1991; Ladd et al., 1998;
Rhoads and Cahill, 1999). Local variations in metal concentrations among different channel
deposits are explained by the variability in hydrologic conditions which results in the sorting of
mobile sediment by size and density. For example, in-channel deposits in a low energy
environment with longer residence times such as bars and benches typically contain finer
sediment and higher metal concentrations. Conversely, deposits in high energy environments
with shorter residence times such as channel beds typically have coarser substrate with lower
metal concentrations (Whitney 1975; Chao and Theobald 1976; Tessier et al., 1982; Rhoads,

1996; Ladd et al., 1998). The floodplain can become enriched in heavy metals associated with



the finest grain sizes generated during milling as silt- and clay-sized sediments are typically
deposited outside of the active channel during overbank flooding (Knox, 1987; Bradley 1989).
In-channel sediment is considered a more temporary source of stored sediment due to its
high frequency of mobility compared to overbank floodplain deposits which can remain a source
of secondary contamination for thousands of years (Wolfenden and Lewin, 1977; Bradley and
Cox, 1986; Moore et al., 1989; Walling et al., 1998; Miller and Orbock Miller, 2007; Davis,
2009). Mining sediment is discharged directly or eroded into the streams where it becomes
incorporated into the natural bed or suspended sediment. The sediment can be deposited in either
in-channel features or on the floodplain (Knox 1987; Pavlowsky et al., 2017). Floodplain
deposits become sinks for fine-grained contaminated sediment which vertically accretes during
overbank flooding. This vertical accretion process creates stratification in the floodplain
sediment with mining contaminated sediment deposited on top of undisturbed sediment (Knox,
1987). Sediment deposits on floodplains formed as a result of episodes of human activities are
referred to as legacy sediment (James, 2013). Coarser sediment is often deposited in beds and
bars which are less permanent than sediment stored on floodplains which are higher above the
active channel bed and stored laterally across the valley floor, away from erosive flows. After
mining operations have ceased for several decades the current contamination trends are
controlled more by the remobilization of stored fluvial sediment rather than inputs from the

primary mining sites (Bradley, 1989; Moore and Luoma, 1990; Pavlowsky et al., 2010).

Sediment Transport
Mining-contaminated sediment is transported in two distinct forms: passive dispersal and

active transformation (Lewin and Macklin, 1987). Passive dispersal occurs when the mining



sediment is transported through the channel without drastically altering the channel morphology.
Active transformation occurs when the geomorphological characteristics of a stream are altered
by a large influx of mining sediment. An early fluvial study in the Sierra Nevada, California
found that accelerated coarse sediment delivery from mining exceeded transport capacity and
accumulated in the channel. This caused the bedload to initially aggrade, then degrade, and move
downstream over periods of decades (Gilbert, 1917). Another study in England observed a
significant change in channel morphology as a direct result of an input of sediment generated
from mining activities (Lewin and Macklin, 1987). These changes in channel morphology
directly alter the rate of sediment storage and dispersal of fluvial sediment (James, 1991; Gallart
et al., 1999). The vast majority of Pb and Zn transport occurs in the solid particulate phase
attached to sediment particles, especially in streams where acid mine drainage has not developed
(Martin and Meybeck, 1979; Rhoads and Cabhill, 1999). Furthermore, different metals often
exhibit different transportation rates. This can be related to different geochemical behaviors, as
well as differences in sediment grain size and density (Macklin and Klimek, 1992). Mining
sediment containing denser ore particles may be transported at a slower rate since they require
higher flow velocities to mobilize (Macklin and Dowsett, 1989). Therefore, mining-related
metals are transported with sediment and dispersed by the same mechanisms that dictate natural
sediment transportation and control channel form.

Sediment storage is largely controlled by the factors that are linked to sediment
transportation. The changes in rate and magnitude of fluvial processes that follow mining
activities have a large effect on the spatial distribution of heavy metals as well as their
probability of being remobilized (Lewin and Macklin, 1987; Macklin and Lewin, 1989).

Sediments of varying grain size have different entrainment thresholds with fine sediment



requiring less energy to transport than coarse sediment (Hjulstrom, 1939). Gravel bed rivers
typically require a near-bankfull discharge to mobilize median grain size bed sediment
(Henderson, 1961; Buffington, 2012).

Fine sediments typically contain the highest metal concentrations due to their greater
relative surface area which allows for greater adsorption of trace metals onto the grain surface
(Hakanson, 1984; Horowitz, 1991). However, watersheds impaired by mining can show high
metal concentrations in both fine and coarse tailings (Moore et al., 1989; Pavlowsky et al., 2010;
Pavlowsky et al., 2017). Metal concentrations also tend to decrease downstream exponentially
with distance from the source of contamination (Marcus, 1987; Macklin and Dowsett, 1989;
Miller, 1997). Although, this trend can become less evident in watersheds that exhibit many

point sources of contamination distributed throughout the watershed (Pavlowsky, 1996).

The Tri-State Mining District and Joplin Subdistrict

The Tri-State Mining District (TSMD) is an area rich in mining history. One of the
earliest documents of the regional ore deposits come from Henry Schoolcraft’s journal during his
famed expedition of the Ozarks between 1818 to 1819 where he noticed Pb outcropping at the
surface west of present-day Springfield (Schoolcraft, 1996). Hunters and trappers were some of
the earliest people to mine these surficial Pb deposits in the 1820s to make bullets beginning
(Schoolcraft, 1996). Mining communities were soon established throughout the region with
commercial operations beginning in Joplin around 1850 (Figure 2) (Pope, 2005). For the first 20
years, mining focused on crude operations working the shallow galena Pb deposits. These

operations were limited in depth due to the lack of heavy machinery (Gibson, 1972). Despite the



higher overall abundance of Zn mineralization in the district, it was not produced until 1874 due
to the development of new smelting technology (Gibson, 1972).

During the 1870s railroads were established throughout the TSMD. This allowed heavy
machinery to be brought into the Joplin subdistrict which resulted in improved ore processing
techniques and the ability to access deeper ore deposits (Gibson, 1972). Mine output in the Joplin
subdistrict substantially decreased in 1918 due to the depletion of ore deposits and the discovery
of large ore deposits in Oklahoma and Kansas (Stewart, 1986). However, mining in the Joplin
subdistrict saw a brief resurgence in the 1940s during WWIIL. The last mine located in Missouri
closed in 1957 (Gibson, 1972). The Joplin subdistrict produced a total of 32,000,000 Mg of ore
throughout its entire history of commercial operations (Stewart, 1986). However, the Joplin
subdistrict encompasses nearby adject streams, so production was not isolated to the Turkey
Creek watershed.

The results of these historical mining operations have caused concentrations of Pb and Zn
in soil and channel sediments to far exceed background values which can be detrimental to the
local environment (Skidmore, 1964; Neuberger et al. 1990; Wildhaber et al. 2000; Angelo et al.
2007). The large amount of contaminated mining waste that remained stored in tailings piles
prompted the United States Environmental Protection Agency (USEPA) to establish Superfund
sites throughout the region to remediate mining impacted areas. The Oronogo-Duenweg Mining
Belt Superfund Site, located in the Turkey Creek watershed, began remedial investigations in
1990. To date, the USEPA has completed remediation of residential soils with elevated Pb, Zn,
and Cd levels and is actively working to remove mine and mill waste exposed at the surface

(USEPA, 2017).



The Joplin subdistrict, which encompasses the Turkey Creek watershed, was once the
most productive district in the United States (Wright, 1918). The Turkey Creek watershed, which
drains the Joplin subdistrict and a small portion of the Oronogo-Duenweg Mining Belt, has been
drastically altered as a direct result of historic mining activity (Figure 3). Numerous studies have
concluded that Pb and Zn in Turkey Creek are present at concentrations which can have adverse

effects on local wildlife (Pope, 2005; Juracek, 2013; Smith, 2016; Gutiérrez et al., 2019).

TSMD Remediation

The USEPA has conducted extensive remediation efforts throughout the TSMD
beginning in the early 1990s. The remediation efforts are ongoing with plans to continue into the
future. They have remediated both mine and smelter waste as well as contaminated sediment
within residential yards by excavating the top layer of contaminated soil. The EPA has removed
numerous tailings piles and sold off the waste primarily as fill for road construction and
constructed retention ponds and sediment traps throughout the region to prevent the further
distribution of contaminated sediment (USEPA, 2017). Despite remedial efforts, large amounts
of contaminated sediment remained stored in tailings piles and channel sediment throughout the
watershed. These remediated areas are often along the channel of Turkey Creek. The
management goal is for Zn and Pb concentrations in streams to decrease below remediated areas
(USEPA, 2017). However, if sediment takes a long time to move throughout the channel,
contamination will still be present near the source for a long period of time even after clean-up
(Lewin and Macklin, 1987; Merefield, 1987). As remediation continues, the sediment stored in
tailings piles will become increasingly less significant, and contamination stored within the

fluvial deposits will become a more important source of contamination.



Mining History and Regional Studies

Mining operations in the TSMD lasted for approximately 120 years with many mining
camps established throughout the Turkey Creek watershed (Gibson, 1972). Mining
contamination remains a persistent issue due to these past mining operations (Smith, 2016;
USEPA, 2017). A major source of mining contamination is the ongoing erosion of tailings piles
which store processed ore wastes which contain large percentages of unrecovered heavy metals
including Pb and Zn which waste into the channel (Barks, 1977). These heavy metals make their
way into streams where they have damaging effects on the ecosystem and human health (Beyer
et al., 2004; Park et al., 2020).

The mining related contamination throughout the TSMD has been the focus of many
studies. In general, previous studies on Turkey Creek have not focused solely on the watershed
itself. Most studies include sampling several sites in Turkey Creek within a larger scope of study
that encompassed sampling throughout the greater TSMD. Numerous studies have focused on
the biological effects of heavy metal contamination on the health of the overall ecosystem. Wild
birds have been observed to contain Pb tissue concentrations associated with adverse biological
function and poisoning (Beyer et al., 2004). Crayfish and mussel populations were significantly
lower at sites impaired with heavy metals from mining activities (Allert et al., 2012; Besser et al.,
2015). The negative impacts of mining contamination extend beyond local wildlife. Increased
heavy metal concentrations from mining have negatively affected the health of nearby humans
through increased Pb blood levels and mortality rates (Park et al., 2020).

Other studies have sought to understand the dispersal and contamination of heavy metals
throughout the TSMD. Past TSMD studies have focused on channel sediment have analyzed

trace metal concentrations of clay and silt-sized streambed sediment (Pope, 2005), transition



zone widths of tailings piles where concentrations shift to maximum background values
(USFWS, 2013), concentrations and distribution of streambed sediment compared to background
values (Gutiérrez et al., 2015), mobility of heavy metals as determined by bioavailability and Fe-
oxides (Gutiérrez et al., 2019), and total mass of contaminated sediment stored in gravel bar
deposits (Smith, 2016). All studies agree that Pb and Zn concentrations commonly exceed
background values with the largest concentrations observed near old smelters and tailings piles
(Gutiérrez et al., 2015).

Previous studies have also focused on mining contamination associated with floodplain
sediment. A former study analyzed the heavy metal concentrations in the floodplain with respect
to depth and lateral extent throughout the Spring River and its tributaries (Juracek, 2013).
Another study looked at the relationship between depth and concentration of floodplain and low
terrace deposits in the Spring River and its tributaries (Smith, 2016). It concluded that elevated
Pb and Zn concentrations are typically restricted to the upper 0.3 to 0.6 m of the floodplain with
an occasional increased depth of contamination near the channel or in areas disturbed by mining.
The greatest depth of elevated metal concentrations in the floodplain was observed at 3.0 meters
in Turkey Creek (near R-km 4.5).

In order to quantify longitudinal metal trends from previous research conducted in
Turkey Creek, the published data from two scientific studies and one contractor report were
compiled to determine Pb and Zn concentration values throughout active channel sediment
(Table 1) (Peebles, 2014; Smith, 2016; HGL, 2019). The longitudinal trends of these active
channel samples indicate that concentrations of both Pb and Zn generally increase with distance
downstream reflecting both locations of mining areas and expected sediment fining downstream

(Figure 4). Smith furthered the understanding of spatial metal concentrations by using freeze-

10



coring to determine the maximum vertical depth at which <2 mm sediment exceeded the
probable effects concentration (PEC) (Smith, 2016). He found that metal concentrations were

often elevated above the PEC all the way down to bedrock.

Research Contribution of This Study

The coarse fraction (2 — 16 mm) as a source of metal contamination in streams affected
by mining has been rarely investigated in most studies and omitted from previous assessments in
Turkey Creek (Pope, 2005; USFWS, 2013; Gutiérrez et al., 2015; Smith, 2016). The coarse
fraction can be an important source of mining sediment in the TSMD since mills produced large
quantities of coarse tailings during jigging locally referred to as "chat" wastes (Wright, 1918;
Gibson, 1972; Moore et al., 1989; Pavlowsky et al., 2010; Pavlowsky et al., 2017). This study
will compare contamination levels and storage amounts between fine and coarse sediments in
Turkey Creek. Only analyzing fine sediment does not accurately represent the entire metal
burden in channel storage.

Contamination trends can vary among different channel deposits in mining areas
(Pavlowsky and Owen, 2016; Smith, 2016). In general, variations in depositional history,
topography across the valley floor, and the influence of sediment sorting and dilution during
transport can cause variations in both sediment size and metal storage among different deposits
(Graf 1996; Ladd et al., 1998; Rhoads and Cahill, 1999). Therefore, this study will compare
sediments and geochemistry among bed, bar, bench, and chute deposits in Turkey Creek. No
studies in Turkey Creek or other streams in the TSMD have evaluated the concentrations and

distribution of metals among different geomorphic features in the channel. Understanding the
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geomorphic factors that control sediment distribution and storage can be useful in estimating
where contaminated sediment will be stored in the channel.

The downstream dispersal of metal contamination and storage trends will reflect the
influence of larger-scale hydraulic and geomorphic controls related to the characteristics of the
channel network and the sediment transport capacity of the channel (Marcus, 1987; Knighton,
1989; Knighton, 1991; Lewin and Macklin, 1987; Macklin and Lewin, 1989). Few studies
quantify the influence of geomorphic variables or contamination trends in watersheds in general,
let alone those affected by mining. Channel network variables include the downstream dilution
and mixing of sediment over increasing drainage areas and distance from the source (Lewin and
Macklin, 1987; Marcus, 1987; Bradley, 1989; Graf, 1996; Pavlowsky, 1996). Therefore, metal
concentrations are expected to decrease downstream from mining impacted areas and increase in
areas that drain a high percentage of mined areas.

Sediment transport variables include channel width which relates the area available for
deposition and storage. Previous research on streams in the Viburnum Trend has indicated a
strong relationship (R* = 0.91) between storage and channel width (Pavlowsky and Owen, 2016).
The widest portions of the stream are expected to store the greatest amounts of sediment due to
its greater relative geometry and association with land use disturbances (Jacobson, 1995). In
addition, channel slope and mobile sediment depth on the channel bed can indicate the available
transport capacity of the reach (Gilbert and Murphy, 1914; Robert, 2003). Areas of low slope are
expected to store greater amounts of sediment, since they have a lower transport capacity and
represent areas of deposition. Similar to channel width, thicker deposits of mobile sediment on
the channel bed can positively correlate with metal storage due to their greater relative geometry

and association with bed aggradation due to high sediment inputs and channel modifications
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which commonly occur in watersheds affected by historical mining activities (Jacboson, 1995;
Pavlowsky et al., 2017).

Past studies in the Turkey Creek watershed have not analyzed the influence of different
geomorphic variables with respect to dispersal trends and storage such as channel width (active,
bankfull, and floodplain), slope, depth of sediment to bedrock (measured at the thalweg),
drainage area, and downstream distance. These variables have been documented to control
sediment transport, so they could serve as a predictor for storage trends throughout the watershed
(Montgomery and Buffington, 1997; Sambrook Smith and Ferguson, 1995; Buffington, 2012;
Jacobson, 1995). The United States Geological Survey (USGS) has recognized the importance of
quantifying sediment storage in contaminated streams. Smith has quantified the total volumetric
storage of sediment within the gravel bars in Turkey Creek (Smith, 2016). This study seeks to
advance the understanding of Pb and Zn storage throughout the Turkey Creek watershed by

quantifying storage values with respect to grain size and geomorphic features.

Purpose and Objectives

The purpose of this study is to determine the amount of contaminated sediment stored
within different depositional features in both fine and coarse grain sizes in the Turkey Creek
main channel and its tributaries. The objectives of this study are to (i) assess volumetric and
mass sediment storage among different deposits and size fractions, (ii) evaluate longitudinal
metal concentrations in different size fractions and deposits, and (iii) develop predictive
equations that quantify downstream trends in metal storage as a function of geomorphic variables
such as transport distance, stream power, and valley controls. Contaminated features may

become more significant sources of contamination as they are reworked and dispersed
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downstream. Therefore, understanding the amount of contaminated sediment stored within these

geomorphic deposits is important for developing remediation plans.
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Table 1. Lead and zinc concentrations in active channel sediments in Turkey Creek (n = 38, <2
mm). If a series of depth-integrated samples were collected at a site, the concentrations were
averaged to generate a single value for that site (Peebles, 2014; Smith, 2016; HGL, 2019).

Concentration (ppm)

Element

Mean Minimum 25%-tile Median 75%-tile Maximum
Pb 543 48 240 455 587 2,671
Zn 5,065 325 2,748 4,890 7,372 12,800

=Bar
=Chute
=Bench
=Floodplain

Figure 1. Orthogonal view of a stream planform showing the various deposits analyzed in this
study (River Studies, 2021).
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STUDY AREA

Turkey Creek (119 km?) drains a HUC-12 watershed (hydrologic unit code
110702070901) watershed in Jasper (MO), Newton (MO), and Cherokee (KS) counties (Figure
3) (Seaber et al., 1987). It is located in the heart of the Tri-State Mining District (TSMD) which
covers a total area of approximately 6,574 km? in the states of Missouri, Kansas, and Oklahoma.
The main stem of Turkey Creek flows 33.8 km from the Diamond Grove Conservation Area,
through Joplin, MO and discharges into the Spring River in Kansas. Two EPA superfund sites
(Oronogo-Duenweg Mining Belt and Cherokee County) are located within the Turkey Creek

watershed (USEPA, 2017).

Geology and Soils

The Turkey Creek watershed is entirely contained within the Ozark Highland Level 111
Ecoregion with karst topography and frequent losing streams (Nigh and Schroeder, 2002;
USEPA, 2013). Mississippian-aged limestone bedrock underlies most of the watershed with
minor amounts of Pennsylvanian shale (Howe and Koenig, 1961) (Table 2 and Figure 5). The
previously mined Pb and Zn sulfide deposits are classified as Mississippi Valley-Type (MVT)
Deposits. These epigenetic Pb and Zn deposits are stratabound in the Mississippian aged Keokuk
and Warsaw Formations which are composed of cherty limestone (Brockie et al., 1933). These
MVT deposits were mineralized by hydrothermal saline brines rising through permeable zones in
the rock. This fluid cooled when it reached the Mississippian aged limestones where it

precipitated into ore minerals (Appold and Garven, 1999; Plumlee et al., 1994; Stoffell et al.,
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2008; Johnson et al., 2016). The carbonate host rock that contains the ore acts as a natural buffer
preventing acid mine drainage from developing in Turkey Creek (Gutiérrez et al., 2019).

The upland soils in the Turkey Creek watershed primarily originate from cherty
carbonate rock residuum (USEPA, 2013). They are generally composed of silt loams often with
significant amounts of cherty rock fragment in the subsoil (NRCS, 2020). Alluvial floodplains
and terrace soils cover an area of 12.2 km? representing 10.2% of the total watershed. These soil
series are described as frequently, occasionally, or rarely flooded. The majority of floodplain
soils are mapped as the Cedargap series composed of gravelly silt loam (Table 3) (NRCS, 2020).
Recent legacy sediment deposited as the result of agricultural settlement and poor soil
conservation practices in the past cover floodplains to depths of 0.5 to 2 m in Turkey Creek

(Smith, 2016; Eades et al., 2021).

Climate and Hydrology

Southwestern Missouri experiences hot summers and cold winters. Weather records from
the previous 30 years indicate the average annual temperature is 13.7 C. The coldest month is
January with an average temperature of 1.1 C, and the warmest month is July with an average
temperature of 25.5 C (MRCC, 2021). Southwestern Missouri receives an average annual
precipitation of 110.4 cm. The wettest month was May which had an average precipitation of
13.7 cm (Table 4) (MRCC, 2021).

No United States Geological Survey (USGS) gaging stations are located directly within
the watershed, so hydrologic trends were assessed using two nearby stations: Shoal Creek above
Joplin, MO draining 1,106 km? (#07187000) and Spring River near Baxter Springs, KS draining

6,340 km? (#07187600) located in the HUC-#11070207 watershed. The gage on Shoal Creek has
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a well-established history since 1941, while the gage on the Spring River was installed relatively
recently in 2009. Both gaging stations have significantly larger drainage areas than the Turkey
Creek watershed (119 km?). The Shoal Creek and Spring River gages have mean annual flows of
12.5 and 74.8 m?/s, respectively. The largest flood occurred in 1941 on Shoal Creek where
discharge peaked at 1,758.5 m?/s with a gage height of 5.1 m. The Spring River gage recorded
the largest flood in 2015 with a peak discharge of 4,134.3 m>/s and a gage height of 9.7 m (Table

5) (USGS, 2021).

Mining History

Early Pb milling began in the 1820s and involved crushing the Pb ore by hand and sorting
it via sluicing. In 1874 miners began to process Zn due to new developments in smelting
technology. Around 1880 miners transitioned from the sluice to a jigging process which used a
screen and hydraulic pulses to separate the denser ore from the rock (Gibson, 1972). By the
1910s, shaking tables were added to the end of jigs to further process the finer sediment (Wright,
1918). In 1916 froth flotation separation was introduced to the milling process in a few locations
and was prevalent throughout the TSMD by the mid-1920s (Wright, 1918; Gibson, 1972;
Hinrichs, 1996). However, mining in the Joplin subdistrict substantially declined in 1918 due to
the depletion of economic ore deposits.

Ore Production. The ore deposits in the TSMD were scattered throughout the TSMD
with significantly variable ratios of Pb and Zn sulfides (Kitson, 1919; Brockie et al., 1933). Two
types of orebodies were mined throughout the TSMD. The first ore deposit discovered was the
“upper run”. These deposits were located at the surface and could extend to a depth of up to

approximately 50 meters. The second ““sheet ground” deposits were more productive and were
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located about 75 m below the surface in the Mississippian aged Keokuk and Warsaw limestone
formations which had a combined thickness of approximately 80 m (Kitson, 1919; Brockie et al.,
1933; McCauley et al., 1983). These ore bodies were typically mined for six months to six years
(Kitson, 1919; Gibson, 1972). Due to the scattered distribution of ore deposits and relatively low
topographic relief, ore was most often processed on-site. The lack of a centralized mill resulted
in many small mills scattered throughout the Joplin subdistrict which created many chat piles at
these mill sites (Figure 6) (Kitson, 1919; Gibson, 1972).

Throughout the mining history of the TSMD, there have been numerous ore processing
techniques which have produced wide ranges of tailings composed of different mine waste
including: coarse chat (from sluices and jigs), sands (from tables), fines and slimes (from
flotation), and ultra-fine particles (from mill overflows and effluents) (Wright, 1918; Gibson,
1972; Hinrichs, 1996). Unprocessed ore was typically crushed to <13 cm before being processed
by the mill. Once the ore arrived in the mill, it was further ground to pass through 8 — 13 mm
screens. Some mills treated ore greater than 13 mm in diameter. However, it is presumed that
mills treating ore >13 mm did not include sediment significantly larger than this diameter (Table
6) (Wright, 1918; Gibson, 1972). After crushing, the ore was separated into concentrate,
“middling” (a significantly less enriched product than concentrate), and tailings (Wright, 1918).
There were three main ways that ore was treated to concentrate Zn and Pb minerals for the
smelter:

Jigging. After crushing, the ore was treated on a series of rougher and cleaner jigs to
concentrate the product. Jigs are used in ore processing to separate materials with different
densities by flowing water over a pulsing screen. This causes the denser material to settle at the

bottom of the jig where it can be recovered. A rougher jig was used to remove a large amount of
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coarse waste material and concentrate the ore to 10 —25% Zn. The enriched material collected
from the rougher jig was then treated on a cleaner jig to further concentrate the ore to 50 — 60%
Zn (Wright, 1918; Hinrichs, 1996). The ore from the rougher and cleaner jig was processed on a
dewatering trommel with 1.5 — 2 mm openings. The size fraction that passed through was sent
off for further processing at the tabling and flotation sections of the mill. The fraction that was
collected on the screen was sent off to the chat pile as waste (Wright, 1918).

Tabling. Once the ore <2 mm in diameter reached the tabling section, it was passed over
a slightly inclined table where the higher density ore was separated from the host rock by a
horizontal oscillatory motion. This results in a Pb and Zn concentrate approximately 55% Zn
(Wright, 1918).

Flotation. Froth flotation was used to process the finest mining sediment (<0.07 mm)
(Wright, 1918). Very fine ore particles produced during milling tended to congest milling
machinery and were difficult to process, except by flotation (Wright, 1918; Taggart, 1945). The
finest sediment was mixed with a chemical solution to create a slime mixture which allowed mill
operators to extract Pb and Zn resulting in a highly concentrated final product (Wright, 1918;
Gibson, 1972). However, flotation did not become widespread throughout the TSMD until about
1925 which was after the vast majority of mining operations the Joplin subdistrict had ended
(Gibson, 1972).

Ore Processing. The milling procedures in the TSMD were not well recorded and often
changed on a site-by-site basis. There was no systematic approach by the miners to determine the
recovery percentage at different steps in the milling process. However, the mills in Joplin tried to
produce as few fines as possible, since large amounts of losses were typically associated with the

fine size fractions since finer slimes fouled machinery (Wright, 1918). As ore recovery rates
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improved, processed ore stored in chat piles was often re-milled to further recover more Pb and
Zn. The absence of standardized milling procedures and variability of ore concentration led to a
wide range of tailings sizes produced throughout the region. The highest total amount of Zn
generated during milling in the Joplin subdistrict was typically associated with the coarse
sediment (>2 mm) which often resented more than 50% of the total Zn produced. However, the

highest Zn concentrations were associated with the finest sediment (Table 7).

Tailings Waste

During the entire operation of all mines in the TSMD, jigging produced roughly 80% of
all chat tailings (0.4 — 13.3 mm). Tabling operations produced finer tailings which account 12%
of mine waste. The finest tailings (<0.07 mm) were generated during flotation and represent 8%
of mine waste (Gibson, 1972; USEPA, 1997; Pope, 2005). Flotation tailings were commonly
discarded in constructed ponds near the mill (Gibson, 1972). Mine waste generated from jigging
and tabling operations contained Pb concentrations from 360 — 1,500 ppm and Zn concentrations
ranging from 6,000 — 13,000 ppm with the highest concentrations observed in the finest and
coarsest fractions of the tailings since the most efficient metal recovery occurred in the middle-
ranges of feed sizes (Taggart, 1945; Wright, 1918; Gibson, 1972). Tailings generated from the
flotation process are silt-sized or smaller and have metal concentrations significantly higher than
the concentrations observed in mine waste generated from jigging and tabling operations.
Flotation tailings have concentrations of 380 — 5,900 ppm Pb and 3,800 — 64,000 ppm Zn
(USEPA, 1997). The majority of mill sites and mine tailings piles are drained to Turkey Creek

between R-km 2.5 and R-km 12 (Figure 7). In addition, other tailings dumps associated with the
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Oronogo-Duenweg Mining Belt along the northeastern boundary of the watershed potentially

drained into Turkey Creek near R-km 16 (Figure 7).

Present-day Land Use

In 2016 the Turkey Creek watershed was primarily developed with significant amounts of
pasture and deciduous forests (Table 8). Most of the urban developed land was in the central
section of the watershed between R-km 9 and R-km 20. Development drastically drops
downstream from R-km 9; this section was characterized by both deciduous forests and
agricultural land (Figure 8). The upstream portion of Turkey Creek between R-km 25 and R-km
33 was almost exclusively composed of agricultural land (NLCD, 2016).

Mine dumps covered 5.2 km? or approximately 4% of the total area of the Turkey Creek
watershed. These areas are dispersed throughout the watershed and represent land where mining
occurred and processed ore was stored in tailings piles (NRCS, 2020). However, large numbers
of tailings piles have been remediated. Since June 2019, the EPA completed remediation on a
total tailings area of 12.2 km? (10%) with an additional 5.6 km? (5%) in active remediation.
There are plans to remediate another 4.3 km? (4%) of sediment impaired by mine waste when

funding becomes available (Figure 7) (USEPA, 2017; USEPA, 2021).
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Table 2. Surficial bedrock geology of the Turkey Creek watershed (Howe and Koenig, 1961).

Surface
Area of
Area Watershed
Series Formation  Geologic Age Major Minor (km?) (%)
St. Louis,
Meramecian Salem, Mississippian  Limestone 102.5 86.1
Warsaw
Keokuk,
Burlington,
) Elsey, D :
Osagian Mississippian  Limestone Chert, 6.2 5.2
Reeds
. Dolostone
Spring,
Pierson
Middle
Serics Riverton, Pennsylvanian ‘Shale, Limestone 9.7 8.2
(Atokan Burener siltstone,
Stage) & mudstone
Holocene Alluvium Holocene Sar::t;ﬂt’ Gravel 0.6 0.5

Table 3. Alluvial floodplain and terrace soil series in the Turkey Creek watershed.

% Sediment

Flooding Percent of <2 mm
Soil Series Texture Frequency Area (km?) Area (%) (upper 0.5 m)
Gravelly silt
Cedargap loam Frequently 8.0 65.7 50
Bearthicket Siltloam Occasionally 3.1 25.6 95
Verdigris Silt Loam Occasionally 0.9 7.0 100
Hepler SiltLoam (- sionally 0.2 1.3 100
Secesh Silt Loam Rarely 0.0 0.4 89
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Table 4. Weather data in southwestern Missouri from 1991 to 2020. (MRCC, 2021)

Average Average

Average Average Minimum Maximum

Precipitation Temperature Temperature Temperature
Month (cm) (°O) (°0O) (°0O)
Jan. 5.4 1.1 -5.9 4.6
Feb. 5.8 3.5 -3.7 7.6
Mar. 8.5 8.3 1.1 13.4
Apr 11.7 13.6 6.5 19.5
May 13.7 18.3 12.1 24.2
June 11.7 23.1 17.2 29.0
July 10.9 25.5 194 31.2
Aug. 9.7 24.8 18.2 30.6
Sept. 9.8 20.5 13.7 26.6
Oct. 8.6 14.3 7.1 20.3
Nov 8.3 8.0 1.3 12.8
Dec. 6.3 2.8 -3.6 6.6
Annual 1104 13.7 7.0 18.9

Table 5. USGS gaging data at stations near Turkey Creek.

Gage Station Data

Shoal Creek above Joplin,
MO, #07187000

Spring River near Baxter
Springs, KS, #07187600

Ad (km?) 1,223 6,340
Available Data Oct. 1941 Aug. 2009
Mean Annual Flow (m?/s) 12.5 74.8
Mean Monthly Low Flow (m?/s) 6.4 29.1
Mean Monthly High Flow (m>/s) 223 218.2
Largest Flood Date 5/18/1943 12/28/2015
Peak Gage Height (m) 5.1 9.7
Peak Discharge (m?/s) 1,759 4,134
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Table 6. The percent weight produced in various size fractions at mills throughout the TSMD
(Wright, 1918).

Percent Weight of Screen Product (%)

Screen Porto
Size Webb  Duenweg Carterville Rico Prosperity
(mm) City Mill Mill Mill Mill Mill
13.3 18.5 6.9
6.7 29.5 35.9 33.6 32.0 9.9
3.3 28.4 19.5 30.8 26.8 38.8
1.7 15.5 12.6 16.8 18.4 23.8
0.8 16.1 7.3 8.8 9.1 11.4
0.4 55 3.2 4.6 2.7 6.2
0.2 1.4 0.7 2.6 1.8 4.1
0.15 0.6 0.5 1.0 0.4 1.9
0.10 0.4 0.5 0.8 0.4 1.5
0.07 0.3 0.3 0.2 0.2 0.2
<0.07 24 1.1 0.9 1.3 2.2
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Table 7. Zinc composition of mill feeds throughout the TSMD (Wright, 1918).

Webb City ~ Duenweg Carterville  Porto Rico  Prosperity
Screen Mill Mill Mill Mill Mill Average
Size Zn Total Zn Total Zn Total Zn Total Zn Total Zn Total
mm) (o) () () ) () () () (o) () ) (n) (%)
13.3 0.6 21.1 0.3 5.6 0.5 133
6.7 05 200 05 314 03 243 02 193 05 123 04 215
33 0.7 247 04 155 04 316 02 146 04 338 04 240
1.7 08 158 04 86 04 173 02 95 03 162 04 135
0.8 05 93 04 53 03 64 03 74 02 51 03 6.7
0.4 04 29 04 22 03 33 06 41 03 37 04 32
0.2 1.0 1.7 07 09 06 33 13 63 03 26 08 3.0
0.15 1.1 0.9 1.0 1.0 0.6 1.3 29 35 04 1.9 1.2 1.7
0.1 1.3 06 08 08 1.0 20 34 36 1.0 33 1.5 21
0.07 1.6 0.6 14 08 1.6 08 57 33 1.2 05 23 1.2
<0.07 79 235 63 126 47 98 6.6 228 41 207 59 179
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Table 8. Land use in the Turkey Creek watershed in 2016 (NLCD, 2016).

Land Use Area (km2) Percent of Area (%)
Open Water 0.3 0.2
Developed, Open Space 14.3 11.9
Developed, Low Intensity 20.6 17.1
Developed, Medium Intensity 8.1 6.7
Developed, High Intensity 5.8 4.8
Barren Land 1.6 1.3
Deciduous Forest 27.5 22.9
Evergreen Forest 0.0 0.0
Mixed Forest 0.7 0.6
Shrub/Scrub 0.4 0.4
Grassland/Herbaceous 0.5 0.4
Pasture/Hay 394 32.7
Cultivated Crops 1.0 0.8
Woody Wetlands 0.1 0.0
Emergent Herbaceous 0.0 0.0

Wetlands
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Figure 6. Snowball chat pile located near site T-9.2 t Leadville Hollow. Coarse chat is seen
wasting directly into the channel. The tailings pile is overlaying the cherty Cedargap soil series.
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METHODS

Site Selection

Fourteen sites were sampled along the main channel and tributaries of Turkey Creek
below mining areas. In addition, three sites were sampled at “background” locations unaffected
by mining including one site in Grove Creek located just beyond the eastern border of Turkey
Creek (Figure 5). All sites were identified on a river-kilometer (R-km) longitudinal profile to
assess downstream storage and geomorphic trends. R-km 0 is located at the confluence of
Turkey Creek with the Spring River in Kansas, and R-km 33.8 is at the source of Turkey Creek
located in Diamond Grove Prairie Conservation Area. The most significant amount of mine
waste areas are located between R-km 3 and R-km 12. Mine waste areas were identified using
geospatial data from the Web Soil Survey (last updated in September 2019) and used to
determine the percentage of a drainage area composed of mined lands (NRCS, 2020). The
influence of both mining areas and urban areas 1.5 km upstream from sites were visually
classified as 0 (no influence), 1 (low), 2 (moderate), and 3 (high) (Table 9). Sampling reaches

were identified by ease of access and distance from public roads.

Geomorphic Assessment

Sampling sites (excluding background sampling sites) were located between R-km 0.1 to
R-km 18.8 (Figure 7). Each sample reach was segmented into seven equally spaced transects
excluding site MC-0.1 which had six transects since there was not enough room to place the final
transect due to the confluence with the Spring River. Transects were spaced twice the active
channel width with the middle transect (TS4) always located on a glide to riffle transition area

just above a riffle crest. Active channel widths ranged from 10 m to 50 m among main channel
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sites and 2.5 m to 9 m among tributary sites. Sample reach lengths ranged from 120 m to 300 m
among main channel sites and 30 m to 108 m at tributary sites. Transects crossed the entire
active channel between the highest confining banks including the wetted channel bed, bar and
bench surfaces, and chute fills. The coordinates of these transects were recorded on a Trimble
Geo 7X (Appendix A).

At each of the 14 main channel and tributary sites, a geomorphic assessment was
completed to assess the width and thickness of the different channel deposits present (Figure 9).
A stadia rod was used to measure active channel width, bank offsets, bank heights, and water
depth. A tile probe was used to measure depth to bedrock or other hard refusal at the thalweg and
to check the depth of fine sediment thickness on benches and in chutes (Appendix A). Tile
probing is both a cheap and effective method to determine the relative depth to bedrock and
thickness of stored sediment, since the tile probe can penetrate sediment associated with
historical mining disturbances but not coarse bed material (Jacobson and Primm, 1994;
Pavlowsky et al., 2017). The height relative to water surface and width of the following
previously described in-channel landforms were also measured with a stadia rod: bed, bar, bench,
and chute (Hansen, 1967; Fujita and Muramoto, 1985; Royall et al., 2010; River Studies, 2021)
(Figure 1) (Appendix B and Appendix C). Deposit thickness was calculated as the sum of the (i)
average height of the primary horizontal surface above the water line, (ii)) maximum water depth
of the channel at the thalweg, and (iii) probe depth to refusal in the channel bed at the thalweg
(Figure 9). Additional probe depths were also recorded at each landform as a check to ensure the
refusal depth aligned with the bedrock depth measured at the thalweg. Bedrock was assumed to

extend laterally with no change in relief (Figure 9).
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Large boulders, logs, and other large debris in the channel were often observed within
sampling reaches. The total amount of these obstructions on the channel bed was visually
estimated as a volume along a transect and subtracted from the total bed storage volume
estimated from the transect. If present, the width of bedrock or cut-earth exposed along the bed
was recorded for each transect and zero sediment storage was assumed for these areas. Cut earth
indicates areas of scoured residuum exposed in the bed. Exposed bedrock was observed to

varying degrees at every sampling reach excluding sites MC-0.1 and T-9.2.

Sediment Sampling

A total of 92 active channel sediment and 22 bank samples were collected for
geochemical and textural analysis (Appendix D). Channel samples were used to describe the
texture and metal content of stored sediment deposits. Bank samples were utilized to take
advantage of the opportunity to gain more information about longer-term storage in floodplain
deposits. When possible, multiple samples of each feature present within a reach were collected.
Sediment samples were collected in-channel using a shovel or entrenching tool and placed in
plastic bags. Sediment samples were gathered from material not in contact with the metal shovel
surface. Bed samples were gathered near the center of the wetted channel on glides using a
shovel with holes allowing the water to drain from the sediment before it was placed in a plastic
bag for storage. When sampling bar deposits, sediment was collected below the top armored
layer by digging a sampling pit roughly three times the maximum clast size on the armored layer
yielding sampling depths between 10 cm to 30 cm from the surface (Bunte and Abt, 2001).
Benches were sampled between 0 cm to 20 cm. Any organic material that could have

accumulated on the surface was removed and not collected. It was assumed that size and metal
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concentration in surface samples (<30 cm) were representative of the entire deposit. A previous
study of Turkey Creek analyzed in-channel depth-integrated core samples and found that Pb and
Zn concentrations in sediment were highly elevated throughout the entire unit without correlation
to vertical extent indicating that sediment has been impacted by mining waste all the way down
to bedrock (Smith, 2016). Another study in southeastern Missouri indicated that surficial metal
concentrations in bar deposits were representative of the entire deposit (Pavlowsky et al., 2017).
When collecting cut-bank samples, a shovel or trowel was used to remove the surficial sediment
to give a sampling surface that was unaffected by weathering.

Twenty-two samples were collected from exposed cut-banks at sites M-18.8, M-13.0, M-
7.6, M-6.8, M-5.3, and M-0.1 to estimate metal storage throughout the floodplain (Appendix D).
The metal stored in-channel will be evaluated against the total metal stored in the floodplain.
Three to seven composite samples were collected from exposed sedimentary units at each cut
bank based on visible stratigraphic changes within the bank. Bank heights and depths of

stratigraphic units were recorded.

Laboratory Methods
All samples were prepared and analyzed at the Ozark Environmental Water Resources
Institute (OEWRI) laboratory at Missouri State University in Temple Hall following standard
operating procedures. (https://oewri.missouristate.edu/standard-operating-procedures.htm).
Sample Preparation. All sediment samples were placed in a 60 °C oven for several days
to dry. Samples were then disaggregated with a mortar and pestle and hand sieved into the
following size fractions: <2 mm, 2 — 16 mm, and >16 mm. Sediment <2 mm contains the finer

fraction of tailings produced during milling, including some finer tailings particles that were
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processed using jigging and tabling. Samples in the <2 mm size fractions also represent the
maximum sediment size analyzed from previous studies in Turkey Creek (Pope, 2005; Peebles,
2014; Gutiérrez et al., 2015; Smith, 2016; HGL, 2019). The 2 — 16 mm is the coarse size fraction
and represents the largest amount of chat tailings generated by the jigging process. Milling
documents do not indicate that sediment >16 mm was processed (Wright, 1918). The max feed
to jigs was typically between 7 to 13 mm (Wright, 1918).

Composite Samples. All bed and bar samples were then composited individually at each
main channel, tributary, and background site. Composite samples were created by taking an
equal mass of sediment from each individual bed or bar sample collected at a given site for both
the fine (< 2 mm) and coarse (2 — 16 mm) size fractions (Figure 10). These composite samples
were then sieved to <0.25 mm, 0.25 mm — 2 mm, 2 — 8 mm, 8 — 16 mm, and >16 mm; the masses
of these size fractions were recorded. Sediment <0.25 mm includes tailings that was generated
during flotation methods. The 0.25 — 2 mm size fraction includes the fine material generated
during jigging and tabling, but excludes ore processed with flotation. The 2 — 8 mm size fraction
represents the coarser sediment creating during milling. The 8 — 16 mm size fraction signifies the
coarsest source of contamination. Samples in this size fraction were not often produced during
commercial milling, but earlier crude ore processing could have generated chat in this size.
Sediment >16 mm is considered uncontaminated and was sampled only to determine the amount
of sediment storage (Wright, 1918).

Powdering of Coarse Particles for Geochemical Analysis. Sediment >2 mm was too
coarse for direct geochemical analysis by X-ray fluorescence (XRF). This size fraction was
placed in a fine mesh sieve and washed under tap water in a laboratory sink to remove fines.

Then, it was dried in a 60 °C oven. This composite size fraction was then powdered in a PQ-N04
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Planetary Ball Mill before geochemical analysis (Figure 11). Approximately 50 g of sediment
was placed in a tungsten carbide container with 12 — 16 ball bearings. Samples were run in the
mill for approximately one to two hours or until the sample had been completely pulverized into

a fine power.

Geochemical Analysis

All sediment samples were analyzed by a Niton XL3t series handheld X-ray fluorescence
(pXRF) analyzer to quantify elemental concentrations in the <0.25 mm, 0.25 — 2 mm, and 2 — 8
mm for bed and bar composites and <2 mm for all other samples for the following elements: Pb,
Zn, Fe, Mn, Ca, and Cd. Geochemical concentrations in the 8 — 16 mm size fraction were derived
from preliminary data gathered in Turkey Creek gravel bars (Appendix E). A select set of
samples were sent to a commercial laboratory for inductively coupled plasma mass spectrometry
(ICP-MS) analysis of aqua regia extracts using hot hydrochloric and nitric acids. The
geochemical results of the ICP-MS were compared to pXRF using regression analysis to
calibrate the Niton XL3t pXRF results to ICP-MS standard results. There is a 1:1 ratio between
pXRF and ICP-MS values for Pb and Zn. Therefore, these elements did not require calibration to
ICP-MS derived values. The following elements were corrected from pXRF to ICP-MS using
specific equations for each element: Fe, Mn, Ca, and Cd (Table 10). Duplicate pXRF samples
were analyzed approximately every 15 samples to ensure quality control. The results of the
duplicate samples indicate a mean percent difference of 4.2% for Pb, 2.5% for Zn, 2.3% for Fe,

8.0% for Mn, 1.3% for Ca, and 11.8% for Cd.
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Bulk Sediment Density

Bulk sediment density was used to convert the volumetric storge to mass and account for
void space within a given deposit. Bulk density values were not determined directly for this
study but were assumed from previously reported values. Gravel bed streams typically have a
bulk sediment density ranging from 1.7 to 2.6 g/cm’ with a mean of 2.1 g/cm? (Bunte and Abt,
2001; Milhous, 2002). For active channel sediment, this study will use a bulk density of 1.9
Mg/m? for fines (<2 mm) and 2.2 Mg/m? for coarser sediment (2 — 16 mm) (Manger, 1963;
Bunte and Abt, 2001; Pavlowsky et al., 2017). Bulk sediment density for floodplain sediment
ranged from 1.2 to 1.6 Mg/m® determined from SSURGO data (NRCS, 2020). A value of 1.4

Mg/m? was selected for all floodplain deposits.

Sediment Storage Calculations

Sediment storage was calculated using field measurements from in-channel geomorphic
features. As described above, each landform is described by the following variables: width, depth
or height above water surface, thickness, area, void, and actual area (Table 11). Width, depth,
and height above water surface were measured in the field. For the bed, thickness was calculated
as the depth of the bedrock relative to water surface minus the average bed depth. For bars,
chutes, and benches, thickness was calculated as the height above water surface plus the depth of
bedrock relative to water surface. Thickness was multiplied by the measured width of a given
feature to calculate the area. If void space was observed, the area was reduced by the estimated
percentage of void space (Table 11 and Table 12). If different forms of the same deposit type
were found at a transect with different heights of adjacent bar deposits or bars separated by a

channel bed or bar, the features were sampled and geochemically analyzed separately. The
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geometry of these multiple features was combined using their measured geometries to represent
a total feature volume. The total volume of these features was calculated, and they were treated
as a weighted percentage of the whole. For example, if a low bar and high bar were observed at a
transect, they were sampled and measured individually. If the low bar has a volume of 2 m*/m
and the high bar has a volume of 3 m?/m, the low bar will represent 40% of total bar storage and
the high bar will represent 60% of total bar storage. Splitting similar features in this manner
allows for induvial feature concentrations to be applied to total geomorphic unit storage.

The sediment and metal storage values in the active channel sediment were calculated for
each in-channel geomorphic unit from field measurements and geochemical analysis. The steps
taken to calculate storage are as follows: (i) average cross-sectional area of the deposit within the
surveyed reach length was calculated from field measurements by multiplying the width of the
deposit by its depth to bedrock; (ii) bulk density of the deposit was multiplied by the volume to
yield sediment mass; (ii1) sediment mass was multiplied by geochemical elemental
concentrations with the background value removed to quantify the mass of mining sourced Pb
and Zn within a given unit for each size fraction; (iv) storage of each feature at a transect was
added together to represent total in-channel storage; and (v) storage values at each transect of a
reach were averaged to represent mean longitudinal storage. Storage values were then divided by
the reach length to report unit storage in the mass of sediment or metal stored within a
longitudinal meter.

Background metal concentrations were subtracted from total metal analyses of sediment
samples for use in storage calculations to assess mining metal storage (also including metals
potentially from other anthropogenic sources). Background concentrations for active channel and

bank deposits were determined from two sites located in the Turkey Creek watershed and one
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site located in Grove Creek in the eastern adjacent watershed (Figure 7). Three in-channel
samples at sites B-1 and B-2 indicate a background of (i) 81 ppm Pb and 209 ppm Zn for
sediment <2 mm and (ii) 69 ppm Pb and 117 ppm Zn for sediment 2 — 16 mm. Floodplain
sampling in three uncontaminated mining sites from five samples indicates background
floodplain sediment concentrations of 48 and 253 ppm for Pb and Zn, respectively. These results
agree with other studies which estimate the background values of Pb and Zn between 20 — 91
ppm Pb and 100 — 433 ppm Zn (Table 13) (Pope, 2005; Smith et al., 2013; USFWS, 2013;
Gutiérrez, et al., 2016). The background values in the TSMD are greater than the national
baseline of 20 ppm Pb and 91 ppm Zn (Horowitz and Stephens, 2008). Given that mineralized
ore bodies and the mining industry were widely dispersed throughout TSMD, the background

streams sampled for this study may have been enriched by mining-related metals to some degree.

Analysis of Geomorphic Variables

The following variables were used to examine relationships among geomorphic variables
and channel storage of contaminated sediment: (i) probe depth (measured at the thalweg), (i1)
active width, (ii1) bankfull width, (iv) floodplain width, (v) slope, (vi) distance downstream, and
(vii) drainage area. Probe depth, active width, and bankfull width were determined from field
measurements. Floodplain width, slope, distance downstream and drainage area were calculated
in ArcGIS. These physiographic variables were then compared to volumetric storage using linear
regression modeling. Regression analysis of these variables with sediment storage variables was
used to assess which variables are the best indicators of total storage. However, certain variables
such as active channel width and average bed depth that were used to calculate volume could

result in an inflated R? value.
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Slope. A 1 m digital elevation model (DEM) was obtained from the Nation Map as part
of the 3D Elevation Program and used to calculate slope in the Turkey Creek watershed (USGS,
2020a). The elevations present in this DEM were produced from light detection and ranging data
at a resolution of one meter or higher. At each site, a point was placed at site specific transect
spacing for three times the sample reach length. At each of these points, the elevation was
extracted from the DEM. The slope was then calculated using a simple rise over run equation.
The difference in elevation was divided by their distance from each other. Site T-9.2’s slope was
calculated using the road next to it due to its narrow channel width.

Drainage Area. The drainage area for the entire Turkey Creek watershed was obtained
from Watershed Boundary Dataset (USGS, 2020b). These watersheds were determined from
topographic and hydrologic features at a 1:24,000 scale (USGS and USDA, 2013). The sub-basin
drainage area at each site was calculated in ArcGIS as follows: (i) a Im DEM was converted to a
coverage raster and mosaiced into a single dataset, (i1) the create mosaic tool was used on these
coverages to create a single dataset, (iii) a depressionless DEM fill layer was created from the
mosaic dataset, (iv) a flow direction layer was created from the fill layer, (v) a flow accumulation
layer was created from the flow direction layer, (vi) pour points were created at the first transect
for each site and snapped to the highest flow accumulation cell within a 50 m radius, and (vii)
the watershed tool was used to calculate the drainage area at the pour point for each reach. For
M-0.1, there was no 1m DEM available, so a 3m DEM was used to calculate the Ad at this site
following the above procedures.

Floodplain Width. The NRCS soil survey map was used to delineate floodplains
throughout the watershed (NRCS, 2020). Mean floodplain width was calculated at each reach

with measurements centered on each transect. These measurements were orthogonal to the
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channel and stretched across the entire floodplain. The average of these measurements was used

as the mean floodplain width in a given reach.
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Table 9. Location and characteristics of sampled sites.

Site Coordinates Influence

# Name Latitude Longitude Le(:?é,;th R-km Slope Elevation (m) Ad (km?) of ﬁ?nggilgzggi% ) Mining Urban
I M-18.8 37.0902 -94.4605 180 18.8 0.0037 297.7 38.2 2.5 0 3
2 M-17.6 37.0949 -94.4704 120 17.6 0.0027 294.1 41.7 2.3 0 3
3 M-15.8 37.1009 -94.4858 180 15.8 0.0042 288.1 54.7 3.0 1 3
4 M-13.0 37.1080 -94.5085 120 13 0.0040 281.1 60.8 2.7 0 2
5 M-11.5 37.1110 -94.5225 180 11.5 0.0033 276.7 81.0 2.3 0 2
6 M-9.0 37.1142 -94.5453 120 9 0.0035 268.3 93.2 3.6 2 1
7 M-7.6 37.1185 -94.5578 300 7.6 0.0021 265 99.4 3.9 3 1
8 M-6.8 37.1198 -94.5644 240 6.8 0.0026 262.9 100.0 39 2 1
9 M-53 37.1201 -94.5774 240 5.3 0.0016 259.9 104.8 3.8 2 0
10 M-1.9 37.1270 -94.6095 240 1.9 0.0023 251.8 112.5 4.6 2 0
11 M-0.1 37.1284 -94.6253 200 0.1 0.0016 247.7 118.5 4.4 0 0
T1 T-16.2 37.1104 -94.4726 108 16.2 0.0046 298.8 8.2 7.3 1 3
T2 T-11.7 37.0714 -94.4855 30 11.7 0.0016 308.4 2.8 6.8 1 2
T3 T-9.2 37.1081 -94.5421 30 9.2 0.0133 277.3 3.1 15.0 3 1
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Table 10. Calibration curves to convert concentrations from Niton XL3t pXRF to ICP-MS aqua
regia to values. pXRF,,m denotes the value determined from geochemical analysis with the
handheld Niton XL3t pXRF.

Element Equation R?

Ca (-0.000003 * pXRFppm)? + (1.3993 * pXRFppm) — 3221.2  0.975
Cd (1.6804 * pXRFppm) — 15.905 0.928
Fe 0.438 * pXRFppm' % 0.912
Mn 1.034 * pXRFppm'** 0.821

Table 11. Description of field measurements.

Unit Feature

Description

Active Channel
Width (m)

Bankfull Channel
Width (m)

Offset Width (Left
and Right) (m)

Bank Height (Left
and Right) (m)

Bankfull Minimum

(m)

Max Water Depth
(m)

Max Probe Depth
(m)

Max Bedrock
Depth (m)

Deposit Width (m)

Deposit Depth (m)

The horizontal distance between the left and right bank relative to water
level.

The horizontal distance between the left and right bank-tops.

The horizontal distance between the toe and top of the bank.

The height of the bank relative to thalweg.

The height of the lower bank. This represents the water depth required
to reach bankfull stage.

The depth of the thalweg at water surface.

The refusal depth of a tile probe at the thalweg.

The depth of bedrock relative to water surface measured at the thalweg.
The lateral width of the deposit.

The average depth of the bed below water surface. The average was

taken from three to five measurements with one measurement including
the thalweg.
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Table 11 continued.

Unit Feature

Description

Deposit Height Above

Water Surface (m)

Thickness (m)

Fine Depth (m)
Area (m?)
Bench/Chute Total
Area (m?)
Bench/Chute Upper

Area (m?)

Bench/Chute Lower
Area (m?)

Void (fraction)

Area-act (m?)

The average height of the deposit above water surface. The average
was taken from three to five measurements.

The distance from the top of the feature to the depth of bedrock
measured at the thalweg.

The refusal depth of a tile probe at the top a bench or chute.

The cross-sectional area of a deposit calculated from width and
thickness.

The cross-sectional area of a bench or chute calculated from width
and thickness.

The cross-sectional area calculated from the width and fine depth of
a bench or chute. Only this is counted towards bench or chute
storage.

The cross-sectional area calculated from the width and depth to
bedrock minus the fine depth of a bench or chute. This area is
counted towards bar storage.

The visually estimated area taken up by obstructions at the transect.

The cross-sectional area with the void space removed.
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Table 12. The equations used to calculate storage variables (Figure 9).

Variable Equation

Bankfull Width active width + left offset width + right offset
width

Max Bedrock Depth max water depth + max probe depth

Thickness height above water surface + depth of
bedrock

Area thickness * width

Bar Area (thickness * width) + chute deposit lower area

+ bench deposit lower area

Area-act area — (area * void)
Chute or Bench Deposit Upper Area width * fine depth
Chute or Bench Deposit Lower Area (chute or bench deposit total area-act) —

(chute or bench deposit upper area)

Table 13. Background values of in-channel and floodplain sediment determined from
background sampling (Appendix D).

In Channel Sediment

Metal (ppm) <2 mm 2-16 mm Floodplain Sediment
Pb 81 69 48
Cv% 11.8 4.6 42.2
Zn 209 117 253
Cv% 58.2 35.1 64.2
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Avg Bed Thickness”

Active Channel Width
Bankfull Channel Width

Figure 9. Cross-sectional view of sample reach describing channel features sampled in this study. OS represents bank offsets. WS

denotes water depth. PDc, PDg, and PDtH represents the probe depths of the chute, bench, and thalweg, respectively. WDTh shows the
water depth at the thalweg.
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Figure 10. Process used to create composite samples from sediment samples sieved to <2 mm.
The same process was used with sediment samples between 2 — 16 mm to create composite
samples for the 2 — 8 mm and 8 — 16 mm size fractions.
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S LA ; =
Figure 11. The ball mill used to crush coarse sediment into a fine powder.
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RESULTS

Channel Sites and Sediment Sampling

Eleven main channel sites and three tributary sites were sampled in the Turkey Creek
watershed. The eleven main channel sites were labeled by a river-kilometer (R-km) along the
centerline of the channel with zero at the mouth and distance increasing upstream (Figure 7 and
Table 9). A total of 92 active channel sediment samples and 22 bank samples were collected for
geochemical and textural analysis (Appendix D). Three channel sediment and five bank deposits
samples were collected at background sites assumed to be upstream of mining influence. Of all
the active channel sediment samples, 35% were bar deposits, 43% were bed deposits, 20% were

bench deposits, and 2% were chute deposits.

Contaminated Sediment Evaluation

The Tri-State Mining District specific probable effects concentration (TSMD-PEC) is
commonly used by project managers to determine if sediment is contaminated and will have
negative effects on local biota. The TMSD-PEC values for Pb and Zn in fine sediment (<2 mm)
are 150 ppm and 2,083 ppm, respectively (Ingersoll et al., 2009). Background values were not
removed when considering exceedances above the TSMD-PEC since both natural and
anthropogenic concentration values should be considered in this threshold (Table 13). Sediment
data indicates that channel deposits are frequently elevated above the TSMD-PEC indicating that
the entire sampled channel was contaminated by past mining activity (Table 14). Metal
concentrations in the 25™ percentile were present at concentrations near or just above the TSMD-
PEC threshold. Every site contained metal concentrations in fine sediment that exceeded the

TSMD-PEC for either Pb or Zn. Only four sites (M-18.8, M-17.6, M-15.8, and T-16.2) did not
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exceed the TSMD-PEC threshold for sites for both Pb and Zn. Due the high metal concentrations
in channel deposits, all in-channel sediment is considered contaminated sediment.

Longitudinal Volume and Mass Storage. Volume and mass storage exhibited similar
trends since mass storage was calculated from volume storage using bulk density values (Figure
12). Generally, storage values increased in mined areas, and decreased outside of them (Figure
7). Sites between R-km 8 and R-km 18.8 had storage values ranging from 5 Mg/m — 67 Mg/m (3
m?/m — 31 m?/m) while sites between R-km 0 and R-km 8 had storage values ranging from 67 —
128 Mg/m (31 m*/m — 60 m*/m). The lowest storage values were generally observed at sites
between R-km 13 and R-km 18.8 where storage was less than 16 Mg/m (8 m*/m). Site M-7.6
stored the most sediment at 128 Mg/m (60 m*/m) (Appendix F and Appendix G). This is
significantly higher than the other five sites with the highest storage values (M-11.5, M-0.1, M-
5.3, M-6.8, and M-1.9) which ranged from 67 Mg/m (31 m*/m) to 84 Mg/m (39 m*/m). Both
volume and mass storage increased throughout the channel, peaked at R-km 7.6, and then
decreased between R-km 7.6 and R-km 0. The largest storage values are observed in or near
mining drained areas (Table 9). The high storage values observed in mined areas could be related
to an input of sediment generated during mining activity (Lewin and Macklin, 1987).

Longitudinal Mass Storage by Deposit Type. The percent distribution of sediment
stored in various channel deposits varied with downstream distance (Figure 13 and Figure 14). In
general, the percentage of bar storage in the channel increased downstream, while the percentage
of bed storage decreased. Bed deposits at sites between R-km 13 and R-km 18.8 stored slightly
more sediment than bar deposits and represented approximately 46 - 61% of total in channel
storage. Bars stored the greatest percentage of sediment at sites between R-km 0 and R-km 14

and often represented greater than 75% of mass storage in this portion of Turkey Creek. Bench
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and chute storage increased throughout the channel until around R-km 5 and decreased between
R-km 5 and R-km 0. When present, benches and chutes typically represented between 5 - 13% of
mass storage. The increase in bar storage could be caused by bar aggradation associated with an
input in sediment as a result of sediment generated during mining operation (Jacobson, 1995).

The greatest relative bed storage was observed at site M-18.8 which stored 61% of in-
channel sediment, and the largest relative bar storage was observed at site M-1.9 with 85%
storage. Bench and chute storage was less than bed and bar storage at every site when these
features were present. The greatest bench storage was observed in M-9.0 which represented a
total of 22% sediment storage. This high percentage of bench storage is related to a large amount
of bedrock exposed in the channel bed which limited the deposition of bed sediment at site M-
9.0 which had an average probe depth of only 0.06 m. Bedrock controls can limit the amount of
storage creating local variability in storage values (Graf, 1996).

Sediment Size Distribution. Sediment size distributions in channel deposits varied with
downstream distance (Figure 15 and Figure 16). Coarse sediment is often overlooked when
assessing contamination in streams. The coarse (2 — 16 mm) size fraction stored the greatest
amount of sediment throughout the main channel and represented approximately 50 - 60% of
active channel storage. The lowest percentage of 2 — 16 mm sediment was observed in mining
areas between R-km 5 and R-km 13 which represented approximately 50% of active channel
storage. The >16 mm size fraction was the next most significant source of sediment comprising
approximately 25 — 30% percent of relative active channel storage. The percent of sediment in
this size fraction increased at sites between R-km 18.8 and R-km 14 from approximately 28% to
32% relative channel storage. At sites between R-km 0 and R-km 14, the percent of >16 mm

sediment began to decrease from about 32% to 25% of relative active channel storage. Despite
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being less mobile than fine sediment, the coarse fraction can remain in the channel for longer
periods of time and serve as a secondary source of contamination as metal is released through
dissolution and abrasion (Pavlowsky et al., 2017).

The <2 mm fraction accounted for the least amount of sediment contained in channel
deposits representing 10-20% of contaminated sediment storage (Figure 16). Generally, the
percent of fine sediment increased in mined areas and decreased downstream from them. The
percent of <2 mm sediment increased throughout the channel from 15% to 22% from R-km 18.8
to around R-km 7 where it began to decrease to approximately 13%. Also at R-km 7, the percent
of 2 — 16 mm sediment began to increase from approximately 50% to 62%. The greatest
percentage of <2 mm sediment was generally observed at sites that drained large amounts of
mined areas (Table 9). There was an inverse relationship between the relative amount of <2 mm
and 2 — 16 mm sediment with downstream distance. The amount of 2 — 16 mm sediment
increased near and downstream from mining areas, while the amount of <2 mm sediment
decreased. The increased percentage of fine sediment near mined areas suggests that large
amounts of fine sediments in the channel originated from milling operations (Gibson, 1972).
However, this difference may also be explained by differences in transportations rates between
fine and coarse sediment (Macklin and Dowsett, 1989).

Percent <2 mm Mass Storage by Deposit Type. There was little longitudinal variation
in the percent of <2 mm sediment stored within different geomorphic deposits (Figure 17). Bar
sediment contained slightly more fine sediment which was expected since bar deposits form at a
higher elevation and are subjected to lower flow energy compared to the bed (Bridge, 2009). The
percent of <2 mm sediment in bed deposits increased from approximately 10% to 15% at sites

between R-km 18.8 to R-km 7 then decreased from about 15% to 10% between R-km 7 to R-km

56



0. The percent of <2 mm sediment remained consistent throughout the channel in bar deposits
and represented approximately 15% of bar storage. The percentage of fine sediment in benches
increased when progressing downstream. Benches below R-km 9 were greater than 95% fine
sediment. The percent of <2 mm stored in bed and bar deposits remained fairly consistent with

downstream distance and ranged from 5 - 20%.

Geomorphic Characteristics

Volumetric storage was assessed for longitudinal trends with several geomorphic
variables: channel width (active, bankfull, and floodplain), slope, downstream distance, depth to
bedrock, and drainage area. Equations were derived from linear regression analysis for these
geomorphic characteristics and volumetric storage to determine which geomorphic
characteristics could predict channel storage. Tributaries were not included in the analysis of
sediment storage and geomorphic relationships due to their different characteristics. Volumetric
storage correlated with active (R*> = 0.97) and bankfull width (R? = 0.96), slope (R? = 0.70), R-
km (R? = 0.74), probe depth (R*> = 0.68), and drainage area (R? = 0.83). There was no
relationship between sediment storage and floodplain width.

As expected, geomorphic variables were often correlated in Turkey Creek (Figure 18).
For example, slope and R-km were inversely correlated (R? = 0.72) since the highest areas of
slope were observed in the upstream portions of the channel. Slope and active channel width
were also inversely correlated (R? = 0.61) indicating that higher channel slopes occur upstream
along smaller headwater channels. Active channel width and R-km were positively correlated
(R? = 0.57) indicating that higher channel widths were observed in the downstream portion of

Turkey Creek.
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Width. Both active channel (R? = 0.97) and bankfull (R? = 0.96) width are excellent
predictors of the volume of contaminated sediment storage. However, there was no correlation
between floodplain width and in-channel sediment storage. Sediment storage was shown to
increase linearly with an increase in both active and bankfull channel widths (Figure 19).

Slope. Storage correlated inversely with slope (R? = 0.70) (Figure 20). Sites with a slope
<0.0035 exhibited storage values greater than 30 m*/m while sites with slopes >0.0035 stored
less than 10 m*/m. This suggests that storage is reduced in segments of the stream with high
slopes. Reaches with higher slopes typically store less sediment due to greater stream power and
higher transport capacity.

R-km. Storage linearly correlated with R-km (R? = 0.74) (Figure 21). This trend indicates
that more sediment is generally stored in downstream sections of Turkey Creek. This can be
partially attributed to an increase in channel width with distance downstream and decrease in
slope and sediment transport capacity downstream which leads to an increase in sediment
storage.

Depth to Bedrock. Storage linearly correlated with depth to bedrock (R? = 0.68) with
storage values increasing with depth to bedrock (Figure 22). This is intuitive since reaches with a
greater probe depth are storing more bed sediment and add to the vertical extent of bar storage
too. However, sites M-18.8 (6.6 m*/m), M-17.6 (7.5 m*/m), and M-13.0 (4.1 m>/m) exhibited
significantly lower storage values with respect to the trend. This can be explained by relatively
narrow active channel widths and generally steeper slopes indicating transport conditions rather
than deposition on the bed.

Drainage Area. Storage linearly correlated with watershed area (R? = 0.83) with an

increase in drainage area leading to an increase in storage. However, sites M-9.0 and M-7.6 did
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not fit this trend well. Site M-7.6 had the greatest storage value (60.2 m*/m) compared to all
other sites, and site M-9.0 stored relatively little sediment (2.5 m*/m) compared to other sites
with similar drainage areas. This low storage value can be explained by a large amount of
observed exposed bedrock (Figure 23).

Larger channel width and an increased depth of bed sediment tend to result in greater
areas of storage. However, storage can be reduced in these areas by reach scale variability such
as bedrock control and valley confinement (Graf, 1996). These local variations can reduce the

precision of relationships between geomorphic variables and sediment storage.

Metal Concentrations

Metal Concentrations by Size Fraction. It is generally assumed that the highest
concentrations are associated with the smallest grain size fractions (Hékanson, 1984; Horowitz,
1991). However, the results of the geochemical analysis indicate that this assumption is not
always true (Ferguson, 2021) (Table 15). Mean Pb concentrations were highest in the 0.25 — 2
mm size fraction for bed (996 ppm) and <0.25 mm fraction for bar (436 ppm) sediments. Mean
Zn concentrations were highest in the <0.25 size fraction for bed (5,820 ppm) and 0.25 — 2 mm
size fraction for bar sediments (5,783 ppm). Mean metal concentrations in the 2 — 8 mm size
fraction were lower than the finer size fractions. Mean Pb concentrations in the 2 — 8 mm size
fraction for bed and bar deposits were 86 ppm and 75 ppm, respectively. Zn concentrations in the
2 — 8 mm size fraction for bed and bar deposits were 2,119 ppm and 2,488, ppm respectively.
The lowest concentrations were observed in the 8§ — 16 mm size fraction which had mean
concentrations of 60 ppm Pb and 1660 ppm Zn. Metal concentrations were generally highest in

the fine size fractions and lowest in the coarsest size fractions. High metal concentrations in fine
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sediment present a hazard to the environment since they can be readily bioavailable (John and
Leventhal, 1995).

Longitudinal Trends in <2 mm Sediment. Lead concentrations in <2 mm bed and bar
sediment exhibited similar longitudinal trends (Figure 24). Pb bed and bar concentrations
increased from approximately 80 ppm to 350 ppm at sites between R-km 7 and R-km 18.8. Then,
between R-km 0 to R-km 7, bar concentrations declined to 275 ppm and bed concentrations
declined to 150 ppm. Then, Pb concentrations in bed sediment decreased more sharply than bar
sediment between R-km 4 and R-km 0. Concentrations in bench sediment were similar to bed
and bar concentrations at sites between R-km 13 and R-km 18.8. Pb concentrations in bench
sediment were similar to bed and bar concentrations at sites between R-km 13 and R-km 18.8. Pb
concentrations in bench deposits were much higher than bed and bar deposits between R-km 7
and 9 where Pb concentrations were approximately 1,075 ppm. Concentrations in bench
sediment drastically decreased to about 600 ppm at R-km 1.9 where the last bench was observed
in the channel. Bed and bar deposits exhibited similar Pb concentrations throughout the active
channel with the highest concentrations observed near mining areas.

Zn concentrations generally peaked further downstream compared to Pb concentrations.
Zinc concentrations within bed and bar deposits followed similar longitudinal trends, however
Zn concentrations in bar deposits were slightly higher than bed deposits (Figure 24).
Longitudinal Zn concentrations in bed and bar deposits increased from approximately 2,000 ppm
from R-km 18.8 to R-km 4.5 where both bed and bar concentrations peaked at approximately
4,750 ppm and 6,250 ppm, respectively. Between R-km 4.5 and R-km 0, Zn concentrations then
declined to 4,125 ppm for bars and 3,125 ppm for beds. Bench concentrations were much greater

than bed and bar deposits at sites between R-km 6 and R-km 9 where concentrations were 5,600
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ppm to 7,200 ppm. Zn concentrations could have peaked further downstream due to differences
in metal transportation rates or spatial and temporal variability in mining production (Gibson,
1972; Macklin and Dowsett, 1989; Johnson et al., 2016).

Longitudinal Trends in 2 — 8 mm Sediment. Lead concentrations in both bed and bar
deposited exhibited very similar trends and values (Figure 25). Lead concentrations in bed and
bar sediment rose from background concentrations to approximately 120 ppm at sites between R-
km 18.8 and R-km 9. Concentrations in bed sediment then decreased to 75 - 100 ppm throughout
the remainder of the channel. Overall, there was little longitudinal variation in Pb concentrations
between bed and bar deposits.

Zinc concentrations in bed and bar both increased with downstream distance but
exhibited different concentrations throughout the channel (Figure 25). Zinc concentrations in 2 —
8 mm bed sediment increased throughout the entire channel. Bed concentrations rose from
approximately 500 ppm to 5,250 ppm. Zn concentrations in bar sediment increased from 750
ppm to 4,125 throughout the entire channel. The sharpest increase in bar concentration from
1,750 ppm to 4,150 ppm was observed at sites between R-km 0 and R-km 7. Bar concentrations
were higher than bed concentrations between R-km 9.5 and R-km 18.8. Between R-km 0 and R-
km 9.5, bed concentrations (1,750 ppm — 5,250 ppm) were higher than concentrations observed
in bar sediment (1,500 ppm — 4,125 ppm). Zinc concentrations in both bed and bar deposits
increased with downstream distance. However, Zn concentrations in bar deposits were higher at
sites between R-km 11 and R-km 18.8 of Turkey Creek, while Zn concentrations in bed deposits
were higher between R-km 0 and R-km 11. The downstream trend of increasing Zn
concentrations in coarse sediments while Pb concentration remained similar could be caused by

the greater number of zinc mines downstream (Figure 7) or the increased mobility of lower
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density Zn ore minerals (3.9-4.5 g/cm?) by fluvial transport compared to Pb (7.4-7.6 g/cm?)

(Klein and Hurlbut, 1985; Macklin and Dowsett, 1989).

Metal Storage Relationships

<2 mm and 2 — 16 mm Metal Storage over Width. Due to the significant relationship
between active channel width and volumetric sediment storage, the relationships between active
width and metal storage in the <2 mm and 2 — 16 mm size fractions were also evaluated. There
was a strong correlation between Zn storage in both the <2 mm (R?=0.89) and 2 — 16 mm (R? =
0.99) size fractions and active channel width (Figure 26). The relationship was not as strong for
predicting total Pb storage in the <2 mm (R? = 0.63) size fraction due to the variation in Pb
concentrations throughout the channel. However, there was a high correlation between active
channel width and Pb storage in the 2 — 16 mm size fraction (R? = 0.90). These relationships
indicate that there is a strong relationship between active channel width and metal storage by size
fraction.

Total Metal Storage over R-km and Width. Both Pb and Zn storage increased
throughout the channel up to a certain point, but they did not peak at the same downstream
distance (Figure 27). Pb storage steadily increased from nearly 0 kg/m to 12 kg/m with distance
downstream at sites between R-km 18.8 and R-km 5. Storage began to decrease to about 3 kg/m
between R-km 5 and R-km 0. Zn storage increased from 3 kg/m to 220 kg/m at sites between R-
km 18.8 and R-km 3.5. After that point, Zn storage began to decrease to 175 kg/m until the
confluence with the Spring River. The greatest storage values for both Pb and Zn were observed
at site M-7.6. Both Pb and Zn storage increased with downstream distance and then decreased

between R-km 7.6 and R-km 0. However, Pb storage peaked approximately 1.5 km further

62



upstream than Zn storage. Therefore, it seems likely that Zn and/or contaminated sediment is
dispersed more readily downstream compared to Pb.

For both Pb and Zn, total metal storage increased with active channel width (Figure 28).
Total metal storage highly correlated with active channel width for both Pb (R?>=0.92) and Zn
(R?=0.97) indicating that total metal storage can be calculated throughout Turkey Creek using
active channel width. The strong relationship between active channel width and metal storage
indicates that active channel width can be used to predict total metal storage in Turkey Creek.

Percent Storage of Metal by Size Fraction over R-km. Generally, the greatest
percentage of Pb storage was associated with <2 mm sediment in mined areas (Figure 29). At
sites between R-km 12 and R-km 18.8, Pb was stored in near equal proportions in both the fine
and coarse size fractions. Between R-km 12 and R-km 2.5, fine sediment stored the greatest
percentage of Pb (up to 84%) which indicates that the fines are the most import sink of Pb
contamination in mining areas. The relative amount of Pb stored in fine sediment then decreased
from 45% to 20% throughout the remainder of the channel.

The percent of Zn by size fraction exhibited similar trends to Pb discussed above. (Figure
29). At sites between R-km 12 and R-km 18.8, the fine fraction stored approximately 40% of in-
channel Zn. Between R-km 5 and R-km 12 the fine fraction stored the greatest relative amount of
Zn and represented approximately 60% of storage. At the two farthest downstream sites, between
R-km 0 and R-km 2, the fine size fraction stored <40% of Zn. The relative amount of Pb and Zn
stored in fine sediment increased in mining areas indicating that mining contamination remains
near mined areas.

Percent Metal Storage by Deposit Type. The percent of Pb storage among different

deposits was highly variable with downstream distance (Figure 30). Lead storage in bed deposits
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was highest at sites between R-km 18.8 and R-km 13 where it represented approximately 50% of
storage. Bed storage was lowest at sites between R-km 5 and R-km 8 and represented only 10%
of storage. At sites between R-km 0 and R-km 12, bar deposits stored the greatest relative
amount of Pb. The relative amount of Pb stored in bar deposits increased throughout the channel
and represented greater than 70% of Pb storage between R-km 0 and R-km 8. Relative Pb
storage in bench and chute deposits was highest at sites between R-km 13 and R-km 6.5 and
represented approximately 30% of Pb storage. When present, bench and chute deposits often
stored a greater relative amount of Pb than bed deposits since these deposits are contaminated
wholly by fine-grained sediment. In the upstream portion of the channel, bed deposits stored
more Pb than bar deposits. However, when progressing downstream, bar storage became
significantly greater than bed storage.

The proportion of Zn stored among different in-channel deposits varied longitudinally
(Figure 30). Zinc storage in bed deposits was greatest at sites between R-km 9 and R-km 18.8
where storage was often >45%. Bed stored decreased to approximately 10 — 20% at sites
between R-km 0 and R-km 9. The relative amount of bar storage throughout the channel
increased from 40% to 80% for the entire length of Turkey Creek. The highest percentage of Zn
storage in bar deposits was observed at site M-5.3 where it represented 94% of total Zn storage.
Bench and chute Zn was greatest between R-km 6 and R-km 13 where they represented
approximately 20% of Zn storage. Similar to Pb storage trends, Zn storage in bed deposits
decreased with downstream distance and Zn storage in bar deposits increased, greatly surpassing

bed storage.
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Table 14. Distribution of mining metal concentrations in <2mm sediments in main channel
deposits. The number of samples are shown in parentheses (n).

Percentile
Metal Deposit Min Sth 25th  50th  75th  95th Max
Bed (26) 110 127 191 305 442 594 651
Bar (31 106 131 200 300 395 673 719
Pb (ppm) Gh
Bench & Chute (15) 67 111 229 397 1,394 1,394 1,765
Bed (26) 1,385 1,672 2,228 3,151 4,293 6,909 8,503
Zn (ppm) Bar (31) 1,128 1,312 2,061 3,561 5925 7,852 11,676

Bench & Chute (15) 1,224 1,334 1,726 5,736 7,181 8,203 8,822

Table 15. Mean concentrations for bed and bar deposits in composite size fractions.
Concentrations for the bar in the 8 — 16 mm size fraction were determined from external data
(Ferguson, 2021). The ratios between bar deposit concentrations in the 2 — 8 mm and 8 — 16 mm
size fractions were used to estimate metal concentrations for bed deposits in the 8 — 16 mm size

fraction.
Bed Bar

év[e;fg <025 025-2 2-8 8-16 <025 025-2 2-8 8-16
pp mm mm mm mm mm mm mm p—

Pb 413.7 996.3 86.3 69.0 435.9 228.7 75.4 60.4

Zn 5,819.6  4946.2 2,1189 1,412.6 5,366.6 5,783.1 24879 1,659.6
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Figure 30. Percentage of Pb (A) and Zn (B) storage by deposit type.
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DISCUSSION

Distance Regression Models

Distance regression models (DRM) results are summarized for metal concentrations and
sediment and metal storages by sediment size fractions and channel deposits for three different
main channel segments (Table 16 and Table 17). The divisions of segments were based on
proximity to mined area to show how storage and metal concentrations vary with mining
intensity. The lower segment was placed just downstream from mined areas. The middle
segment was in the most extensively mined areas of the watershed. The upper segment was
placed upstream from the most heavily mined segment of the channel (Table 17) (Figure 7).
Mined areas located in the Oronogo-Duenweg District at the northeastern corner of the
watershed drained into this segment. However, metal concentrations were relatively low below
site T-16.2 (65 ppm Pb and 2,018 ppm Zn). Therefore, it does not seem that significant quantities
of these tailings and metals were transported to the main channel of Turkey Creek by tributaries
(Figure 7). The goal of the discussion chapter is to apply DRM to different segments in the
channel and explain the geomorphic factors which affect metal concentrations and contaminated
sediment storage.

DRM derived from field data were used to determine storage and concentration values by
calculating values at 100 m intervals (Table 16). These values were summed to get storage
values and averaged for metal concentrations. Occasionally, these models predicted negative
storage in the upper and lower portions of the channel. When that occurred, these values were
changed to zero and denoted with an asterisk. Generally, this occurred in the upper reaches
where storage values were low. Therefore, zero values had little effect on modeled total storage.

Bench and chute storage values were determined by subtracting the sum of bed and bar deposits
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from total storage values. The gaps between sampling sites were filled by modelling storage at
100 m increments. Modeling storage and concentration values from these trendlines at 100 m
intervals is an appropriate approach to assess longitudinal storage since trends in metal
concentrations and storage tend to change gradually (Marcus, 1987; Graf, 1996; Pavlowsky and
Owen, 2016).

Longitudinal Modeling of Sediment and Metal Storage. DRM predicts 439,626 m*
(575,009 yd®) and 954,231 Mg of sediment is stored between R-km 0 and R-km 18.8 (Table 16
and Table 17, equations 1 and 2) (Figure 12). DRM also estimates fine metal storages of 78,913
kg Pb and 1,121,565 kg Zn, coarse metal storages of 47,763 kg Pb and 1,040,196 kg Zn, and
total metal storages of 126,676 kg Pb and 2,161,761 kg Zn indicating that fine sediment stores
the most significant amount of Pb and Zn (Table 16 and Table 17, equations 19, 20, 24, 25, 26,
and 30) (Figure 31).

Spatial Distribution of Mass and Volume. The largest mass of sediment (74%) is stored
in the heavily mined middle segment (Table 16 and Table 17, equation 2). Sediment storage
generally increased throughout the channel and then began to decrease around R-km 4 (Figure
12). Similar to total sediment storage, metal storage increased throughout the channel with the
highest storage values estimated in the middle segment (Table 16 and Table 17, equations 24 and
30) (Figure 27). This middle segment represents 56 percent of the main channel length assessed
and stores 80 percent of total Pb and 77 percent of total Zn. Despite their significantly smaller
geometry, tributaries stored a significant amount of contaminated sediment. Sites T-9.2 and T-
16.2 stored the second and third greatest amount of Pb in the channel due to high Pb

concentrations in fine sediment at site at T-9.2 and coarse sediment at site T-16.2. Total Pb
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storage began to decrease near R-km 5 while total Zn storage began to decrease slightly farther
downstream at around R-km 3.5.

Sediment and metal storage is not uniform throughout a channel and is controlled by
reach scale variability (Graf, 1996; Pavlowsky and Owen, 2016; Martin and Pavlowsky, 2011).
The downstream storage trends of sediment can be affected by several factors. First, sediment is
not uniformly transported throughout a channel; it is commonly transported discontinuously as
sediment waves or slugs (Jacobson 1995; Graf, 1996). This results in areas of high and low
sediment storage throughout the channel. Second, sediment is deposited when stream power
decreases. Areas of deposition include reaches with relatively greater width and lower slope.
Third, tributaries deliver sediment to the main channel increasing the total sediment load below
them. Fourth, the distribution of mining and milling operations generated large quantities of
sediment which make their way into the channel through weathering and erosion increasing the
total sediment load. All of these factors combine to control the downstream distribution of
mining contaminated sediment.

Active Channel Width and Sediment Storage. Active channel width was the strongest
predictor of sediment storage (R? = 0.97) (Figure 19). The greatest channel widths were observed
in the mining impaired middle segment of the channel (Figure 18). Similar channel widths were
also observed in the lower segment. Channel width was generally larger in downstream sections
of the channel (R? = 0.57). Ozark streams typically exhibit spatially discrete stable segments and
disturbance reaches. These disturbance reaches often trap large quantities of sediment (Jacobson
and Primm, 1994; Jacobson, 1995; Martin and Pavlowsky, 2011). These greater channel widths
could be caused by channel adjustment due to large sediment inputs related to mining activities

which would explain the greater channel widths near mined areas (Pavlowsky and Owen, 2016).
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Inflow from tributaries could also be responsible for an increase in channel width at sites
downstream from tributaries. For example, sites M-15.8 and M-11.5 were located just
downstream from tributary confluences (Figure 7). Both sites had active channel widths greater
than sites upstream and downstream from them.

Streams in the Viburnum Trend in the Southeast Missouri Lead Mining District has also
shown a strong relationship between active width and volumetric storage (Pavlowsky and Owen,
2016). The regression equations determined from this study and the Viburnum Trend study were
compared to determine whether active channel width can serve as a predictor for sediment
storage between different study sites. Regression modeling indicated that storage in Turkey
Creek was higher than in the Viburnum Trend at all channel widths (Figure 32). The greatest
difference between storage values was calculated at an active channel width of 25 m where
storage values in Turkey Creek were 1.5 times greater than storage in the Viburnum Trend. At
channel widths greater than 25 meters, the relative difference in storage values began to
decrease. The least difference between storage values was calculated at an active channel width
of 15 m where storage was 1.2 times greater than in Turkey Creek. The width equations and
storage estimates presented in this study closely follow the estimates shown in the Viburnum
Trend. Therefore, more research is needed to develop a storage modelling framework that

applies to a wider range of Ozark streams.

Metal Concentrations
The highest Pb and Zn concentrations were always observed in the middle mining
contaminated segment with the exception of coarse Zn concentrations which were highest in the

lower segment (Table 16 and Table 17, equations 9 — 18) (Figure 24 and Figure 25). Lead and
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Zn, concentrations were typically lower in coarser size fractions than the fine <2 mm fraction.
The lowest mean Pb and Zn concentrations were always attributed to the coarsest size fraction
(Table 15). Metal concentrations observed in coarse 2 — 8 mm sediments are elevated well above
background concentrations and exceed the TSMD-PEC concentrations of 150 ppm for Pb and
2,083 ppm for Zn between R-km 0 and R-km 13 for Pb (excluding site M-1.9) and R-km 0 and
R-km 9 for Zn (excluding site M-6.8) (Figure 25) (Ingersoll et al., 2009).

Fine sediment (<2 mm) exhibits concentrations that often far exceed the TSMD-PEC and
crossed the threshold for Pb or Zn at every site indicating that the entire sampled length of
Turkey Creek was contaminated by past mining and milling operations (Figure 24). These high
metal concentrations agree with previous studies which have indicated that fine channel
sediments were frequently present above the TSMD-PEC (Peebles, 2014; Gutiérrez et al., 2015;
Smith, 2016; HGL, 2019). Smith concluded that Pb and Zn concentrations exceed the TSMD-
PEC in nearly every gravel bar sample (Smith, 2016). The measured metal concentrations
indicate that fines present in active channel deposits present a direct risk to the ecological health
of Turkey Creek.

Lack of Simple Source Decay Trend. Zn concentrations and storage were higher in the
downstream portion of the channel when compared to Pb trends (Figure 24; Figure 25; Figure
27). Generally, when progressing downstream from contamination, metal concentrations
decrease exponentially due primarily to the mixing of uncontaminated sediment (Glover, 1964;
Lewin, 1978; Wolfenden and Lewin, 1978). However, this lack of a simple source decay trend
could be caused by several factors related to mining source effects and sediment-metal transport
factors. First, the spatial distribution of tailings piles can contribute to the lack of a clear source

decay. This watershed had multiple mining and other industrial sources of contamination
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scattered across the watershed which added contaminated mining sediment to the natural load
increasing metal concentrations in the active channel sediment at different points in the channel
network (Figure 7). Second, the total amount, concentration, and size fractions of tailings
generated during milling varied spatially and temporally. Throughout the history of the mining
district there were numerous ore processing techniques that had varying ore recovery rates and
produced different quantities and sizes of tailings (Wright, 1918; Gibson, 1972). The mills in the
Joplin subdistrict did not follow a standard milling procedure and produced different sized
particulate with varying metal concentrations (Table 6 and Table 7) (Gibson, 1972). Further, as
time progressed in the Joplin subdistrict, the amount of ore production changed. The earliest
operations only focused on extracting Pb and produced the least amount of ore. Later operations
primarily focused on Zn and produced the greatest quantity of tailings (Wright, 1918; Gibson,
1972). It is difficult to quantify the concentrations and amount of tailings produced by different
milling sites since mining records were poorly recorded in the Joplin subdistrict (Gibson, 1972).

Transport factors include both sediment and geochemical effects. The third reason for the
lack of a simple decay trend may be related to sediment supply. Sediment input from tributaries
can influence metal concentrations in the active channel (Marcus, 1987). All of the sampled
tributaries exhibited mining impairment to varying degrees (Table 9). Of the three tributaries
sampled, fine metal concentrations were all above the TSMD-PEC for either Pb or Zn, so it is
likely that they delivered contaminated mining sediment to the active channel and still do today.
Tailings were even observed wasting directly into the tributary channel at site T-9.2 (Figure 6).
Conversely, tributaries that did not drain mined areas, which were primarily located in the lower
and upper segment, would deliver uncontaminated sediment to the channel reducing overall

metal concentrations by dilution and mixing in these areas (Figure 7). Fourth, variability in Pb
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and Zn geochemistry and mineralogy could be contributing to the lack of a simple source decay
trend. Zinc is more geochemically mobile compared to Pb in the TSMD (Johnson et al., 2016;
Gutiérrez et al., 2020). Mobile elements dissolve more readily and can adsorb to organic matter
and clay particles in the fine size fraction that are easily transported downstream by seasonal
floods (Hakanson, 1984; Horowitz, 1991). Zinc could also be transported more easily
downstream than Pb since Zn due to differences in mineral densities. Zinc bearing minerals
(sphalerite and smithsonite) have specific gravities ranging from 3.9 — 4.5, while the common Pb
mineral (galena) has a specific gravity of 7.4 — 7.6 (Klein and Hurlbut, 1985). Therefore, Zn
minerals have a lesser entrainment threshold (Macklin and Dowsett, 1989). These factors
combine to produce a non-uniform pattern of storage which does not follow a simple decay
curve trend.

Concentrations Near Areas of Remediation. Sites M-11.5, M-7.6, M-6.8, and M-5.3
were all located in areas remediated by the EPA. Sites M-11.5, M-7.6, and M-6.8 are under
active remediation, and site M-5.3 is completed. The results of geochemical analysis indicate that
active channel sediment at these sites is still elevated well above background concentrations. In
fact, storage values near remediated sites were often the highest. These results agree with
previous research in the region which has also found elevated metal concentrations near
remediated areas (Peebles, 2014; Gutiérrez et al., 2015; Smith, 2016; HGL, 2019). Remediation
is relatively recent in Turkey Creek and is still ongoing in the watershed (Figure 7). Even after
removing the source of contamination, it can still take decades or centuries for concentrations to
decrease after clean-up due to the slow dilution of in-transit contaminated sediment and

continued release of stored meatal in floodplain deposits (Walling et al., 1998; Davis, 2009).
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Sediment and Metal Storage by Deposit

Bar deposits stored the greatest amount of sediment in the channel (Figure 13). In the
middle segment, bars stored more than 80 percent of in channel sediment (Table 16 and Table
17; equations 4, 21 - 24, and 27 - 30). Bars also stored the greatest mass of Pb (68% to 78%) and
Zn (65% to 75%) in every channel segment (Figure 30). Also, bench and chute deposits stored
23 percent of Pb and 12 percent of Zn in the middle segment despite accounting for only 6
percent of total sediment storage since these deposits are fine-grained with high concentrations
of metals. The percent of sediment and Pb storage in bars increased with downstream distance
and then slightly decreased around R-km 3 (Figure 14 and Figure 30). The percent of Zn storage
in bars increased downstream. Downstream sediment and metal storage trends are typically
variable among different deposits due to the spatial distribution of sediment input sources,
variance in the concentrations and size of tailings generated, and channel storage capacity
(Walling et al., 2003; Pavlowsky et al., 2017).

Comparison to Previous Storage Estimates. Smith reported that 88,000 m* of
contaminated bar sediment is stored within a 16.3 km stretch of Turkey Creek beginning at the
confluence with the Spring River (Smith, 2016). Smith determined the mean depth of
contaminated bar sediment and multiplied this value by the aerial extent of gravel bars to
determine the volume of contaminated sediment. The present study applies regression modelling
to predict bar storage at 100 m segments for the same 16.3 km stretch and estimates that 336,000
m?> of contaminated sediment is stored within bars for the same segment (Figure 33). The present
study could have come to a larger calculation of stored sediment in gravel bars due to the in-
channel measurement of bar width and depth. Smith’s study used aerial imagery to delineate bar

area. The gravel bars observed in the field were often vegetated and located underneath tree
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cover creating conditions which could potentially be difficult to delineate from aerial imagery. It
is possible that measuring gravel bar areas in the field compared to remote sensing could lead to
greater bar areas. The different methods used to calculate sediment volume could also affect the
estimate of total bar storage. This study calculated gravel bar volumes at multiple sites and then
used regression modelling to determine total channel storage, while Smith determined total bar
area in the assessed channel, summed the total bar areas in the reach, and applied the mean depth
to bedrock to determine volume of the whole stream. Applying a mean depth of bedrock could
also lower the estimate of total storage. Smith’s average gravel bar height was 1.4 m. In the
present study, sites with high storage values gravel often had bar heights >1.6 m (Appendix B).
Smith’s evaluation of samples at the PEC instead of background value did not play a major role
in reducing storage, since 99 percent of the samples were determined contaminated (Smith,
2016). It 1s possible that model estimates predict greater bar storage than what is present in the
channel since it has a relatively low R? value (0.54) (Figure 33). Further, more work needs to be

done to refine DRM storage estimates.

Sediment and Metal Storage by Size Fraction.

Fine sediment represents 20% of the total mass of contaminated sediment in the middle
segment of the stream whereas coarse 2 — 16 mm sediment represents 52% and sediment >16
mm represents 28%. (Table 16 and Table 17; equations 19, 20, 24 - 26, and 30). Despite
accounting for only a fifth of channel storage, the fine fraction stores 67% of Pb and 56% of Zn
in this segment. The coarse fraction stored less Pb and Zn in the middle segment compared to the
fine fraction. However, in the lower and upper distal segments coarse sediment often stored the

most metal. In the lower segment 69% of Pb and 65% of Zn storage was associated with the
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coarse fraction. In the upper segment, 59% of Pb and 46% of Zn was associated with the coarse
fraction. This association of metals with the coarse size fraction is a result of milling operations
which produced large quantities of chat waste (Wright, 1918; Gibson, 1972). Ignoring the coarse
fraction in a metal analysis of the stream would exclude 39% of total Pb storage and 48% of total
Zn storage.

While this study is the first to quantify total metal storage in the coarse size fraction in
the TSMD, previous research on Big River which drains the Old Lead Belt mines in Saint
Francis County, Missouri which closed in 1972 indicated that the coarse size fraction accounted
for 60 percent of Pb storage in the channel (Pavlowsky et al., 2017). Coarse sediment can remain
an important source of contamination since it has a higher transport threshold and can remain in
the channel for longer periods of time (Ritcey, 1989). The metal stored in coarse channel
sediments can serve as a secondary source of contamination as these metals are released to the
environment through abrasion and dissolution (Pavlowksy et al., 2017). For these reasons, coarse

sediment should be considered when assessing contamination.

Future Work

Contaminated Sediment in Floodplain Deposits. Floodplains represent a significant
source of sediment storage within a watershed. The mass of contaminated floodplain sediment
was estimated and compared to the mass of channel sediment in Turkey Creek. The floodplain
area was determined as 6,755,000 m? from the web soil survey with active channel and
completed remediation areas removed (NRCS, 2020). Both frequently and occasionally flooded
soil series were delineated as the floodplain. Floodplain sediment in Turkey Creek is wholly

fine-grained (<2 mm) (Eades et al., 2021). The mean depth of floodplain contamination is 0.5 m
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(Smith, 2016). However, floodplain sediment may be contaminated up to depths of 1 m near the
channel (Eades et al., 2021). This estimate of contaminated floodplain sediment should be
considered a minimum since it does not account for greater depths of contamination near the
channel. Multiplying the floodplain area and mean depth of contamination by bulk density (1.4
Mg/m?) indicates that at least 4,729,000 Mg of contaminated sediment is stored in the
floodplains along Turkey Creek. Comparatively, the mass of active channel fine sediment is
197,300 Mg (Table 17). Therefore, fine sediment storage in the floodplain is >10 times
compared to the channel. Another storage study conducted in a mining impacted stream in the
Ozarks found that active channel and floodplain sediment was stored in a similar ratio
(Pavlowsky et al., 2017).

Applying an estimated bank erosion rate of 0.25 m/yr determined from a geospatial
analysis of past and present bank lines between 1990 and 2015 to the same depth of
contamination (0.5 m) indicates that 7,000 Mg of contaminated sediment between R-km 0 and R-
km 18.8 may be entering the channel each year from bank erosion. This would represent
approximately 4% of active channel fine sediment storage (197,300 Mg). Although the
floodplain stores considerably more fine sediment, this does not make the in-channel
contaminated sediment insignificant. Sediment stored within the channel is considered more
mobile and can be dispersed throughout the watershed much more readily (Wolfenden and
Lewin, 1977; Montgomery and Buffington, 1997). Establishing thicknesses and metal
concentrations among different soil horizons throughout the watershed and addressing the
remobilization of stored metals in the suspended load as floodplain sediment is weathered into

the channel would be beneficial in understanding floodplain storage.
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Bank erosion may be a significant source of sediment and metals to the suspended
sediment load. However, compared to the suspended sediment load, bank erosion inputs can be
significant. For example, suspended sediment yields for five undisturbed watersheds in
southwest Missouri (i.e., Springfield Plateau) ranged from 27 to 53 Mg/km? with a median of 35
Mg/km? (Pursley, 2021). At a 119 km? drainage area for Turkey Creek that would estimate a
suspended load of about 4,165 Mg/yr while bank erosion estimates 7,000 Mg/yr. Therefore, bank
erosion may be a significant source of fine sediment and metals to Turkey Creek, but more
research is needed to verify this possibility.

TMSD Geomorphic Relationships. This study focused on eleven main channel sites in
Turkey Creek which represents only a small portion of the greater TSMD. Turkey Creek is one
of many streams that has been impaired by historic mining (Johnson et al., 2016; Juracek and
Drake, 2016; Smith, 2016). A more in-depth study including multiple streams draining mined
areas throughout the TSMD could apply a similar approach of modelling sediment storage with
the geomorphic variables addressed in this study. Adding multiple streams could provide further
support for the geomorphic trends established in this study (Figures 19 - 23). A broader studying
focusing on multiple streams throughout the TSMD would help inform project managers as to
the spatial distribution of contaminated sediment throughout channels in the region. Channel
width may be a better predictor of sediment and metal storage than river-kilometer based on
downstream measurements of active width using aerial photography (Pavlowsky and Owen,
2016). However, this aspect was beyond the scope of the present study but may offer
opportunities for future studies.

Sediment Monitoring. Since metal concentrations and sediment transport are variable

with time, setting up a long-term sediment monitoring program may be beneficial to
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understanding the future distribution of sediment throughout the channel (Rhoads and Cabhill,
1999). Assessing channel sediment concentrations over time would help to establish the effects
of remediation in reducing overall metal contamination throughout the channel. If implemented,
future monitoring sites are suggested to be located at sites M-1.9, M-5.3, M-7.6, T-9.2, and M-
11.5 (Figure 7). Site M-1.9 is located downstream from a competed area of remediation. Site 5.3
is in an area of completed remediation. Sites M-7.6, T-9.2, and M-11.5 are all located in areas of
active remediation. Site M-7.6 is arguably the most important site for future monitoring since it
stored by far the greatest quantity of contaminated sediment. Placing monitoring sites in areas
with different remediation statuses would allow for an understanding of the effect of remediation
on longitudinal metal concentrations. These monitoring sites should focus on bar deposits since
they store the greatest amount of contaminated sediment. The locations of past, present, and
future gravel bars could be delineated using LiDAR or aerial imagery to establish the rate at
which sediment is moving throughout the channel (Flener et al., 2013; Nelson and Dubé, 2016).
This would give a time frame as to when metal concentrations in the channel are expected to
decrease since new sediment entering the channel should be uncontaminated due to the

remediation of tailings piles and floodplain soils.
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Table 16. Distance regression equations used to predict storage and concentration trends.
Asterisks denote the equations predicted negative values at certain distance values.

Equation

4 Equation (x = R-km) n R?
0.0336x> - 1.027x% + 6.209x
1 Total Volume (m>/m) 11 0.53
+30.10
0.0739x - 2.249x* + 13.58 +
2 Total Mass (Mg) 11 0.54
65.09
-0.0058x> + 0.2526x° -
3 Total Bed Storage (Mg/m) 11 0.57
3.484x +22.411
0.0691x> - 2.1728x* +
4 Total Bar Storage (Mg/m) 11 0.53
14.554x +42.773
5 Total Bench and Chute Storage 0.0739x> - 2.2494x> + 7 054
(Mg/m)* 13.583x + 65.089 '
0.0169x> - 0.5536x* +
6 Total <2 mm Storage (Mg/m) 11 045
4.1901x + 6.8923
0.0349x> - 0.9997x% + 4.735x
7 Total 2 - 16 mm Storage (Mg/m) 11 0.59
+42.13
0.0185x> - 0.5885x* +
8 Total >16 mm Storage (Mg/m) 11 05
3.8824x +16.255
9 Pb Bed Concentrations <2 mm  0.2422x> - 8.995x* + 81.865x 1 067
Sediment (ppm) +128.12 .
Pb Bar Concentrations <2 mm -0.0512x3 - 0.8177x +
10 11 0.58
Sediment (ppm) 20.467x + 266.74
" Pb Bench Concentrations <2 mm 1.1844x3 - 43.401x> + 6 074
Sediment (ppm)* 402.76x - 40.518 '
Zn Bed Concentrations <2 mm 3.7893x% - 118.54x% +
12 11 0.75
Sediment (ppm) 857.03x + 3010
3 Zn Bar Concentrations <2 mm  4.1287x> - 138.7x% + 1005.2x 1 o081
Sediment (ppm) +4118.7 .
14 Zn Bench Concentrations <2 mm  4.5566x> - 169.98x> + 1483x 6 088
Sediment (ppm) +3164.3 )
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Table 16 continued.

Equ;tlon Equation (x = R-km) n R2?
Pb Bed Concentrations 2-8 mm -0.0517x> + 0.4174x> +
15 11 0.66
Sediment (ppm)* 4.3284x + 87.832
Pb Bar Concentrations 2 - 8 mm -0.0461x> + 0.0679x> +
16 . 11 042
Sediment (ppm)* 9.4997x + 73.021
7Zn Bed Concentrations 2 - 8 mm  2.6058x° - 56.409x? - 85.561x
17 11 0.56
Sediment (ppm) +5257.2
7Zn Bar Concentrations 2 - 8 mm -1.0762x3 + 40.657x> -
18 . 11 0.77
Sediment (ppm) 570.97x +4181.4
Total Pb Mass <2 mm Sediment  0.012x> - 0.4149x> + 3.6263x
19 11 0.39
(kg/m)* -0.9749
Total Pb Mass 2 - 16 mm Sediment 0.0012x> - 0.0504x> +
20 11 0.41
(kg/m)* 0.3638x + 3.057
) 0.0004x> - 0.0115x> + 0.046x
21 Total Pb Mass Bed Sediment (kg/m) 11 047
+1.0378
0.0077x> - 0.2793x> +
22 Total Pb Mass Bar Sediment (kg/m) 11 0.38
2.4311x +1.8722
Total Pb Mass Bench & Chute 0.0128x> - 0.4233x> +
23 6 0.54
Sediment (kg/m)* 3.6902x - 4.7052
0.0132x3 - 0.4653x> + 3.990x
24 Total Pb Mass (kg/m) 11 04
+2.082
’s Total Zn Mass <2 mm Sediment 0.1362x> - 4.422x> + 33.32x + 0 0s
(kg/m) 40.95 '
Total Zn Mass 2 - 16 mm Sediment  0.0458x> - 1.029x? - 3.255x +
26 11 0.68
(kg/m) 130.7
0.0111x> - 0.1631x? - 2.8349x
27 Total Zn Mass Bed Sediment (kg/m) 11 0.75
+46.337
) 0.13x3 - 3.92x> +21.436x +
28 Total Zn Mass Bar Sediment (kg/m)* 199,68 11 053
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Table 16 continued.

Equ;tlon Equation (x = R-km) n R?
29 Total Zn Mass Bench & Chute  0.0927x> - 3.0281x> + 25.647x 6 045
Sediment (kg/m)* -26.665 '
3 2
30 Total Zn Mass (kg/m) 0.1820x7 - 3.447x" + 30'(1);); Z 11 0.55
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Table 17. Sediment storage and metal concentrations in distinct segments in Turkey Creek.

Segment (R-km)

Lower

Middle

Upper

0-2) 2-125  (125-188) o
m’ 73,450 326,477 39,700 439,626
3
Sediment yd 96,068 427,016 51,925 575,009
Storage Mg 159,078 706,966 88,187 954,231
Mg (%) 16.7 74.1 9.2 100.0
<2 mm 14.3 20.4 14.5 18.8
2 -16 mm 60.2 51.7 51.9 53.2
Sediment >16 mm 25.6 27.8 33.5 28.0
Distribution
by Mass (%) Bed 25.4 14.0 53.5 19.5
Bar 71.9 80.3 47.9 75.9
Bn & Ch 2.6 5.8 -1.5 4.6
<2 mm 31.1 67.0 40.8 60.8
2 -16 mm 68.9 33.0 59.2 39.2
Bed 19.6 9.0 30.4 11.7
Pb Mass (%)
Bar 72.1 67.6 77.7 68.8
Bn & Ch 8.4 23.4 -8.1 19.5
Total (Mg) 14,851 104,267 10,749 129.9
<2 mm 35.2 55.9 53.7 51.9
2 -16 mm 64.8 44.1 46.3 48.1
Zn Mass (%) Bed 22.2 13.9 36.5 16.5
Bar 75.0 74.5 65.4 74.2
Bn & Ch 2.7 11.6 0.0 9.4
Total Mg) 408,760 1,658,806 94,196 2,161.8
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Table 17 continued.

Segment (R-km)

Lower

Middle

Upper

(0-2) 2-125  (125-188) oW
Bed 198.2 306.7 1415 239.6
StDev 403 37.1 37.4 85.6
Cv% 203 12.1 26.5 35.7
Metal Bar 286.0 334.8 177.7 277.0
Concentration  gtpey 11.6 16.1 80.1 86.3
Pb <2 mm
(ppm) Cv% 4.0 4.8 45.1 312
Bn & Ch 307.4 887.1 209.4 596.8
StDev 195.8 161.0 146.3 363.6
Cv% 63.7 182 69.9 60.9
Bed 92.6 115.0 62.8 96.7
StDev 3.1 72 30.6 292
Metal = o 33 6.3 48.7 302
Concentration
Pb2-8mm Bar 82.5 119.4 65.2 98.8
(ppm) StDev 5.9 10.6 33.0 31.8
Cv% 7.1 8.9 50.6 322
Bed 3713.0 4096.6 2107.6 3391.0
StDev 394.9 695.6 194.4 1066.9
Cv% 10.6 17.0 9.2 31.5
Metal Bar 49470 5257.1 1937.0 4116.0
Concentration ¢y 465.4 966.3 519.6 1739.0
Zn <2 mm
(ppm) Cv% 9.4 18.4 26.8 423
Bn & Ch 4424.6 6059.7 2330.2 4634.9
StDev 7215 835.5 849.9 1897.0
Cv% 16.3 13.8 36.5 40.9
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Table 17 continued.

Segment (R-km)
Upper Middle Lower Total
(0-2) (2 -12.5) (12.5 - 18.8)
Bed 5100.0 26463 313.1 21412
StDev 1183 1370.0 252.7 1816.9
Metal = o, 23 51.8 80.7 84.9
Concentration
Zn2-8mm Bar 3663.7 1918.3 1040.8 1819.7
(ppm) StDev 306.5 529.0 179.6 874.1
Cv% 8.4 27.6 17.3 48.0
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Figure 32. Relationship between volumetric sediment storage in Turkey Creek (TC) (n=11) and
six streams the Viburnum Trend (VT) (n = 62).
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Figure 33. Downstream trend for contaminated sediment storage in channel bar deposits.
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CONCLUSION

Despite most mining activities ending in the 1920s, Pb and Zn contaminated sediment is
dispersed throughout Turkey Creek and its tributaries located below mining sites. This study
provides information on the spatial trends of metal concentrations in the main channel and
tributaries, quantifies the storages of Pb and Zn in both fine and coarse sediment, and among
different fluvial deposits. In addition, in-channel storage of sediment and metals is explained by
geomorphic characteristics using regression modelling. There have been no previous studies in
the region that have considered coarse-grained sediment or applied a geomorphic approach when
assessing mining-related contamination. This study has filled a research gap by quantifying the
amount of Pb and Zn stored within fine and coarse grain size fractions and determining the
relationships between different geomorphic characteristics and sediment storage. Further, the
results of this study can be useful for informing project managers throughout the region on the
location of metalliferous channel deposits for remediation.

Storage values were calculated from field surveys of channel deposits, sediment size
analysis, and geochemical analysis. Mining activities generated large amounts of “chat” in coarse
size fractions which accounts for 39 percent of Pb and 48 percent of Zn storage in the active
channel including bed, bar, bench, and chute deposits. Therefore, coarse sediment management
should be considered when assessing contamination throughout the watershed. Once
contaminated sediment enters the channel, it can remain as a secondary source of contamination
for extended periods of time through remobilization by geochemical weathering, dissolution, and

abrasion. To date, this is the only study in the TSMD to determine Pb and Zn storage trends in
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multiple sediment size fractions and different channel deposits. The primary conclusions of this

study are:

1. Mass sediment storage increased downstream from R-km 16.5 until R-km 4 where it
began to decline. The largest storage values were observed in gravel bars which
stored 76 percent of contaminated sediment mass overall.

2. Active channel width, downstream distance (R-km), and drainage area strongly
correlated with volumetric storage showing that channel geometry can be used to
estimate total metal storage within the Turkey Creek main channel using linear
regression modeling.

3. The highest Pb and Zn concentrations were observed in fine sediment with metal
concentrations often far exceeding the Tri-State Mining District specific probable
effects concentration. Metal concentrations did not follow a standard distance decay
trend. Lead concentrations in channel sediment began to decrease farther upstream
compared to Zn for both fine and coarse size fractions. Mining history, clustered
mining sites, and variable geomorphic controls on sediment storage contributed to the
non-uniform dispersal of contaminated sediments.

4. Approximately 440,000 m> (575,000 yd®) of sediment, 127,000 kg of Pb, and
2,200,000 kg of Zn are stored within the Turkey Creek main channel below R-km
18.8. Coarse sediment stored 47,800 kg of Pb and 1,040,000 kg of Zn. Seventy-four
percent of was sediment storage, 80 percent of Zn storage, and 77 percent of Zn
storage, was located in the middle segment which was characterized by draining
mined areas.

Understanding longitudinal storage and metal trends, metal storage by size fraction and
deposit, and the relationship between storage and geomorphic characteristics all aid in
remediating contained sediment in Turkey Creek. Knowing the spatial distribution of metal in
the channel can guide remediation efforts to focus on reaches in Turkey Creek with the greatest
remaining contamination. The coarse sediment size fractions are often overlooked in studies
assessing heavy metal contamination. However, this study concludes a significant percentage of
Pb and Zn in the active channel is associated with coarse sediment. Evaluating storage in size
fractions could help predict future trends of contaminant dispersal since residency time is

directly related to grain size. The relationship between active channel width and sediment storage
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could potentially be used to estimate total volume of sediment for similar streams, but more

research would be required to validate the claim.
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APPENDICES

Appendix A. The Measured Geometry at Each Transect for Every Sample Site.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)

Site  Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull
offset offset (min)

1 37.0902 -94.4605 13.5 2.0 0.3 15.8 0.82 0.05 0.87 372 1.82 1.82

37.0903 -94.4608 13.0 2.0 2.0 17.0 0.82 0.05 0.87 282 382 282

1

2
1 3 37.0902 -94.4612 12.0 3.0 3.0 18.0 0.66 0 0.66 466 296 296
1 4 37.0903 -94.4615 17.0 0.5 1.0 18.5 0.36 0.2 0.56 246 2.16  2.16
1 5 37.0903 -94.4618 194 0.5 1.0 20.9 0.35 0.1 0.45 195 215 1.95
1 6 37.0904 -94.4621 14.0 2.0 0.5 16.5 0.45 0.45 0.9 335 145 145
1 7 37.0904 -94.4623 14.2 3.0 3.0 20.2 0.15 0.43 0.58 3.05 3.05 3.05
2 1 37.0949  -94.4704 10.5 1.0 4.0 15.5 0.36 0.23 0.59 2.16 2.06 2.06
2 2 37.0950 -94.4706 11.5 2.0 2.0 15.5 1.15 0.00 1.15 295 385 295
2 3 37.0950 -94.4708 16.0 2.0 2.0 20.0 0.80 0.10  0.90 260 350 2.60
2 4 37.0949 -944710 21.0 3.0 3.0 27.0 0.15 0.10  0.25 225 255 225
2 5 37.0949  -944713 9.0 4.0 2.0 15.0 0.35 0.00  0.35 245 215 215
2 6 37.0950 -94.4715 115 0.0 3.0 14.5 0.60 0.30  0.90 3.00 3.00 3.00
2 7 37.0950 -94.4717 11.0 1.5 1.5 14.0 0.40 0.60 1.00 240 240 240
3 1 37.1009 -94.4858 16.5 0.0 2.0 18.5 0.30 0.25 0.55 260 270  2.60
3

\S}

37.1009 -94.4862 18.0 0.0 0.5 18.5 0.35 0.00  0.35 235 185 1.85

116



Appendix A Continued.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)
Site  Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull
offset  offset (min)
37.1011  -94.4863 13.0 0.0 1.5 14.5 1.30 0.00 1.30 3.70  3.00 3.00

37.1013  -94.4865 14.0 3.0 2.0 19.0 0.50 0.00  0.50 280 220 220
37.1016 -94.4866 13.0 1.0 1.0 15.0 0.20 0.00  0.20 220 140 140
37.1017 -94.4868 14.0 1.0 2.0 17.0 0.27 0.00  0.27 247 257 247
37.1018 -94.4871 15.0 0.0 0.0 15.0 0.45 0.00 045 235 325 235
37.1080 -94.5085 10.0 1.4 2.5 13.9 0.48 0.00 0.48 203 298 203
37.1081 -94.5088 13.0 0.2 1.3 14.5 0.35 0.00  0.35 .15 120 1.15
37.1080 -94.5090 9.0 1.5 0.0 10.5 0.65 0.10  0.75 1.85 145 145
37.1080 -94.5092 11.5 1.3 1.0 13.8 0.30 0.15 0.45 140 140 140
37.1081 -94.5095 12.0 2.2 1.0 15.2 0.20 0.23 0.43 3.00 0.70 0.70
37.1081 -94.5097 11.5 2.8 0.5 14.8 0.20 040  0.60 300 145 145
37.1082  -94.5099 7.0 2.5 1.0 10.5 0.46 0.10  0.56 296 126 1.26
37.1110  -94.5225  27.5 0.5 0.5 28.5 0.32 030  0.62 222 432 222
37.1110  -94.5228  71.0 1.5 0.5 73.0 0.55 020  0.75 245 455 245
37.1111  -94.5231 27.5 2.5 2.0 32.0 2.00 0.00  2.00 4.00 5.00 4.00

LN O O O O o O bbb bR bR W W W W W
~N SN R WD R, N R WD, N W

37.1111  -94.5234  13.0 2.0 0.0 15.0 1.25 0.10 1.35 295 325 295
37.1110  -94.5237  27.5 1.0 0.0 28.5 0.25 0.05 0.30 145 245 145
37.1111  -94.5240 14.5 2.2 1.5 18.2 0.73 0.00 0.73 273 253 253
37.1113  -94.5242  16.5 0.5 1.0 18.0 1.50 0.00 1.50 3.50 3.00 3.00
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Appendix A Continued.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)

Site  Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull

offset  offset (min)
6 1 37.1142 -94.5453  12.0 4.0 5.0 21.0 040 030 0.70 260 240 240
6 2 37.1142  -94.5455 9.0 2.0 2.0 13.0 0.85 0.05 0.90 195 265 195
6 3 37.1142  -94.5457 14.0 2.0 3.0 19.0 0.45 0.00 0.45 1.85 1.85 1.85
6 4 37.1143  -94.5459 13.5 3.0 3.0 19.5 0.45 0.00 0.45 285 215 215
6 5 37.1143  -94.5461 18.0 5.0 2.0 25.0 0.20  0.00 0.20 240 250 240
6 6 37.1144  -94.5463 14.0 6.0 3.0 23.0 0.45 0.00 0.45 275 2.65 2.65
6 7 37.1144  -94.5465 12.0 3.0 6.0 21.0 0.51 0.05 0.56 231 281 231
7 1 37.1185 -94.5578 27.0 4.0 2.0 33.0 026 0.60  0.86 246 246 246
7 2 37.1185 -94.5583 42.0 0.5 0.5 43.0 1.10  0.10 1.20 3.50  2.50  2.50
7 3 37.1187 -94.5588 42.5 1.0 0.0 43.5 0.80  0.40 1.20 290 3.10 2.90
7 4 37.1193  -94.5591 43.5 1.0 0.5 45.0 0.84  0.20 1.04 2.84 314 284
7 5 37.1196  -94.5595 52.0 0.0 1.5 53.5 1.40  0.00 1.40 370 3.70 3.70
7 6 37.1196  -94.5602 33.5 1.0 2.0 36.5 044 020 0.64 3.14 284 284
7 7 37.1195  -94.5610 40.0 3.0 0.5 43.5 0.38 0.60 098 3.58 328 328
8 1 37.1198  -94.5644 21.0 0.0 1.0 22.0 092 027 1.19 222 272 222
8 2 37.1194 -94.5646 34.5 0.0 0.0 34.5 1.10  0.00 1.10 3.10 280 2.80
8 3 37.1192 -94.5649 33.5 1.5 1.0 36.0 0.43 020  0.63 273 1.63  1.63
8 4 37.1192  -94.5654  30.0 1.0 2.0 33.0 040 050 090 260 2.60 2.60
8 5 37.1192 -94.5658 31.5 1.5 2.0 35.0 0.70 040 1.10 240 3.00 240
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Appendix A Continued.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)

Site Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull
offset  offset (min)

8 6 37.1191  -94.5662 13.5 0.0 2.0 15.5 1.10 0.00 1.10 230 340 230
8 7 37.1189  -94.5665 24.5 1.0 1.0 26.5 1.40 0.00 1.40 3.00 440 3.00
9 1 37.1201  -94.5774  26.5 23 1.2 30.0 0.65 0.00  0.65 275 345 275
9 2 37.1204  -94.5777  28.0 1.5 1.2 30.7 0.30 0.65 0.95 2.00 3.00 2.00
9 3 37.1205 -94.5780  38.0 1.0 0.0 39.0 1.30 0.20 1.50 2.70  4.00 270
9 4 37.1204  -94.5785  26.0 1.3 2.0 293 0.93 0.00 0.93 2.13 293 213
9 5 37.1203  -94.5788  27.0 0.0 2.5 29.5 0.60 0.10  0.70 3.00 2.00 2.00
9 6 37.1202  -94.5792  33.0 0.0 0.0 33.0 0.50 0.10  0.60 2.80 2.00 2.00
9 7 37.1202  -94.5795  37.5 0.0 1.0 38.5 0.55 040 095 295 195 195
10 1 37.1270  -94.6095 21.0 3.0 1.5 25.5 0.20 040  0.60 270 270 270
10 2 37.1273  -94.6097 15.0 2.0 2.0 19.0 0.75 020  0.95 245 375 245
10 3 37.1275  -94.6100 22.0 1.0 2.0 25.0 0.73 0.90 1.63 2.63 393 263
10 4 37.1275  -94.6105 51.0 1.0 4.0 56.0 0.60 0.00  0.60 290 270 270
10 5 37.1270  -94.6107 51.0 2.0 1.5 54.5 0.86 0.00  0.86 326 336 3.26
10 6 37.1270  -94.6112  29.0 2.0 1.5 32.5 0.75 0.00  0.75 335 315 3.15
10 7 37.1269 -94.6115 23.0 1.5 3.0 27.5 0.55 0.00  0.55 295 255 255
11 1 37.1284  -94.6253  25.0 2.0 2.0 29.0 0.38 0.90 1.28 248 318 248
11 2 37.1286  -94.6258  26.0 1.5 1.5 29.0 0.73 0.80 1.53 373 383 3.73
11 3 37.1290  -94.6259 21.0 0.5 1.0 22.5 0.20 1.10 1.30 3.00 240 240
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Appendix A Continued.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)

Site  Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull

offset  offset (min)
11 4 37.1293  -94.6260 45.0 1.0 1.0 47.0 0.25 1.20 1.45 285 275 275
11 5 37.1296  -94.6262  22.0 2.0 1.5 25.5 0.43 0.50 0.93 2.83 383 283
11 6 37.1298  -94.6266 23.0 3.0 1.5 27.5 090 0.70 1.60 340 430 340
T1 1 37.1104 -94.4726 11.0 1.0 1.0 13.0 0.00 0.00 0.00 2.00 2.00 2.00
T1 2 37.1104 -94.4728 8.0 1.0 0.5 9.5 0.00 030 0.30 1.70  1.00  1.00
T1 3 37.1105 -94.4730 6.5 1.0 2.0 9.5 0.00 035 035 1.50 1.10  1.10
T1 4 37.1105 -94.4732 9.3 2.0 0.5 11.8 0.00 -0.05 -0.05 1.00 090 0.90
T1 5 37.1106 -94.4734 13.8 0.5 2.0 16.3 0.00 0.15 0.15 2.00 0.50 0.50
T1 6 37.1106 -94.4735 11.6 1.0 0.0 12.6 0.00 0.00 0.00 1.70 320 1.70
T1 7 37.1105 -94.4737 9.0 0.5 0.0 9.5 0.00  0.00 0.00 1.30 320 1.30
™ 1 37.0714 -94.4855 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 1.40 1.10
T2 2 37.0714 -94.4856 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 140 1.10
T 3 37.0715 -94.4856 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 140 1.10
T 4 37.0715 -94.4857 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 1.40 1.10
T 5 37.0715 -94.4857 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 1.40 1.10
T2 6 37.0716  -94.4857 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 140 1.10
T 7 37.0716  -94.4858 2.5 2.0 2.5 7.0 0.00  0.00 0.00 1.10 1.40 1.10
T3 1 37.1081 -94.5421 6.0 1.5 0.0 7.5 0.28 0.00 0.28 198 1.78 1.78
T3 2 37.1082 -94.5421 6.0 1.0 0.0 7.0 0.15 0.10 0.25 1.75 1.65 1.65
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Appendix A Continued.

Coordinates (DD) Width (m) Max Depth (m) Bank Height (m)

Site  Transect Latitude Longitude Active Left = Right Bankfull Water Probe Bedrock Left Right Bankfull
offset  offset (min)

T3 3 37.1083 -94.5421 4.0 1.0 1.0 6.0 0.13 0.00 0.13 1.83 1.73 1.73
T3 4 37.1084 -94.5421 5.0 0.8 0.5 6.3 0.20 0.10  0.30 2.00 200 2.00
T3 5 37.1085 -94.5421 4.7 0.8 1.0 6.5 0.20 0.38 0.58 200 190 190
T3 6 37.1085 -94.5421 3.5 1.2 1.0 5.7 0.10 0.28 0.38 1.80 2.10 1.80
T3 7 37.1086 -94.5422 3.7 1.7 0.8 6.2 0.12 0.25 0.37 1.62 1.62 1.62
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Appendix B. Geometry for Bed and Bar Deposits at Each Site and Transect.

Bed Deposit Bar Deposit

Site Transect . . Area- : Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m) Void (m’) (m) (m) (m) (m*)  Void (m?)
1 1 13.5 057 030 4.00 0.00 4.0 0.0 0.00 0.00 0.00 0.00 0.00
1 2 13.0 058 029 374 0.00 3.7 0.0 0.00 0.00 0.00 0.00 0.00
1 3 12.0 047 0.19 226 0.00 23 0.0 0.00 0.00 0.00 0.00 0.00
1 4 12.5 026 030 3.80 0.00 3.8 2.0 0.05 0.61 1.22 0.00 3.12
1 5 6.5 023 022 146 0.00 1.5 9.0 0.30 0.75 6.75 0.00 8.88
1 6 14.0 035 055 7.70 0.00 7.7 0.0 0.00 0.00 0.00 0.00 0.00
1 7 11.0 0.10 048 528 0.00 53 3.2 0.10 0.68 2.18 0.00 2.18
2 1 10.5 027 032 332 0.00 332 0.0 0.00 0.00 0.00 0.00 0.00
2 2 8.0 055 060 480 0.00 480 3.5 0.20 1.35 4.73 0.00 4.73
2 3 8.0 040 050 4.00 0.00 4.00 8.0 0.50 1.40 11.20  0.00 11.20
2 4 5.0 0.10 0.15 0.75 0.00 0.75 16.0 0.20 0.45 7.20 0.25 5.40
2 5 6.0 0.17 0.18 1.10 025 082 3.0 0.35 0.70 2.10 0.00 2.10
2 6 11.5 033 057 651 000 6.51 0.0 0.00 0.00 0.00 0.00 0.00
2 7 11.0 021 0.79 8.69 0.00 8.69 0.0 0.00 0.00 0.00 0.00 0.00
3 1 12.0 0.14 041 492 0.00 492 3.0 0.05 0.60 1.80 0.00 2.55
3 2 10.5 035 000 0.00 1.00 0.00 7.5 0.40 0.75 5.63 0.15 4.78
3 3 13.0 095 035 455 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
3 4 14.0 030 0.02 028 0.00 0.28 0.0 0.00 0.00 0.00 0.00 0.00
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Appendix B Continued.

Bed Deposit Bar Deposit

Site Transect . . Area- : Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m) Void (m) (m) (m) (m) (m*)  Void (m?)
3 5 7.0 020 0.00 0.00 1.00 0.00 6.0 0.20 0.40 2.40 030 1.68
3 6 14.0 0.15 0.02 028 0.00 028 0.0 0.00 0.00 0.00 0.00 0.00
3 7 12.0 0.10 035 420 0.00 420 3.0 0.30 0.75 2.25 0.00 2.25
4 1 8.4 028 020 1.70 0.00 1.70 0.0 0.00 0.00 0.00 0.00 0.00
4 2 4.0 020 0.15 062 0.10 055 50 0.10 0.45 2.25 0.00 2.25
4 3 5.5 045 030 166 025 125 35 0.20 0.95 3.33 0.00 3.33
4 4 10.5 0.15 030 3.13 0.00 3.13 1.0 0.10 0.55 0.55 0.00 0.55
4 5 5.0 0.18 025 127 0.00 127 4.0 0.20 0.63 2.52 0.00 2.52
4 6 7.5 0.12 048 357 0.00 357 4.0 0.20 0.80 3.20 0.00 3.20
4 7 9.0 036 020 1.76 0.00 1.76 0.0 0.00 0.00 0.00 0.00 0.00
5 1 10.5 0.17 045 468 0.00 468 17.0 0.71 1.33 22.54  0.00 22.54
5 2 11.0 031 044 484 000 484 60.0 0.90 1.65 99.00 0.00 99.00
5 3 7.5 1.00  1.00 7.50 030 525 20.0 0.60 2.60 52.00 030 36.40
5 4 13.0 0.86 049 642 0.00 642 0.0 0.00 0.00 0.00 0.00 0.00
5 5 9.5 0.19 0.14 136 000 136 18.0 0.26 0.56 10.05 0.00 10.05
5 6 10.5 043 030 3.19 050 1.60 4.0 0.40 1.13 4.52 0.50 2.26
5 7 10.5 0.10 140 14.70 0.00 14.70 6.0 0.20 1.70 10.20  0.00 10.20
6 1 7.5 021 049 371 050 185 25 -0.10 0.60 1.50 0.00 3.80
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Appendix B Continued.

Bed Deposit Bar Deposit

Site Transect . . Area- : Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m) Void (m) (m) (m) (m) (m*)  Void (m?)
6 2 9.0 0.68 022 200 0.00 2.00 0.0 0.00 0.00 0.00 0.00 0.00
6 3 14.0 030 0.15 210 0.00 2.10 0.0 0.00 0.00 0.00 0.00 0.00
6 4 9.0 0.15 030 274 0.00 274 3.0 -0.10 0.35 1.05 0.50 1.65
6 5 14.5 0.11 009 136 1.00 0.00 0.0 0.00 0.00 0.00 0.00 1.75
6 6 12.0 031 0.14 168 0.00 1.68 0.0 0.00 0.00 0.00 0.00 0.70
6 7 12.0 032 024 290 0.00 290 0.0 0.00 0.00 0.00 0.00 0.00
7 1 8.0 0.17 069 552 000 552 90 0.30 1.16 1044 0.00 10.44
7 2 11.0 056 064 7.04 0.18 576 150 1.00 2.20 64.00 0.00 64.00
7 3 8.0 055 065 520 0.10 4.68 26.0 0.50 1.70 60.20 0.00 60.20
7 4 9.0 055 049 443 0.00 443 240 043 1.47 4998 0.00 49.98
7 5 11.0 0.60 080 880 0.00 880 30.0 0.84 2.24 89.10 0.00 &9.10
7 6 4.5 031 033 149 000 149 230 0.30 0.94 23.51  0.00 23.51
7 7 9.0 026 072 652 000 6.52 270 0.77 1.75 51.88 0.00 51.88
8 1 9.0 053 066 594 000 594 12.0 0.30 1.49 17.88  0.00 17.88
8 2 6.5 0.00 0.00 0.00 1.00 0.00 28.0 1.00 2.10 58.70  0.00 58.70
8 3 13.5 020 043 575 0.00 575 20.0 0.61 1.24 24.80 0.00 24.80
8 4 21.0 022 0.68 1432 0.00 1432 9.0 1.20 2.10 18.90 0.00 18.90
8 5 4.5 049 061 275 0.00 275 17.0 0.30 1.40 35.80 0.00 35.80
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Appendix B Continued.

Bed Deposit Bar Deposit

Site Transect . . Area- : Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m’) Void (m’) (m) (m) (m) (m*)  Void (m?)
8 6 11.0 051 059 653 0.18 535 25 0.15 1.25 3.13 0.00 3.13
8 7 10.0 0.57 083 830 020 6.64 7.0 0.10 1.50 18.75 0.00 18.75
9 1 8.5 051 014 1.2 0.00 1.19 1.8 0.40 1.05 1.89 0.00 1.89
9 2 6.0 0.18 077 4.6 0.00 4.63 17.0 0.46 1.41 25.80 0.00 25.80
9 3 8.0 080 0.70 5.6 0.00 5.60 30.0 0.74 2.24 67.20 0.00 67.20
9 4 12.0 027 066 79 0.00 7.94 140 0.35 1.28 1792 0.00 17.92
9 5 6.0 035 035 21 0.00 2.08 12.0 0.40 1.10 13.20 0.00 13.20
9 6 6.0 031 029 1.8 0.00 1.76 18.0 0.58 1.18 21.20  0.00 21.20
9 7 11.0 024 048 53 0.00 531 265 047 1.42 37.725 0.00 37.73
10 1 9.0 0.13 047 423 0.00 423 120 0.15 0.75 9.00 0.00 9.00
10 2 9.0 030 0.65 585 0.00 585 6.0 0.25 1.20 7.20 0.00 7.20
10 3 11.0 030 133 14.63 0.00 14.63 11.0 0.40 2.03 2233 0.00 2233
10 4 9.0 045 0.15 135 0.00 135 270 1.80 2.40 90.30 0.00 90.30
10 5 16.0 075 011 1.76 0.00 1.76 27.0 1.90 2.76 84.20 0.00 84.20
10 6 18.0 0.60 0.15 270 1.00 0.00 11.0 0.50 1.25 13.75 0.00 13.75
10 7 17.0 045 0.10 1.70 1.00 0.00 6.0 0.30 0.85 5.10 0.00 5.10
11 13.0 0.14 1.14 1477 0.00 14.77 12.0 0.40 1.68 20.16  0.00 20.16
11 2 6.0 046 1.07 642 033 428 20.0 0.35 1.88 37.60 0.00 37.60
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Appendix B Continued.

Bed Deposit Bar Deposit

Site Transect . . Area- : Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m’) Void (m’) (m) (m) (m) (m*)  Void (m?)
11 3 15.0 0.12 1.18 17.70 0.00 17.70 6.0 0.20 1.50 9.00 0.00 9.00
11 4 14.0 0.15 130 18.26 0.00 1826 6.5 0.22 1.67 10.88 0.00 10.88
11 5 12.0 0.19 074 893 0.00 893 10.0 0.20 1.13 11.30  0.00 11.30
11 6 11.0 0.62 098 10.78 0.00 10.78 12.0 0.35 1.95 2340 0.00 23.40
T1 1 2.5 0.05 005 0.13 0.00 0.13 85 0.68 0.68 5.80 0.00 5.80
T1 2 3.0 0.15 045 135 0.00 135 50 0.40 0.70 3.50 0.00 3.50
T1 3 6.5 025 060 390 0.00 390 0.0 0.00 0.00 0.00 0.00 0.00
T1 4 5.8 0.10 005 029 030 020 35 0.30 0.25 0.88 0.20 0.70
T1 5 6.0 020 035 210 050 1.05 6.0 0.40 0.55 4.20 0.25 3.15
T1 6 2.3 0.00 0.00 0.00 1.00 0.00 7.5 0.91 0.91 9.55 0.00 9.55
T1 7 3.0 0.00 0.00 0.00 0.00 0.00 6.0 1.03 1.03 6.15 0.00 6.15
T2 1 1.5 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
T 2 2.1 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
T2 3 1.8 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
T2 4 1.2 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
T 5 2.5 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
T2 6 2.5 0.00 0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
™ 7 1.9 0.00  0.00 0.00 1.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
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Appendix B Continued.

Bed Deposit Bar Deposit

Site Transect Area- Area-

Width  Depth Thick Area act Width Htab WS Thick Area act

(m) (m) (m) (m’) Void (m) (m) (m) (m) (m*)  Void (m?)
T3 1 2.8 0.19 009 026 033 0.17 32 0.25 0.53 1.70 033 1.13
T3 2 2.6 0.10 0.15 039 033 026 34 0.24 0.49 1.67 033 1.11
T3 3 24 0.05 008 0.19 030 0.13 1.6 0.15 0.28 0.45 0.50 0.22
T3 4 2.8 0.13 0.17 048 040 029 22 0.15 0.45 0.99 0.40 0.59
T3 5 3.7 0.12 046 1.70 0.00 1.70 1.0 0.05 0.63 0.63 0.00 0.63
T3 6 3.5 0.03 035 123 050 0.61 0.0 0.00 0.00 0.00 0.00 0.00
T3 7 2.0 0.05 032 064 000 064 17 0.10 0.47 0.80 0.00 0.80
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Appendix C. Total Sediment Stored in Bench and Chute Sediment. Sites Not Listed Did Not Exhibit Bench or Chute Features.
Only Upper Deposit Area is Considered Bench or Chute Sediment. Lower Deposit Area is Added to the Total Bar Area. “FP”
Denotes Floodplain.

Total Deposit Upper Deposit DepI;)(s);:/gBar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width 5 ineh Area Lower-Area
m WS m @) O m) P @) (Ban(m)
1 1 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
1 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
1 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
1 4 Bench 2.5 0.70 1.26 3.15 0.00 3.15 2.5 0.50 1.25 1.90
1 5 Bench 3.9 0.81 1.26 4.93 0.00 4.93 3.9 0.72 2.80 2.13
1 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
1 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 1 Bench 1.5 0.25 0.80 1.20 0.00 1.20 1.5 0.30 0.45 0.75
3 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 4 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 5 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
3 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
4 1 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
4 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

128



Appendix C Continued.

Total Deposit Upper Deposit Deplgzxﬁ(t}gar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width If ineh Area Lower-Area
m WS m @) 0 m) m 2 @) (Banm)

4 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

4 4 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

4 5 Bench 3.0 0.80 1.25 3.75 0.00 3.75 3.0 1.25 3.75 0.00

4 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

4 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

6 1 Bench 2.0 0.60 1.30 2.60 0.00 2.60 2.0 0.15 0.30 2.30

6 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

6 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

6 4 Bench 1.5 0.60 1.05 1.58 0.00 1.58 1.5 0.30 0.45 1.13

6 5 Bench 3.5 0.80 1.00 3.50 0.00 3.50 3.5 0.50 1.75 1.75

6 6 Bench 2.0 0.80 1.25 2.50 0.00 2.50 2.0 0.90 1.80 0.70

6 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

7 1 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

7 2 Bench 13.0 1.20 2.40 31.20 0.00 31.20 13.0 0.20 2.60 28.60

7 3 Bench 5.5 1.20 2.40 1320  0.00 13.20 5.5 0.50 2.75 10.45

7 4 Bench 8.5 1.10 2.14 18.19  0.00 18.19 8.5 0.50 4.25 13.94

7 5 Bench 8.0 1.50 2.90 2320  0.00 23.20 8.0 0.60 4.80 18.40
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Appendix C Continued.

Total Deposit Upper Deposit Deplgzxﬁ(t}gar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width If ineh Area Lower-Area
m WS m @) 0 m) m 2 @) (Banm)

7 6 Bench 3.5 0.80 1.44 5.04 0.00 5.04 3.5 0.90 3.15 1.89

7 7 Bench 4.0 1.40 2.38 9.52 0.00 9.52 4.0 1.20 4.80 4.72

7 1 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

7 2 Chute 3.0 0.80 2.00 6.00 0.00 6.00 3.0 1.20 3.60 2.40

7 3 Chute 3.0 1.40 2.60 7.80 0.00 7.80 3.0 0.75 2.25 5.55

7 4 Chute 2.0 0.40 1.44 2.88 0.00 2.88 2.0 1.10 2.20 0.68

7 5 Chute 3.0 0.40 1.80 5.40 0.00 5.40 3.0 0.60 1.80 3.60

7 6 Chute 2.5 0.60 1.24 3.10 0.00 3.10 2.5 1.24 3.10 0.00

7 7 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 1 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 4 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 5 Bench 10.0 0.50 1.60 16.00  0.00 16.00 10.0 0.40 4.00 12.00

8 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

8 7 Bench 7.5 0.90 2.30 17.25  0.00 17.25 7.5 1.20 9.00 8.25

9 1 Chute 0.0 0.00 0.00 0.00 0.00  0.00 0.0 0.00 0.00 0.00
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Appendix C Continued.

Total Deposit Upper Deposit Deplgzxﬁ(t}gar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width If ineh Area Lower-Area
m WS m @) 0 m) m 2 @) (Banm)

9 2 Chute 5.0 0.60 1.55 7.75 0.00 7.75 5.0 1.20 6.00 1.75

9 3 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

9 4 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

9 5 Chute 9.0 -0.25 0.45 4.05 0.00 4.05 9.0 0.45 4.05 0.00

9 6 Chute 9.0 0.20 0.80 7.20 0.00 7.20 9.0 0.80 7.20 0.00

9 7 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 1 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 4 Bench 15.0 1.40 2.00 30.00  0.00 30.00 15.0 0.30 4.50 25.50

10 5 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 1 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 2 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 3 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00

10 4 Chute 0.0 0.00 0.00 0.00 0.00  0.00 0.0 0.00 0.00 0.00
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Appendix C Continued.

Total Deposit Upper Deposit Deplgzxﬁ(t}gar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width If ineh Area Lower-Area
m WS m @) 0 m) m 2 @) (Banm)
10 5 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 1 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 2 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 3 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 4 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 5 Chute 8.0 1.45 2.31 18.48 0.00 18.48 8.0 1.10 8.80 9.68
10 6 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
10 7 Chute 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
11 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
1 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
11 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
11 4 Bench 2.0 0.40 1.85 3.70 0.00 3.70 2.0 1.85 3.70 0.00
11 5 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
11 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
T1 1 Bench 0.0 0.00 0.00 0.00 0.00  0.00 0.0 0.00 0.00 0.00
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Appendix C Continued.

Total Deposit Upper Deposit DepI;(s)XgBar)
Site Transect  Feature Width Ht ab Thick  Area Void Area-act  Width 5 ineh Area Lower-Area
m WS m @) O m) ) P @) (Ban(m)
T1 2 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
T1 3 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Tl 4 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
T1 5 Bench 1.8 0.60 0.75 1.35 0.00 1.35 1.8 0.25 0.45 0.90
T1 6 Bench 1.8 1.60 1.60 2.88 0.00 2.88 1.8 0.10 0.18 2.70
T1 7 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
™ 1 Bench 1.0 0.25 0.25 0.25 0.00 0.25 1.0 0.25 0.25 0.00
T 2 Bench 0.4 0.18 0.18 0.07 0.00 0.07 0.4 0.18 0.07 0.00
™ 3 Bench 0.7 0.26 0.26 0.18 0.00 0.18 0.7 0.26 0.18 0.00
T2 4 Bench 14 0.22 0.22 0.30 0.00 0.30 1.4 0.22 0.30 0.00
™ 5 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
T 6 Bench 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00
T 7 Bench 0.6 0.22 0.22 0.13 0.00 0.13 0.6 0.22 0.13 0.00
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Appendix D. The Description, Location, and Calibrated Elemental Concentration of Each Sample. “ND” Denotes Not

Detected.
Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb Zn Fe Mn Ca Cd
1 4 TS6 Bed 7/14/20 37.10812 -94.50967 589 3,613 14,010 739 17,447 34
2 4 TS6 Bar 7/14/20 37.10812 -94.50967 284 2,013 15,298 753 17,650 4

3 4 TS5 Bench 7/14/20 37.10807 -94.50945 397 3,375 16,532 673 5,630 28
4 4 TS5 Bench 7/14/20 37.10807 -94.50945 385 3,520 17,506 954 26,336 40
5 4 TS5 Bar 7/14/20 37.10807 -94.50945 274 3,156 16,780 1,477 26,476 28
6 4 TS4 Bed 7/14/20 37.10804 -94.50922 227 3,077 19,398 967 10,685 41
7 4 TS2.5 Bar 7/14/20 37.10803 -94.50889 236 1,416 20,057 706 13,997 8

8 4 TS2 Bed 7/14/20 37.10806 -94.50878 184 1,385 16,934 1,127 20,064 5

9 T3 TS5 Bar 7/14/20 37.10844 -94.54205 353 4,787 13,365 463 114,956 42
10 T3 TS5 Bed 7/14/20 37.10843 -94.54207 211 4,146 5,513 841 115,129 32
11 T3 TS4 Bed 7/14/20 37.10831 -94.54206 139 3,219 4,003 465 144,477 38
12 T3 TS4 Bar 7/14/20 37.10831 -94.54204 545 9,496 18,739 1,518 104,486 77
13 T3 TSI Bed 7/14/20 37.10797 -94.54208 427 5,445 20,693 1,672 63,789 16
14 T3 TSI Bar 7/14/20 37.10798 -94.54204 606 13,202 17,535 1,504 83,342 62
15 9 TS1 Bar 7/15/20 37.12008 -94.57732 395 7,659 16,142 988 34,269 49
16 9 TSI Bed 7/15/20 37.12007 -94.57742 384 3,845 22,880 760 35,176 48
17 9 TS4 Bar 7/15/20 37.12038 -94.57841 214 2,664 9,925 417 39,714 16
18 9 TS4 Bed 7/15/20 37.12042 -94.57845 651 7,025 20,688 1,223 33,549 55
19 9 TS6 Bar 7/15/20 37.12027 -94.57924 365 6,428 25,392 945 51,351 64
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Appendix D Continued.

Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb  Zn Fe Mn Ca Cd
20 9 TS6 Bar 7/15/20 37.12033 -94.57925 388 5,835 14,994 483 51,435 49
21 9 TS7 Bar 7/15/20 37.12030 -94.57950 370 6,012 13,350 639 58,526 40
22 9 TS7 Bed 7/15/20 37.12025 -94.57954 596 5,550 15,152 930 39,403 38
23 9 TS7 Bed 7/15/20 37.12033 -94.57948 356 3,240 18,602 2,186 21,280 18
24 5 TS2 Bar 7/15/20 37.11104 -94.52274 431 2,827 16,888 626 33,023 26
25 5 TS2 Bar 7/15/20 37.11089 -94.52277 719 4,568 23,572 656 48,285 22
26 5 TS2 Bed 7/15/20 37.11112 -94.52276 523 4,442 17,692 895 33,190 37
27 5 TS3 Bar 7/15/20 37.11106 -94.52306 676 6,744 22,345 904 35,955 37
28 5 TS4 Bed 7/15/20 37.11108 -94.52343 185 2,099 17,282 763 38,601 ND
29 5 TS7 Bed 7/15/20 37.11128 -94.52425 486 2,233 36,415 1,223 10,001 28
30 1 TS4 Bed 8/03/20 37.09027 -94.46148 110 1,649 40,960 968 7,136 13
31 1 TS5 Bar 8/03/20 37.09033 -94.46173 123 1,696 23,739 1,148 8236 9
32 1 TS5 Bench 8/03/20 37.09037 -94.46172 130 1,382 24,480 1,068 2,548 6
33 1 TSS Bench 8/03/20 37.09039 -94.46170 183 1,573 17,623 931 4,022 6
34 1 TS7 Bar 8/03/20 37.09047 -94.46234 219 1,128 19,089 421 2,462 ND
35 1 TS7 Bed 8/03/20 37.09045 -94.46235 325 2,259 25,875 1,351 5,635 10
36 1 TS4 Bench 8/03/20 37.09031 -94.46146 180 1,615 18,774 760 5,753 16
37 1 TS5.5 FP 8/03/20 37.09044 -94.46184 18 110 11,804 232 ND 0
38 1 TS5 FP 8/03/20 37.09026 -94.46169 444 3,433 15,483 555 1,828 36
39 1 TS5 FP 8/03/20 37.09026 -94.46169 691 4931 18,148 133 129 53
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Appendix D Continued.

Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb Zn Fe Mn Ca Cd
40 1 TS5 FP 8/03/20 37.09026 -94.46169 2,504 5,685 20,557 106 365 55
41 T1 TS4 Bar 8/03/20 37.11057 -94.47317 282 5,719 27,0414 8,978 843 47
42 T1 TS4 Bed 8/03/20 37.11052 -94.47319 58 3,111 55,831 2,332 3,349 36
43 T1 TS1 Bar 8/03/20 37.11038 -94.47263 261 4,461 128,085 4,392 11,795 54
44 T1 TSI Bar 8/03/20 37.11042 -94.47263 294 6,123 178,220 6,887 1,136 50
45 T1 TS5 Bench 8/03/20 37.11060 -94.47338 225 4,019 27,126 1,715 6,474 43
46 T1 TS6 Bar 8/03/20 37.11052 -94.47353 288 5,927 118,189 10,790 4,811 68
47 T1 TS6 Bar 8/03/20 37.11050 -94.47353 227 4,061 112,266 6,466 3,549 54
48 T1 TS3 FP 8/03/20 37.11032 -94.47309 111 800 17,041 1,214 1,424 3
49 T1 TS1 FP 8/03/20 37.11027 -94.47263 37 236 13,636 607 266 ND
50 8 TS1 Bed 8/03/20 37.11975 -94.56441 306 1,742 17,315 792 22,834 ND
51 8 TS1 Bar 8/03/20 37.11976 -94.56454 438 7,329 30,097 1,154 56,704 29
52 8 TS4 Bar 8/03/20 37.11935 -94.56538 540 11,676 24,760 694 53,182 55
53 8 TS4 Bed 8/03/20 37.11924 -94.56538 304 5,545 22,858 905 59,314 30
54 8 TS3 FP 8/03/20 37.11926 -94.56477 1,791 12,822 24,792 652 27,910 106
55 8 TS3 FP 8/03/20 37.11926 -94.56477 3,620 7,888 21,319 603 3,823 &4
56 8 TS3 FP 8/03/20 37.11927 -94.56477 7,618 5,088 21,504 341 2,738 46
57 8 TS4 FP 8/03/20 37.11915 -94.56551 2,054 14,442 19,122 538 67,826 167
58 8 TS7 Bench 8/03/20 37.11880 -94.56635 905 5,811 18,831 859 39,830 47
59 8 TS7 Bar 8/03/20 37.11885 -94.56643 290 4,648 15422 656 55,439 26
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Appendix D Continued.

Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb Zn Fe Mn Ca Cd
62 3 TS1 Bed 8/03/20 37.10088 -94.48582 114 2,226 32,226 1,844 58,350 5

63 3 TS2 Bar 8/03/20 37.10096 -94.48609 153 2,110 22,836 1,361 14,510 7

64 3 TS7.5 Bar 8/03/20 37.10170 -94.48719 146 2,117 21,095 1,035 13,593 4

65 3 TS7.5 Bar 8/03/20 37.10171 -94.48716 186 1,915 23,857 944 15,990 7

66 3 TS2.5 Bar 8/03/20 37.10106 -94.48624 106 1,437 24,899 787 23,390 11
101 6 TS7 Bed 8/04/20 37.11442 -94.54646 502 5,530 14,066 595 83,833 51
102 6 TS6 Bench 8/04/20 37.11441 -94.54629 1,128 6,042 18,243 1,403 30,385 58
103 6 TS4 Bench 8/04/20 37.11437 -94.54586 1,765 8,822 21,393 746 43,046 67
104 6 TS3 Bed 8/04/20 37.11425 -94.54568 271 2,157 18,608 621 94,341 25
105 7 TS7 Bench 8/04/20 37.11966 -94.56087 1,234 7,255 19,064 1,023 44,476 68
106 7 TS7 Bar 8/04/20 37.11956 -94.56094 270 2,760 11,112 912 42,072 15
107 7 TS7 Bar 8/04/20 37.11961 -94.56091 393 3,909 12,299 426 70,174 30
108 7 TS7 Bed 8/04/20 37.11949 -94.56098 374 8,503 24,420 855 74,210 73
110 7 TS4 Bed 8/04/20 37.11927 -94.55910 461 1,822 20,733 761 24,545 16
111 7 TS4 Chute 8/04/20 37.11911 -94.55939 882 7,686 15,842 714 47,936 51
112 7 TS4 Bench 8/04/20 37.11906 -94.55944 806 7,108 16,667 828 54,076 70
113 7 TS4 Bar 8/04/20 37.11915 -94.55933 571 4,459 21,382 813 40,326 47
114 7 TS4 Bar 8/04/20 37.11921 -94.55925 670 5,838 18,282 1,109 38,714 55
140 10 TS1 Bar 9/24/20 37.12696 -94.60951 387 8,045 20,113 1,224 39,269 39
141 10 TS2 Bar 9/24/20 37.12726 -94.60976 300 3,561 11,444 645 58,770 21
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Appendix D Continued.

Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb Zn Fe Mn Ca Cd
142 10 TS6 Bed 9/24/20 37.12693 -94.61121 164 3,669 13,323 434 59,343 19
143 10 TS5 Chute 9/24/20 37.12711 -94.61080 290 7,938 10,110 543 64,310 33
144 10 TS4 Bar 9/24/20 37.12736 -94.61034 344 6,204 16,309 568 37,349 43
145 10 TS4 Bed 9/24/20 37.12748 -94.61047 378 6,563 15,068 722 36,642 40
146 10 TS4 Bench 9/24/20 37.12722 -94.61024 694 5,736 16,276 706 43,339 55
160 11 TS6 Bar 9/24/20 37.12995 -94.62656 395 4359 12,546 606 57,273 39
162 11 TS2 Bed 9/24/20 37.12861 -94.62575 261 2,461 12,003 722 52,488 13
163 11 TS2 Bed 9/24/20 37.12862 -94.62573 210 2,827 7,786 934 6,124 17
164 11 TS1 Bed 9/24/20 37.12839 -94.62536 277 3,226 11,692 741 32,635 23
165 11 TS3 FP 9/24/20 37.12901 -94.62582 3,277 4,791 18,922 529 2,448 59
166 11 TS3 FP 9/24/20 37.12901 -94.62581 2,566 10,501 31,585 540 2,673 90
167 11 TS3 FP 9/24/20 37.12901 -94.62580 1,607 21,795 18,506 456 96,681 300
168 11 TS3 FP 9/24/20 37.12901 -94.62579 1,630 17,429 28,210 679 17,427 140
169 11 TS3 FP 9/24/20 37.12901 -94.62578 2,426 21,618 33,843 479 56,391 231
170 11 TS3 FP 9/24/20 37.12901 -94.62578 936 8,223 18,774 862 32,966 60
171 2 TS7 Bed 9/25/20 37.09496 -94.47171 181 3,710 27,377 275 16,678 13
172 2 TS4 Bar 9/25/20 37.09490 -94.47099 181 2,955 21,899 1,717 16,687 7
173 2 TS3 Bed 9/25/20 37.09499 -94.47088 174 2,378 18,814 1,523 57,500 17
174 2 TS3 Bar 9/25/20 37.09497 -94.47082 167 1,646 34,015 688 6,191 22
176 2 TS2 Bar 9/25/20 37.09499 -94.47057 139 1,209 18,086 625 10,539 2
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Appendix D Continued.

Coordinates (DD) Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb Zn Fe Mn Ca Cd
177 2 TS3 Bench 9/25/20 37.09495 -94.47079 67 1,837 12,084 562 2,619 28
178 2 TS2 Bench 9/25/20 37.09496 -94.47059 275 1,224 21,371 419 23816 ND
303 9 TS6 FP 9/25/20 37.12067 -94.57795 1,409 12,362 23,266 679 25,458 98
306 7 TS4 FP 9/25/20 37.11931 -94.55903 1,413 13,942 18,937 468 54,999 110
308 7 TS4 FP 9/25/20 37.11931 -94.55903 1,101 17,235 19,468 662 30,721 104
309 4 T2 FP 9/25/20 37.10799 -94.50883 42 292 15,145 216 3,211 ND
310 9 TS6 FP 9/25/20 37.12006 -94.57923 90 4,161 14,698 760 5,074 51
311 4 T2 FP 9/25/20 37.10799 -94.50883 174 1,169 11,664 649 4944 1
312 7 TS4 FP 9/25/20 37.11931 -94.55904 1,028 5,744 15,452 692 5,666 73
313 7 TS4 FP 9/25/20 37.11931 -94.55903 112 614 19,170 516 7,006 2
314 9 TS6 FP 9/25/20 37.12006 -94.57923 59 500 14,688 347 4,445 ND
317 B3 N/A FP 9/25/20 37.01940 -94.38802 54 489 12,751 497 48117 ND
318 B3 N/A FP 9/25/20 37.01947 -94.38799 53 312 10,491 696 6,934 ND
320 B2 N/A FP 9/25/20 37.06850 -94.38971 73 162 25,715 1,118 1,586 ND
321 B2 N/A FP 9/25/20 37.06854 -94.38958 40 245 15,934 752 3,796 ND
401 B2 N/A Bed 9/25/20 37.06852 -94.38966 82 348 119,202 8,040 ND ND
402 T2 TSI Bench 9/25/20 37.07140 -94.48554 158 1,671 34,729 1,963 80,948 3
404 T2 TS2 Bench 9/25/20 37.07141 -94.48560 95 1,536 23,184 765 121,509 10
405 B1 N/A Bar 9/25/20 37.06831 -94.37081 72 133 61,531 1,865 1,312 ND
407 Bl N/A FP 9/25/20 37.06832 -94.37070 19 58 14,148 332 361 ND
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Appendix D Continued.

Coordinates (DD)

Concentration (ppm)

Sample Site Transect Unit Date Lat Long Pb 7n Fe Mn Ca Cd
408 T2 TS3 Bench 9/25/20 37.07147 -94.48563 154 1,371 22,867 837 70,632 1
409 Bl N/A Bed 9/25/20 37.06831 -94.37076 92 144 45,183 2,720 13,252 ND
410 T2 TS7 Bench 9/25/20 37.07158 -94.48579 115 12,124 37,524 765 138,715 35
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Appendix E. Lead and Zinc Concentrations in the 8 — 16 mm Size Fraction from Five Bars in Turkey Creek (Ferguson, 2021).
Samples Were Collected Below the Armor Layer at the Upstream (Head), Middle (Mid), and Downstream (Tail) Sections on
Both the Right and Left Side of the Bar.

Sample ID Site Bar Unit Pb (ppm) Zn (ppm)
1HLB 4 Head 66 769
1HRB 4 Head 107 527
IMLB 4 Mid 33 600
IMRB 4 Mid 792 1,039
ITLB 4 Tail 47 367
1TRB 4 Tail 38 498
2HLB 9 Head 184 959
2HRB 9 Head 134 987
2MLB 9 Mid 199 665
2MRB 9 Mid 51 680
2TLB 9 Tail 94 906
2TRB 9 Tail 24 720
3HLB 5 Head 98 747
3HRB 5 Head 76 737
3MLB 5 Mid 37 398
3MRB 5 Mid 60 681
3TLB 5 Tail 79 292
3TRB 5 Tail 218 3,177
4HLB 7 Head 190 443
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Appendix E Continued.

Sample ID Site Bar Unit Pb (ppm) Zn (ppm)
4HRB 7 Head 136 985
4MLB 7 Mid 159 30,577
4MRB 7 Mid 187 908
4TLB 7 Tail 214 980
4TRB 7 Tail 119 1,070
SHLB 11 Head 146 859
SHRB 11 Head 377 1,549
SMLB 11 Mid 63 829
SMRB 11 Mid 95 728
STLB 11 Tail 68 872
STRB 11 Tail 152 1,495
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Appendix F. Total Longitudinal Mass Storage of Sediment for Coarse and Fine Size Fractions in Bed and Bar Deposits
throughout Turkey Creek.

Site (Tl\‘j[tga}rs)torage ol <O.25mmBe(§1.2sstorﬁie (1\24%/? : 8-16 >16 . <025 B(?.rzit;r;ge (2M-gém) 8-16 > 16

-2 mm mm mm mm mm -2 mm mm mm mm
I 143 88 0.1 0.4 26 29 28 44 01 04 18 10 12
2 159 88 0.1 1.6 28 21 23 71 02 16 17 14 23
3 64 30 00 0.2 1 11 05 34 01 05 1 08 09
4 89 41 00 0.2 10 09 20 37 01 02 08 08 18
5 669 119 02 1.9 07 51 40 551 13 9l 164 111 172
6 52 41 00 0.6 13 13 08 00 00 00 00 00 00
7 1281 113 0.0 2.1 40 21 31 1071 32 134 362 212 331
8 703 124 0.1 22 50 27 24 543 06 94 182 99 162
9 70.1 89 0.1 0.3 19 24 42 566 12 87 140 161 166
10 840 85 02 11 42 12 17 715 07 78 256 198 176
1 672 271 0.1 2.0 75 59 116 402 10 55 158 115 63
T1 109 19 02 1.0 06 01 01 88 00 17 36 20 15
T2 03 00 0.0 0.0 00 00 00 00 00 00 00 00 00
T3 25 12 0.0 0.2 06 02 01 13 01 04 0.5 02 02
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Appendix G. Total Longitudinal Mass Storage of Sediment for Various Size Fractions in
Bench and Chute Deposits throughout Turkey Creek. The Chute at Site 9 Was Excluded
Since It Was Not Sampled.

Bench Storage (Mg/m) Chute Storage (Mg/m)
Site <2 2-16 > 16 <2 2-16 > 16

Total Total

mm mm mm mm mm mm

1 1.2 0.7 0.4 0.1 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 1.1 0.4 0.4 0.3 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.2 1.2 0.0 0.0 0.0 0.0 0.0 0.0
7 6.1 5.8 0.4 0.0 3.5 3.5 0.0 0.0
8 3.5 3.5 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 4.7 N/A N/A N/A
10 1.2 1.2 0.0 0.0 2.7 0.6 1.6 0.4
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T1 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0
T2 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0
T3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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