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ABSTRACT

TAYLOR WILSON KIKER. Dissolved Organic Carbon and Dissolved Inorganic Carbon Along
an Urbanization Gradient in Charlotte, North Carolina. (Under the direction of DR. DAVID
VINSON)

Streams and rivers are an integral component of the freshwater carbon cycle as they
provide the lateral transport of carbon from terrestrial environments to the ocean. Urbanization is
one of the fastest growing land uses and it has major impacts on streams and rivers. This study
examined twenty-eight watersheds varying in land uses from pre-restoration forested to urban in
Charlotte, North Carolina. Their impervious cover ranged from 0.5-55%. The objective of this
study was to examine alterations to freshwater carbon processes among watersheds of various
land uses in multiple streams in Mecklenburg County, Charlotte, NC.

Surface water was collected at each site in addition to discharge measurements. Water
guality parameters were analyzed including: DOC concentration, Specific UV Absorbance of
DOC, DIC concentration, alkalinity concentration, §*3C-DIC, major cations (Na*, K*, Mg?*, and
Ca?"), and anions (F-, CI', POs*, NOzand SO,*). DOC concentration ranged from 1.1-18 mg/L
and SUVA values ranged from 0.2-18 L/mg*m. Alkalinity concentrations ranged from 0.1-3.8
meg/L and DIC concentrations ranged from 0.2-3.8 mM. §*3C-DIC values ranged from -18.0%o to
-7.4%o. Overall, DOC concentrations and SUVA values had weak negative relationships with
percent impervious cover. DIC concentrations, alkalinity concentrations, 3*3C-DIC values, all
cations, and F-, Cl-, and SO4* had strong positive relationships with percent impervious cover.
PO.* and NOshad weak correlations with percent impervious cover. The increase in DIC,
alkalinity, 83C-DIC, and cations with high impervious cover was largely due to the increased

chemical weathering of concrete materials in urban areas.
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1. Introduction
1.1 The Freshwater Carbon Cycle

Carbon is exchanged among reservoirs within the biosphere, hydrosphere, atmosphere,
geosphere and the pedosphere. Freshwater systems, including lakes, soil waters, shallow
groundwater, and streams are important components to the global carbon cycle. Streams and rivers
provide the lateral transport of carbon from the terrestrial environment to the oceans. Miller et al.
(2016) estimated that 1.4 to 2.9 petagrams (10 grams) of carbon per year derived from land enters
freshwaters and is processed and released back to the atmosphere, deposited into terrestrial deposits
(e.g. lake sediments) or is delivered to the ocean. Most channel miles of large river systems are in
small/headwater streams and their structure and function are directly linked to watershed inputs
(Parr et al. 2015). These headwater streams are primary sources of particulate organic matter
(Kaushal & Bent 2012) and they store and transform more carbon per unit area than larger streams
(Hotchkiss et al. 2015). Additionally, headwater streams degas more carbon dioxide to the
atmosphere than larger streams (Marx et al. 2017). Globally, it is estimated that streams and rivers
export up to 0.5 petagrams per year of organic carbon (Cole et al. 2007). Additionally, inorganic
carbon is transported from freshwaters to oceans at a rate of 0.3 petagrams per year (Cole et al.
2007; Kaushal et al. 2013). In freshwaters, inorganic carbon can occur as bicarbonate alkalinity,
among other forms. Weathering of silicates and carbonates and consumption of acidity by
biogeochemical processes such as iron reduction are natural sources of bicarbonate alkalinity
(Kaushal et al. 2013). Figure 1 illustrates the global carbon cycle and that rivers export 0.4

petagrams of DOC and DIC to the ocean per year (Schlesinger and Bernhardt 2013).
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Figure 1: Global carbon cycle. Pools are expressed in 10%° grams of C and fluxes are expressed in
10" grams C/ year (Schlesinger and Bernhardt 2013)

1.2 The Urban Carbon Cycle

Urban areas are one of the fastest growing land uses worldwide (Moore et al. 2017).
Anthropogenic land uses have major consequences on surrounding streams and rivers. The term
“urban stream syndrome” (Meyer et al. 2005) is used to describe how urbanization and increased
impervious areas impacts streams. Effects include: increased surface runoff, increased flood
discharge, increased sediment loads, increased temperatures, increased nutrient concentrations,
decreased channel density, and increased bank incision (Paul & Meyer, 2001). The increase of
sediments from urbanization leads to bank erosion which diminishes the interaction between
floodplains, groundwater, and surface water. Limited interaction between groundwater and surface
water can affect streams’ ability to rebound from disturbances and its overall health (O’Driscoll et
al., 2010). Urbanization impacts physical hydrology of freshwaters; it also impacts carbon cycling.
Increased temperatures due to climate change can increase the rates at which organic carbon breaks
down in river sediments (Smith and Kaushal, 2015). Urbanization increases organic carbon loading

due to increased storm runoff (Kaushal et al., 2014). Inorganic carbon, specifically bicarbonate



alkalinity, is increasing in urban watersheds due to liming and weathering of building materials
(Smith and Kaushal, 2015). Since pre-industrial times, humans have increased the flux of carbon
via rivers by 1 petagram. This increase of carbon in rivers also increases atmospheric CO; as some
carbon during transport via rivers is exported to the atmosphere (Regnier et al. 2013). Human
activities change the physical hydrologic connection between soil water to the ocean via freshwater
bodies, which further impacts the global carbon cycle (Regnier et al. 2013).
1.3 Dissolved Organic Carbon

Headwater and low-order streams influence the global carbon cycle, specifically by their
transport of organic carbon from continents to ocean. Dissolved organic carbon (DOC) and
particulate organic carbon (POC) comprise total organic carbon. POC falls into streams as leaves,
twigs, branches, trunks of vegetation and it is decomposed and dissolved downstream (DOC)
(Schlesinger & Bernhardt, 2013). Headwater streams are tightly linked to their terrestrial
environment, and their organic carbon is mostly dissolved organic carbon (Singh et al., 2016).
Dissolved organic carbon supplies energy and food resources to aquatic microorganisms. Organic
carbon “influences light and temperature regimes. [It] affects [the] transport and bioavailability of
heavy metals and controls pH in low-alkalinity water (Stanley et al. 2011).” Concentrations of
dissolved organic carbon are useful when determining the levels of DOC between watersheds, but
it does not fully describe the routing of DOC through aquatic systems due to the many sources and
consumption pathways of DOC. Dissolved organic carbon concentrations can often overlap
between land uses, which further makes it difficult to use alone when assessing land use effects.
1.3.1 Specific UV Absorbance

An adjustment to DOC concentration, which does address the reactive attributes of carbon, is
specific ultraviolet absorbance (SUVA). SUVA is equal to the UV absorbance at 254 nanometers
divided by the DOC concentration (Weishaar et al., 2003). Therefore, SUVA is the UV absorbance
per unit of DOC.

SUVA (L/ mg*m) = UV DOC at 254 nanometers (m* ) = DOC concentration (mg/L) (D)

3



SUVA estimates the relative prevalence of the humic fraction of dissolved organic carbon and
therefore approximates the reactivity of the humic substances. Weishaar et al. (2003) stated that
SUVA and aromatic carbon content are strongly correlated “because it provides an integrated
estimate of aromatic content across functional classes.” High SUVA values indicate that the carbon
in the freshwater is more aromatic and that the dissolved organic carbon is sourced from terrestrial
inputs. Aromatic carbon is more stable because the hexagonal bonding is harder to degrade than a
single bond. Allochthonous inputs, i.e. terrestrial, from plants and soil dominate the organic matter
in most forested and/or first or second order streams which are characterized by high SUVA values
(Aitkenhead- Peterson et al., 2009). Lower SUVA values indicate that the carbon is less aromatic
and the dissolved organic carbon is sourced from within the stream (autochthonous).
Autochthonous inputs are derived from in situ primary production of aquatic organisms, i.e. algae.
In situ primary production often occurs in streams without links to their terrestrial environment.
Urban streams are frequently disconnected to vegetation/soil and thus have larger DOC
contributions from autochthonous inputs (i.e. algae). Algae produce more labile organic inputs, and
urban streams are expected to have an autochthonous source of DOC represented by low SUVA
values (Imberger et al., 2014). Smith and Kaushal (2015) stated that nutrient loading and tree
canopy removal in urban landscapes can increase autochthonous DOC sources due to algal growth.
In agricultural land uses, organic carbon can shift form allochthonous inputs to autochthonous
inputs due to the removal of tree canopy and high nutrients (Hagen et al. 2010). However, high
SUVA values (allochthonous) can be found in agricultural streams due to high sediment loads

which decreases light availability and thus limits algal growth (Hagen et al. 2010).



1.4 Dissolved Inorganic Carbon and Alkalinity
1.4.1 Terrestrial sourced DIC

Dissolved inorganic carbon (DIC) is the sum of inorganic carbon species including carbonic
acid, bicarbonate ion, and carbonate.

DIC (mmol/L) = [H.CO3] + [HCO3 ] + [CO5*] (2)

DIC is produced via rock weathering and soil microbial respiration (CO;) (Finlay, 2003). Terrestrial
inputs of carbon (DIC) are important for freshwaters because those waters rely on terrestrial carbon
to sustain its ecosystem. Globally, DIC provides a carbon flux of 0.3 petagrams from rivers to the
ocean (Helie, et al., 2002). At acidic pH, H>COs is the major component of DIC. Therefore, DIC
concentration (mmol/L) often exceeds alkalinity (meg/L) in slightly acidic to neutral pH. The

dominant DIC species depends on pH. Figure 2 illustrates that DIC is dominated by bicarbonate

ions at near-neutral pH with minor contributions from H,COs,

10

0.1 1

mmoles/L

0.01

0.001

Figure 2: DIC species change with pH. Note that DIC and alkalinity are dominated by the
bicarbonate ion at the pH range of this study (Clark & Fritz, 1997).

Stream waters represent a mixture of DIC sources from precipitation, water-rock
interaction, and biological processes. Terrestrial sourced DIC can form in an open system or a

closed system. In an open system, water is exposed to soil gas (COy) at a constant partial pressure



(pCO,). This constant exposure to CO- occurs in rainwater, surface water, shallow groundwater,
and soil water. In rainwater, pCO; is 103® atm but in soil water, pCO; is one to two orders of
magnitude greater than 10-*% atm due to microbial respiration. Therefore, shallow groundwater near
the water table is expected to have higher pCO- than rain. Higher pCO; leads to higher dissolved
carbonic acid and thus a slightly acidic pH. In a closed system the water is no longer in contact
with the unsaturated zone, this occurs below the water table and in deeper groundwater. In a closed
system, water can come in contact with carbonate minerals and calcite dissolution can occur, which
releases additional DIC, alkalinity, consumes protons, increasing pH. Thus, open system pH is
generally lower than closed system pH.
1.4.2 Instream sourced DIC

In addition to terrestrial inputs of DIC, instream processes produce DIC. Atmospheric
exchange of CO, with freshwaters’ surfaces produces a portion of DIC (carbonic acid). Dissolved
inorganic carbon can also be formed from dissolved organic carbon through instream respiration.
Algae and microorganisms undergo cellular respiration, which oxidizes DOC to DIC:

CH.0 + 0, = CO, + H,0 ®)
Additionally, DIC can be converted into DOC through photosynthesis.

COz+ H,0 = CH,0 + O, (4)
1.4.3 Alkalinity

A major component of dissolved inorganic carbon is alkalinity. Alkalinity is defined as
water’s ability to neutralize acid. In most freshwaters, total alkalinity is carbonate alkalinity (Clark
and Fritz, 1997):

Carbonate Alkalinity (meg/L) = [HCO3] + 2[COs*] 5)
1.4.4 Urban effects on DIC and alkalinity

Human land uses can influence the source of DIC and alkalinity and their concentrations
in streams. Kaushal et al. (2017) found that DIC concentrations increased with increasing percent

impervious cover. Moore et al. (2017) found that DIC concentrations increased ten times from
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forested to urban watersheds. Compared to forest watersheds, agricultural and urban watersheds
export significantly more DIC (Barnes and Raymond, 2009). Increased DIC concentrations in
urban areas can be sourced from chemical weathering of carbonate structures, road salts, sewage,
and decreased vegetation (Kaushal et al., 2017). Figure 3, from Barnes and Raymond (2009), shows

how DIC yields differed between forested, agricultural, and urban watersheds.

| forested
R*=0.34
p=0.0001

5 | agricultural

R%=0.38
4+ | p=0.0003

DIC yield (mol mZ yr™)

5 { urban ®
R*=0.30
| p<0.0001

0.0 0.5 1.0 15 2.0 25 3.0
water yield (m yr)

Figure 3: DIC yield (mol/m?*yr) for watersheds with different land uses (Barnes and Raymond,
2009)



Naturally, alkalinity occurs as bicarbonate from carbonate weathering, calcite dissolution,
silicate hydrolysis, and soil respiration (Clark and Fritz, 1997; Kaushal et al., 2017).

Carbonic acid formation: (6)

H20 + CO:z (g) = H2COs

H,COs= HCO3 + H*

Calcite dissolution: (7
H,O + CO; (g) + CaCO3 = Ca?* + 2 HCO3

Silicate hydrolysis: (8)
Silicate mineral + H.O + CO; (g) = HCOs3 + cations + clays

Urban land use increases weathering rates which increases alkalinity in streams and rivers (concrete
weathering). Additionally, liming of soils and crops in agriculture can alter alkalinity in
freshwaters. Barnes and Raymond (2009) reported that agriculture watersheds exported four times
more DIC (specifically bicarbonate/HCOs) than undeveloped watersheds. Raymond and Cole
(2003) found that the increase of alkalinity in the Mississippi River over the last few decades was
mainly due to increased chemical weathering rates from increased rainfall and temperature. Tippler
et al. (2014), found that bicarbonate was 18 times greater in urban streams due to the presence of
concrete.
1.4.5 3%C-DIC

Beyond DIC concentration, 33C of DIC is widely used to fingerprint the evolution of natural
waters buffered by the carbonate system. §!3C is a way of expressing the carbon-13 to carbon-12
ratio relative to internationally-accepted reference material. 3*3C can be used as a tracer because
there are expected differences between the 3C values of soil waters and the 63C values of
groundwaters. Soil waters obtain their DIC from soil CO; and this shifts the *C to be more
negative. Due to their lower pH and alkalinity, soil water and shallow groundwaters have more
negative 8°C-DIC values because 3*C-DIC is dominated by CO, from microbial respiration.
813C-DIC evolves to more moderate values as waters reach neutral pH with higher alkalinity due
to mineral sources and exchange with the atmosphere. If carbonate minerals are present,

groundwaters evolve towards more positive 6°C values along flowpaths due to carbonate
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dissolution (Doctor et al., 2008). 5*3C values are reported relative to the Vienna Pee Dee Belemite
(VPDB), which is a marine carbonate whose 63C is defined to be 0 %o. Measured 5'°C values of
freshwaters are expected to be negative (Clark and Fritz, 1997). §*C-DIC is used as a marker of
where the water lies along a geochemical evolution path.

d3C-DIC values are an informative measure of what processes drive DIC yields to further
demonstrate differences in land use types. Barnes and Raymond (2009) found that urban
watersheds produced 7.8 times more DIC per unit water yield compared to forest watersheds.
Additionally, the average 5*C-DIC of forested watersheds was more enriched (less negative) than
the average 6*3C-DIC of urban watersheds. This enrichment in §*C-DIC in forested watersheds is
likely due to CO; loss to the atmosphere during transport from soil to streams and photosynthesis
(Barnes & Raymond, 2009, Campeau et al., 2018). Urban streams tend to have more negative
S13C-DIC than forested streams due to disturbances to the land, such as construction, and increased
carbonate weathering rates. Urban land uses, lawns and green spaces, typically produce more CO;
and thus a more negative §*C-DIC signature. Lastly, septic and sewer systems increase the amount
of carbon transport into streams which increases CO; and bicarbonate export (Barnes & Raymond,
2009).
1.5 Study Locations and Sample Groups

Mecklenburg County, North Carolina, has an extensive headwater and low-order urban

stream network. Charlotte, Mecklenburg County, was developed on a network of headwaters and
this study provides an interesting look on urban headwater streams. In this study, six watersheds
were selected based on their land use characteristics, ranging from forested to urban: Reedy
Creek, Toby Creek, Little Sugar Creek, Little Hope Creek, Briar Creek, Briar Creek Tributary,
Edward’s Branch, and Beaverdam Creek (Figure 4). Reedy Creek and Toby Creek watersheds
were divided into subwatersheds since there were different land uses dominating throughout their

larger watershed.
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Figure 4: ArcGIS map of the six study watersheds in Mecklenburg County, NC
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1.5.1 Reedy Creek Watershed (RC group)

The headwaters of Reedy Creek watershed have an area of 6.5 square kilometers upstream of
the Plaza Road Extension bridge (USGS gauging station 212427947). Reedy Creek is a
second-order stream that flows into Rocky River, which flows into the Pee Dee River. The creek
flows across a flat, floodplain-like surface that overlies crystalline bedrock and saprolite. Saprolite
is chemically weathered residual in-place bedrock that maintains the fabric of the original bedrock
while significant silicate hydrolysis reactions have taken place, replacing rock-forming silicates
with clays. In many places, these outcrops of bedrock and saprolite constrain the channel.
Elsewhere, especially on lower Reedy Creek, a meandering to braided sand and gravel bed is
present.

Historically, the Reedy Creek watershed was dominated by agriculture as was the case through
much of the North Carolina and South Carolina Piedmont region. Over time, the dredging and
straightening of the stream caused its degradation. The creek has been severely incised and eroded,
and it has flashy discharge with an overload of sediment. Due to its degraded nature, the City of
Charlotte is in the process of a major stream restoration project. The goal of the stream restoration
is to improve the creek’s hydrology, water quality, macroinvertebrate communities, ecological
functions, organic matter supply, and sediment load.

In this study, the watershed is divided into five subwatersheds (Figure 5). Subwatersheds were
determined based on land use: R is the main stem of the creek (Reedy), A is dominated by
agriculture, D represents residential development, P represents the presence of a pond and
low-density development, and C is the control or undeveloped subwatershed (McMillan and
Clinton, 2013). The agriculture, developed, and control land uses have subwatersheds and sampling
points nested within the larger watershed (Figure 5). Additionally, each watershed land use has two
shallow monitoring wells. The agriculture watershed has four surface water sampling points: A1,
A2, A3, and A4 along with two wells: Al Riparian and A1 Upland. The main stem has two surface

water sampling points: R1 and R2 and two wells: R2 Riparian and R2 Upland. The developed
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watershed has surface water sampling points at D1 and D2 and two groundwater wells: D1 Riparian
and D1 Upland. The pond influence watershed has one surface water sampling point at P1 and two
wells: P1 Riparian and P1 Upland. The control watershed has two surface water sampling points at
C1 and C2 and two wells: C1 Riparian and C1 Upland. Each of the surface water sampling points

are located upstream of a confluence (Figure 5).
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Figure 5: ArcGIS map of Reedy Creek (RC group) Watersheds and the study watersheds (11
total). Yellow outlines the watershed boundary and green dots represent the subwatershed outlet.
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1.5.2 Toby Creek (TC group)

Toby Creek is a multiple land use urban watershed in Charlotte, North Carolina with an
area of 11.9 square kilometers. The lower reach of Toby Creek flows through the University of
North Carolina at Charlotte campus. Eleven subwatersheds were selected based on inferred land
uses (Table 1 and Figure 6).

Table 1: Subwatershed land uses of Toby Creek (TC group)

Subwatershed Land use

T1 Entire Toby Creek watershed

T2 Watershed above UNCC campus

T3 Upper watershed at Rocky River Road

TD1 Watershed at Town Center Plaza (commercial
and residential)

TD 2 Watershed at Newell Community Park

uD1 Development on UNCC campus

ubD 2 Development on UNCC campus

UD 3 Development on UNCC campus

UP1 Pond influence on UNCC campus

uul Semi-undeveloped on UNCC campus

uu 2 Semi-undeveloped on UNCC campus
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Figure 6: ArcGIS map of Toby Creek (TC group), Mecklenburg County, NC. 11 total
subwatersheds
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1.5.3 Additional urban watersheds in Mecklenburg County, NC (MC group)

In addition to Reedy Creek and Toby Creek, this study incorporates six urban streams in

the Charlotte metropolitan area: Beaverdam Creek, Little Sugar Creek, Little Hope Creek, Edwards

Branch, Briar Creek, and Briar Creek tributary (Figure 7a-f). These six streams were included in

this study because of their urban attributes and their USGS gauging stations. It is noted that the

sampling point of Little Sugar Creek is located upstream of a wastewater treatment plant. Table 2

lists the watershed with its corresponding USGS ID and drainage area.

Table 2: USGS ID and drainage area (km?) of MC group (USGS data)

Site USGS ID Drainage area (km?)
Beaverdam Creek (Bvr) 214297160 9.62
Little Sugar Creek (LSC) 214640410 8.86
Little Hope Creek (LHC) 2146470 6.81
Edward’s Branch (EB) 214643820 251
Briar Creek (BC) 214642825 134
Briar Creek tributary (BCT) 21464080 3.08
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Figure 7a-f: Aerial imagery of the MC group watersheds (ArcGIS World Imagery basemap)
Green dots indicate represent watershed outlet and sampling point.

a. Beaverdam Creek

b. Little Sugar Creek
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c. Little Hope Creek

d. Edward’s
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e. Briar Creek

f. Briar Creek tributary
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Percent forest, cropland, urban development, and impervious were calculated using

StreamStats. Percent canopy-free impervious area was calculated by Minrui Zheng from the

Center for Applied GIS at UNC Charlotte (CAGIS) (Table 3).

Table 3: Watershed area (km?), percent forest, crop land, urban development, impervious area,
and canopy-free impervious area of each watershed.

% canopy-

% free
Gro Watershed % % crop % urban impervious  imperviou
up Watershed area (km?) forest land development area s area
RC C1 0.9 94 0.6 3.7 0.5 1.6
RC Cc2 0.3 90.9 0 8.9 1.1
RC Al 2 60.3 14.1 22.9 2.1 1.1
RC A2 0.5 55.2 40.3 2.8 0.6 0.5
RC A3 0.6 46.5 13.5 335 3.4 1.4
RC A4 0.7 63 1.1 35.2 2.7 1.3
RC D1 15 40 14.3 42.8 14.1 5
RC D2 0.5 16 32.6 49.7 13.7 2.3
RC P1 1.3 83.4 3.9 3.2 15 1.2
RC R2 4.3 73.4 6.2 16.3 5.3 0.2

Reedy
RC  Creek (R1) 6.2 68.7 8.9 18.8 4.2 1.7
Beaverdam
MC Creek 9.6 60.1 3.6 26.5 4.6 2.3
MC  Briar Creek 11.3 3.6 0 95.7 255 8.4
Briar
MC Tributary 2.4 2 0 98 14.6 6.3
Edward's
MC Branch 1.9 7.3 0.7 92 31.8 10.1
Little Hope

MC Creek 55 0 0 100 33.3 9.8
MC  Little Sugar 7.2 1.6 0 98.4 375 11
TC T1 11.9 13.9 0.9 82.4 23 7.9
TC T2 7.4 154 0.6 81.9 18.3 7.2
TC T3 4.7 12.7 0.7 86 17.9 6.2
TC TD1 0.8 0.5 0 99.1 32.1 9.5
TC TD 2 0.6 8.5 0 90.4 21.8 7.4
TC uD1 0.1 7.7 0 92.3 55.8 19.8
TC uUb?2 0.1 6.1 0 93.3 51.3 17.2
TC uUD 3 0.2 4.2 0 95.7 37.7 11
TC UP1 0.2 16 0.2 83.8 35.8 11
TC uu 1l 0.2 14.3 4.7 78.5 22.7 135
TC uu 2 0.2 17.6 0.6 81.5 34.8 115
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1.6 Objectives

The main objective of this study is to examine alterations to freshwater carbon processes
among watersheds of various land uses in multiple streams in Mecklenburg County, Charlotte,
North Carolina using a baseflow stream sampling approach.
2. Hypotheses

It is hypothesized that watersheds in Charlotte with anthropogenic land uses will have
lower SUVA values and undeveloped forested watersheds will have higher SUVA values. The
urban component of this effect can be represented by percent impervious cover (Figure 8). No
specific hypothesis is made about DOC concentrations or fluxes across land uses as these have been
shown to overlap in the literature.

It is hypothesized that watersheds with anthropogenic land uses will have higher DIC and
alkalinity concentrations and fluxes than undeveloped forested watersheds (Figure 8).

It is hypothesized that undeveloped forested watersheds will have different §*C-DIC
values than anthropogenic watersheds. However, the direction of any possible trend is not predicted
because §*C-DIC can respond to multiple factors including groundwater inputs and instream

processing of DOC and the lack of prior data in the literature.

Percent impervious cover

SUVA (L/mg*m)

DIC concentration (mM) or Alkalinity (meq/L)

Figure 8: Hypothesized trends between SUVA, DIC concentration, and alkalinity with increasing
impervious cover
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3. Methods
3.1 Field methods

Surface water samples were collected at the Reedy Creek watershed (sites Al, R2, C1, C2,
and D1) weekly from June 2016-October 2017 during baseflow conditions. All eleven surface
water sites at the Reedy Creek watershed were sampled monthly. Beaverdam Creek, Briar Creek,
Briar Tributary, Edwards Branch, Little Hope Creek, and Little Sugar Creek were sampled four
times from June 2017 to September 2017 (6/29/2017, 8/04/2017, 8/30/2017, 9/26/2017). Each
surface water point at Toby Creek was sampled four times from June 2017 to October 2017
(6/28/2017/6/30/2017, 7/27/2017, 9/05/2017-9/06/2017, 9/27/2017-10/02/2017). UD2 and UU 2
(TC group) only have a total of three surface water sampling dates because they were not flowing
on 10/02/2017.

Surface water samples were collected by filling acid washed- 1 liter polyethylene bottles
while facing upstream, shaking and emptying downstream, then filling completely and capping
tightly to minimize head space. These bottles were transported to the laboratory for analysis. In
addition to water sample collection, pH, temperature, dissolved oxygen, and specific conductivity
were measured at each sampling location using a Y SI multiparameter probe.

Additionally, discharge measurements were taken at the Reedy Creek and Toby Creek
subwatersheds at select sampling events between August and October 2017. All stream discharge
measurements were taken during baseflow. Discharge was measured manually at RC group and
TC group. MC group and the Reedy outlet have USGS gauging sites, which automatically
measures stream stage which is converted to discharge. At each sampling site, a location was
chosen where the creek was flowing and not stagnant. The wetted width was measured in addition
to the bank width (in centimeters). Based on the wetted width, the cross section was divided into
5 to 10 subsections, of approximately 10 centimeters. At each subsection, depth of the water was
measured (in centimeters). At forty percent of each depth, flow was measured using a Swoffer

2100 Current Velocity Meter. Flow was measured in m/s. The measurements taken in the field
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were recorded and brought back to the lab. The following equations were used to calculate
discharge in liters/second:
Flow cross sectional area (cm?) = width (cm) x flow depth (cm) 9

Area (m?) x flow rate (m/s) = Discharge (m®/s)

3.2 Laboratory methods

Water samples were analyzed for DOC and DIC concentrations, 3:3C-DIC values, SUVA,
major anion concentrations (fluoride, chloride, nitrate, and sulfate), major cation concentrations
(sodium, potassium, magnesium, and calcium), and alkalinity. Samples were brought back to the
UNC Charlotte hydrology and biogeochemistry laboratory and were vacuum filtered immediately
upon return. DOC and SUVA samples were filtered using 0.45 um glass fiber (GFF) filters. DIC,
813C-DIC, alkalinity, anions, and cation samples were filtered using 0.2-micron polyethersulfone
filters. Anion and cation samples were filtered into 50 mL polypropylene centrifuge tubes and were
refrigerated until analysis. Additionally, high-purity nitric acid at a final concentration of 0.5% was
added to the cation samples to preserve the samples. DIC/ §**C-DIC and alkalinity samples were
filtered into 20 mL crimp top vials and were stored in the refrigerator.

To measure DOC concentration, a Shimadzu TOC carbon analyzer was used. The standard
TOC-TN Analyzer Operational Procedure was followed. Two known standards, 10 mg/L and 20
mg/L of DOC were used throughout the analyses to calibrate. A UV Spectrophotometer was used
to analyze SUVA. UV absorbance was obtained using the spectrophotometer at 254 nanometers
and recording the value (Weisher et al., 2003). DOC concentration (mg/L) was divided by UV
absorbance and multiplied by 100 to obtain SUVA (L/mg*m). DIC concentrations and §*C-DIC
values were measured using a Picarro cavity ring-down spectrometer. Cations and anions were
measured by ion chromatography using a Dionex DX-500 IC system with AS14A and AG14

analytical columns. Alkalinity titrations followed the Gran titration method.
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Impervious cover was calculated through ArcGIS and USGS StreamStats. Watersheds
were delineated on ArcMap using 2012 Mecklenburg County LiDAR data (provided from
maps.co.mecklenburg.nc.us). Once delineated, watershed areas were calculated using ArcMap.
Percent forest, crop land, and urban development were provided from USGS StreamStats 4. USGS
StreamStats used area-weighted mean (ArcGIS) to calculate percent forest, crop land, and urban
development. Table 4 describes which datasets were used in StreamStats:

Table 4: StreamStats datasets and associated land use description

StreamStats datasets Description
LC11DEV Percentage of developed (urban
land) from NLCD 2011 classes 21-
24
LC11FOREST Percentage of forest from NLCD
2011 classes 41-43
LC11IMP Average percentage of impervious

area determined from NLCD 2011
impervious dataset
LC11CRPHAY Percentage of cultivated crops and
hay, classes 81 and 82 from NLCD
2011

(streamstats.usgs.gov/ss/ and mrlc.gov.nlcd11_leg.php)

Minrui Zheng (Center for Applied Geographic Information Science at UNCC) used the
Mecklenburg County 2012 Tree Canopy/ Landcover dataset and classified seven land covers: 1)
tree cover, 2) grass/shrub, 3) bare earth, 4) water, 5) buildings, 6) roads, 7) other paved surfaces
Buildings, roads, and other paved surfaces were used in the percent impervious cover estimation.
Impervious cover was an underestimate because tree-covered impervious was counted as tree
cover. The calculated impervious cover is canopy-free impervious cover. In this study, impervious
area calculated from StreamStats was used in the results.

Additionally, dissolved organic carbon and dissolved inorganic carbon fluxes were
calculated. Watershed area was converted from square kilometers to hectares. Discharge was
converted to from cubic meters per second to cubic meters per year. DOC and DIC concentrations
were converted to kilograms/cubic meter. DOC and DIC in kg/m? was multiplied by m®/year giving

the final number of DOC or DIC in kg/hectare/year.
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4. Results
4.1 Stream discharge

Discharge measurements were taken at each site on different dates from August 2017 to
October 2017 and yearly baseflow was estimated by converting cubic meters per second to cubic
meters per year (Table 5).
Table 5: Area and discharge of each watershed. Green highlight indicates forest/undeveloped land
use, orange indicates agriculture land use, purple indicates urban/developed land use, unshaded

indicates watershed outlet or mixed uses, blank spaces mean discharge was not measured that
day.

S ¢ g§& F2y F2z Fgzi Fay s2fg
= o 8% SEA SEX SES cEd £ 835
© £ £ d7® &%= g7 578 F-EE
RC C1 0.88 0.001 0.003 6.2x10%
RC C2 0.34 0.001 0.002 0.001 0.001 4.1x10*
RC Al 2.02 0.004 0.003 0.003 0.001 7.6x10*
RC A2 0.49 0.002 0.002 6.5x10%
RC A3 0.60 0.001 0.000 1.2x104
RC A4 0.70 0.000 0.000 4.,7x103
RC D1 1.45 0.017 0.002 0.003 0.001 1.8x10°
RC D2 0.47 0.000 0.000 2.0x103
RC P1 1.27 0.002 0.001 0.001 0.000 3.0x10*
RC R1 6.23 0.015 0.002 4.5%10°
RC R2 4.30 0.015 0.007 0.014 0.005 3.2x10°
RC RCUSGS 6.23 0.015 0.016 0.018 0.007 4.5x10°
he; o5 @ <) ~ <] N~ <) | ko] =
= 2 2% 2oz P28 £28 S@S £23%
o & 88 289 2E& 2E] 2E&£S Z S8
= =5 O % 0 ® 0O & a S T-IRS
MC Bvr 9.60 0.015 0.016 0.018 0.007 4.5x10°
MC BC 11.3 0.024 0.017 0.030 0.010 6.3x10°
MC BCT 2.35 0.001 0.003 0.003 0.003 7.8x10*
MC EB 1.99 0.001 0.001 0.003 0.001 4.0x10*
MC LHC 5.46 0.013 0.009 0.010 0.009 3.2x10°
MC LSC 7.19 0.096 0.108 0.069 0.071 3.2x10°
he; I Fall: ~ i =
= 2 £E 228 £>3%
S B £5 SER £EE8X
° 5 gE2°E i
TC T1 11.9 0.127 4.0x10°
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TC T2 7.39 0.080 2.5x106
TC T3 4.74 0.025 7.9x10°
TC TD 1 0.84 0.008 2.4x10°
TC TD 2 0.63 0.002 6.0x10*
TC uD1 0.11 0.001 3.8x10*
TC uD 2 0.12 0.001 4.7x10*
TC uD 3 0.15 0.002 5.1x10*
TC UP 1 0.14 0.003 6.6x10*
TC uu 1 0.17 0.002 5.7x10*
TC uu 2 0.15 0.001 1.9x10*

T1 (TC group) had the largest estimated yearly baseflow of 4.0x108 m®/year. D2 (RC
group) had the smallest estimated yearly baseflow of 2.0x10° m®/year.
4.2 Dissolved organic carbon and SUVA
4.2.1 Inter-site variation

In the RC group, control site (C2) had a mean DOC concentration of 2.83 mg/L. C1 and
C2 had DOC concentrations ranging from 1.43 mg/L to 8.33 mg/L. The agriculture sites (Al,
A2, A3, A4) had mean DOC concentrations ranging from 2.48 to 4.70 mg/L. Within the
agricultural sites, A4 had the lowest DOC concentration of 1.60 mg/L and A3 had the highest
DOC concentration of 15.9 mg/L. D1 and D2 had DOC concentrations ranging from 1.07 mg/L to
5.68 mg/L. P1 DOC concentrations ranged from 1.10 mg/L to 17.8 mg/L. The main stem of
Reedy (R1 and R2) had DOC concentrations ranging from 1.69 mg/L to 8.56 mg/L (Figure 9,
Figure 11).

MC group had mean DOC concentrations ranging from 1.74 mg/L at Edward’s to 4.99
mg/L at Beaverdam Creek. DOC concentrations at Beaverdam Creek ranged from 3.73 to 7.30
mg/L. Briar Creek and Briar Creek Tributary DOC concentrations ranged from 2.12 to 4.91

mg/L. Edward’s DOC concentrations were 1.19 mg/L to 2.55 mg/L. Little Hope Creek had DOC
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concentrations ranging from 1.89 mg/L to 3.07 mg/L. Little Sugar Creek DOC concentrations
were 1.81 to 6.60 mg/L (Figure 9, Figure 11).

TC group (Toby Creek) had mean DOC concentrations ranging from 2.43 mg/L at TD 1
t0 4.02 mg/L at T3. T1 DOC concentrations ranged from 2.74 mg/L to 3.75 mg/L. T2 DOC
concentrations were 2.10 mg/L to 4.34 mg/L. T3 DOC concentrations ranged from 1.57 mg/L to
10.05 mg/L. TD 1 and TD 2 had DOC concentrations ranging from 2.00 to 5.24 mg/L. UD 1, UD
2, and UD 3 had DOC concentrations ranging from 2.42 mg/L at UD 1 to 4.65 mg/L at UD 3. UP
1 DOC concentrations ranged from 3.23 mg/L to 4.43 mg/L. UU 1 had DOC concentrations of
2.32 mg/L to 6.21 mg/L. UU 2 DOC concentrations ranged from 2.00 mg/L to 3.31 mg/L (Figure
9, Figure 11). Overall, there was no systematic trend observed in DOC concentration among sites.

Control sites C1 and C2 (RC group) had SUVA values ranging from 0.29 L/mg*m to
4.92 L/mg*m. Agricultural sites SUVA values ranged from 0.28 L/mg*m at A3 to 18.7 L/mg*m
at A2. The developed sites had SUVA values ranging from 2.20 L/mg*m to 11.3 L/mg*m. P1 had
SUVA values of 0.25 L/mg*m to 9.59 L/mg*m. The main stem of Reedy had SUVA values of
0.55 L/mg*m to 4.57 L/mg*m (Figure 10, Figure 13).

Beaverdam Creek (MC group) had SUVA values ranging from 2.14 L/mg*m to 4.39
L/mg*m. Briar Creek and Briar Creek Tributary had SUVA values of 2.46 L/mg*m to 4.32
L/mg*m. Edward’s had SUVA values ranging from 2.83 L/mg*m to 5.70 L/mg*m. Little Hope
Creek had SUVA values of 2.91 L/mg*m to 3.77 L/mg*m. Little Sugar Creek SUVA values
ranged from 2.93 L/mg*m to 3.42 L/mg*m (Figure 10, Figure 13).

T1 (TC group) had SUVA values ranging from 2.72 L/mg*m to 3.07 L/mg*m. T2 had
SUVA values of 1.50 L/mg*m to 4.44 L/mg*m. T3 SUVA values ranged from 1.31 L/mg*m to
3.65 L/mg*m. TD 1 and TD 2 had SUVA values ranging from 2.16 L/mg*m to 5.34 L/mg*m.
UD 1 and UD 2 had SUVA values of 1.35 L/mg*m to 3.08 L/mg*m. UD 3 had SUVA values

ranging from 3.68 L/mg*m to 7.40 L/mg*m. UP 1 had SUVA values of 2.16 L/mg*m to 3.35
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L/mg*m. UU 1 and UU 2 had SUVA values ranging from 2.29 L/mg*m to 3.93 L/mg*m (Figure
10, Figure 13).
From the results above, it may seem that there are no discernable differences between

sites for SUVA, but Figure 14 suggests inter-site differences occur. As percent impervious cover

increases, SUVA values generally decrease.
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Figure 9: Box plot of DOC concentration vs. increasing percent impervious cover
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Figure 10: Box plot of SUVA values vs. increasing percent impervious cover
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4.2.2 Temporal variation

A3 (RC group) had the highest DOC concentration of 24.8 mg/L on 8/4/2016.
Additionally, A4 DOC concentration reached 18.5 mg/L on 9/20/2016. Spikes of DOC occurred
in August-September 2016 and October 2017. DOC concentrations remained fairly consistent
through late October 2016 to October 2017 (Figure 15). However, DOC concentrations reached a
maximum of 17.8 mg/L at P1 and 15.9 mg/L at A3 on 10/20/2017. SUVA values were highest at
A2 on 5/31/2016 and 8/4/2016 with values of 18.7 L/mg*m and 12.9 L/mg*m respectively. D1
peaked to 11.3 L/mg*m on 10/12/2016. SUVA values were mostly consistent from November
2016 to May 2017 (Figure 16). DOC concentrations (mg/L) of the MC group were fairly stable
for 6/29/2017, 8/4/2017, and 8/30/2017. On 9/26/2017, DOC concentrations increased for all MC
sites (Figure 17). SUVA values were also fairly stable on all sampling dates (Figure 18). Little
Sugar Creek did not have a sample on 9/26/2017 due to sample vials breaking. TD 1 had the
highest DOC concentration of 10.1 mg/L on 6/28/2017 of the TC group. T1 was highest on
7/27/2017 at 6.6 mg/L. UU 1 DOC concentration was highest on 9/5/2017 at 6.2 mg/L (Figure
19). SUVA values were fairly level for the four sampling dates. However, there was an increase

on 7/27/2017 (Figure 20).
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4.3 Dissolved inorganic carbon, alkalinity, and pH
4.3.1 Inter-site variation

pH measurements ranged from 6.8 to 8.8 for all sites (Figure 21). Bicarbonate/ HCOs’
was the dominant DIC/alkalinity species in this study. Little Sugar Creek had the highest pH of
8.8 and C1 had the lowest pH of 6.8. A correlation coefficient of 0.42 indicated that pH is
moderately correlated with percent impervious cover; pH generally increased with increased
percent impervious cover.

Control sites C1 and C2 at Reedy Creek had mean alkalinity concentrations of 0.35 and
0.38 meg/L. Agriculture sites (Al, A2, A3, and A4) had mean alkalinity concentrations ranging
from 0.80 to 0.95 meg/L. C1 and C2 had the lowest alkalinity concentrations compared to all of
the RC group sites. Alkalinity concentrations ranged from 0.17 meg/L to 0.57 meg/L at the
control sites. The lowest alkalinity concentration of the agricultural sites was 0.36 meg/L at Al.
Al also had the highest alkalinity concentrations of the agricultural sites of 1.27 meq/L. A2, A3,
and A4 alkalinity concentrations fell within the range 0.57 to 1.10 meg/L. The developed sites of
the RC group had alkalinity concentrations ranging from 0.45 meg/L to 1.47 meg/L (D1 and D2).
P1 had alkalinity concentrations from 0.44 meg/L to 1.33 meg/L. The main stem of Reedy (R1
and R2) had alkalinity concentrations of 0.43 to 1.08 meg/L (Figure 22 and Figure 24). RC group
sites exhibited both inter-site differences and temporal variability for alkalinity and DIC
concentration.

In the MC group, mean alkalinity concentrations ranged from 1.16 to 1.80 meg/L at
Edward’s Branch and Briar Tributary. Beaverdam Creek had alkalinity concentrations of 1.30
meg/L to 1.93 meq/L. Briar Creek ranged from 1.26 meq/L to 1.74 meg/L. Briar Creek Tributary
had alkalinity concentrations of 1.56 meg/L to 2.14 meq/L. Edward’s Branch alkalinity
concentrations ranged from 1.14 meg/L to 1.17 meg/L. Little Hope Creek alkalinity
concentrations ranged from 1.18 meg/L to 1.28 meqg/L. Little Sugar Creek alkalinity

concentrations were 1.44 meg/L to 1.92 meg/L (Figure 22 and Figure 24).
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In the TC group, UD 3 had the highest alkalinity of 2 meq/L. T1, the outlet of Toby
Creek, had alkalinity concentrations ranging from 1.56 meg/L to 1.90 meqg/L. T2 alkalinity
concentrations ranged from 1.52 to 2.00 meg/L. T3 had alkalinity concentrations ranging from
1.30 meg/L to 2.13 meg/L. TD 1 and TD 2 alkalinity concentrations ranged from 1.24 to 2.16
meg/L. UD 1 and UD 2 alkalinity concentrations ranged from 1.40 meg/L to 3.12 meg/L. UD 3
alkalinity concentrations ranged from 0.6 meg/L to 3.76 meg/L. UP 1 alkalinity concentrations
were 1.23t0 2.14 meg/L. UU 1 and UU 2 alkalinity concentrations ranged from 1.30 to 2.47
meq/L (Figure 22 and Figure 24).

Within the RC group, control sites C1 and C2 had mean DIC concentrations of 0.54 and
0.51 mM. A1, A2, A3, and A4 had mean DIC concentrations of 1.13, 0.94, 1.13, and 1.07 mM
respectively. DIC concentrations of C1 and C2 ranged from 0.29 mM to 0.87 mM. A2 had the
lowest DIC concentration of the agricultural sites of 0.33 mM. A3 had the highest DIC
concentration of 1.90 mM. D2 had the lowest and highest DIC concentrations of 0.49 mM and
1.78 mM for the developed RC sites. D1 DIC concentrations were less variable and ranged from
0.65 mM to 1.19 mM. P1 DIC concentrations ranged from 0.57 mM to 1.60 mM. The main stem
of Reedy (R1 and R2) had DIC concentrations ranging from 0.70 mM (R1) to 1.27 mM (R2)
(Figure 23 and Figure 26).

MC group had mean DIC concentrations ranging from 1.33 mM at Edward’s and 2.12
mM at Beaverdam Creek. Beaverdam Creek had DIC concentrations ranging from 1.47 mM to
2.79 mM. Briar Creek and Briar Creek Tributary had DIC concentrations of 1.37 mM to 1.94
mM. Edward’s DIC concentrations ranged from 1.27 mM to 1.37 meq/L. Little Hope Creek DIC
concentrations ranged from 1.34 mM to 1.52 mM. DIC concentrations of Little Sugar Creek were
1.58 mM to 1.97 mM (Figure 23 and Figure 26).

TC group had DIC concentrations ranging from 1.50 mM at UP 1 and 2.28 mM at UD 1.
DIC concentrations of T1 ranged from 1.77 mM to 2.20 mM. T2 and T3 DIC concentrations were

1.70 mM to 2.30 mM. TD 1 and TD 2 had DIC concentrations ranging from 1.55 mM to 2.27
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mM. UD 1 and UD 2 DIC concentrations ranged from 1.73 mM to 2.84 mM. UD 3 DIC
concentrations ranged from 0.67 mM to 3.76 mM. UP 1 had DIC concentrations of 0.96 mM to
1.92 mM. UU1 and UU 2 had DIC concentrations ranging from 1.42 mM to 2.41 mM (Figure 23
and Figure 26).

As percent impervious cover increases, there was an observable increase in alkalinity
(Figure 24 and Figure 25). UD 3 (TC group) had the highest alkalinity of 3.76 meg/L. C1 (RC
group) had the lowest alkalinity of 0.20 meg/L. Also, DIC concentrations generally increase as
percent impervious cover increases (Figure 26 and Figure 27). DIC concentration is highest for
UD 3 (MC group) at 3.76 mM. C2 and R1 (RC group) had the lowest DIC concentrations of 0.29

mM and 0.27 mM, respectively.
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4.3.2 Temporal variation

In the RC group, alkalinity concentration reached a maximum of 2.2 meg/L at Al during
summer 2016. Autumn 2016 also produced high alkalinity. Alkalinity decreased in March 2017
and then increased towards September 2017 (Figure 28). DIC concentrations of the RC group
were highest during autumn months of 2016 and 2017. A3 had the highest DIC concentration of
1.93 mM on 9/20/2016. D2 had a peak DIC concentration of 1.78 mM on 11/16/2016 and 1.69
mM on 9/20/2017. C1 and C2 DIC concentration reached 0.87 mM and 0.81 mM on 9/21/2016
(Figure 29), again reflecting the fall autumn maximums. DIC concentrations and alkalinity
exhibited more variability/range at the agriculture and developed sites of the RC group, compared
to the controls (Figure 28 and Figure 29).

Edward’s branch alkalinity was uniform on all four sampling dates (1.14-1.17 meq/L).
Little Hope Creek was also fairly uniform on all four sampling dates (1.18-1/28 meqg/L). Briar
Creek and Beaverdam Creek both increased between 8/4/2017 and 8/30/2017, then decreased on
9/26/2017. Briar Tributary and Little Sugar Creek both had their highest alkalinities on 9/26/2017
of 2.14 meg/L and 1.92 meg/L, respectively (Figure 30). DIC concentrations were fairly
consistent on all four sampling dates for Edward’s, Little Hope Creek and Briar Tributary.
Beaverdam Creek had a sharp increase from 6/29/2017 to 8/4/2017 and 8/30/2017 (1.47 mM to
2.79 mM). DIC concentration then decreased from 2.79 mM to 1.74 mM on 9/26/2017 at
Beaverdam Creek. Briar Creek exhibited a small increase from 1.37 to 1.61 then to 1.94 from
6/29/2017 to 8/4/2017 to 8/30/2017. Little Sugar Creek decreased to 1.58 mM on 8/30/2017
(Figure 31).

Alkalinity and DIC concentration followed the same pattern for the TC group (Figure 32
and Figure 33). UP 1, TD 2, UU 1, and UD 2 had peak alkalinity and DIC concentration on
7/27/2017. UD 3 had the highest alkalinity of 3.76 meg/L and DIC concentration of 3.76 mM on

10/2/2017 for all of the TC group.
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4.4 3C-DIC
4.4.1 Inter-site variation

C1 and C2 had mean §*C-DIC values of -14.8 and -15.3 %o, respectively. Agriculture
mean 8°C-DIC values ranged from -15.5 to -14.9 %o. C1 and C2 had 8**C-DIC values ranging
from -17.4 to -10.0. Agricultural sites had 3**C-DIC values ranging from -17.9%o at A3 to -12.3%o
at A2. D1 and D2 had §"*C-DIC values of -16.5%o at D1 to -9.4%o at D2. P1 §**C-DIC values
ranged from -16.7%o to -11.2%o. The main stem of Reedy Creek had §*C-DIC values of -16.5%o
at R1to -12.3%o at R2. Overall at RC, the most positive values of §*C-DIC were found at D2
(Figure 35).

Streams in the MC group exhibited mean §*3C-DIC values ranging from -15.8 (Beaverdam
Creek) to -13.0 %o (Little Sugar Creek). Beaverdam Creek 3*3C-DIC values ranged from -16.5%o
t0 -15.1%o. Briar Creek and Briar Creek Tributary §*3C-DIC values ranged from -14.4%o
to -12.6%o. Edwards Branch had 5*C-DIC values of -15.7%o to -14.5%.. Little Hope Creek
813C-DIC values ranged from -15.1%o to -13.6%o. Little Sugar Creek had §*C-DIC values of -
13.2%o to -12.7%o. Overall within the MC group, the most positive values of §*C-DIC were
found at Briar Creek, Little Sugar Creek, and Briar Tributary (Figure 35).

Within the TC group, UD 2 had the most negative mean §*3C-DIC value of -15.0%o and
UD 3 had the least negative mean 8*C-DIC value of -10.7%.. T1 had 5'*C-DIC values of -13.6%o
t0 -13.2%o. T2 and T3 &*3C-DIC values ranged from -15.0%o to -13.3%o. TD 1 and TD 2 $'*C-DIC
values ranged from -14.0%o to -13.6%o. UD 1 and UD 2 had §'*C-DIC values of -15.4%o
t0 -12.5%o0. UD 3 5'C-DIC values ranged from -12.5%o to -7.4%.. UP 1 §**C-DIC values ranged
from -12.4%o t0 -11.4%o. UU 1 and UU 2 had 5'*C-DIC values of -12.8%o to -11.8%.. Overall in
the TC group, the most positive values of 3**C-DIC were found at UD 3 and UP 1 (Figure 35).

When all data are used, it looks like there is a clear increase in §*C-DIC with increased
percent impervious cover (Figure 34 and Figure 35). However, Figure 36 only looks at §*C-DIC

from June 2017- October 2017 and there is no observable trend.
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4.4.2 Temporal variation

513C-DIC reached the most positive values on 3/16/2017 for the RC group (Figure 37).
D2 had the most positive §*C-DIC value of -9.4%o on 3/16/2017. A3 had the most negative
313C-DIC value of -18.9%o on 7/28/2016. The RC group is experiencing some seasonal trends of
813C-DIC. More negative 8*C-DIC values are occurring in later summer 2016 and rising to the
highest §*C-DIC values March 2017. 3*C-DIC values are then decreasing from March 2017 to
October 2017, with a slight peak at D1 and A3 during summer 2017. Little Sugar Creek 3**C-DIC
values were consistent for the four sampling dates, ranging from -13.2%o to -12.7%o.. Beaverdam
Creek had the most negative 3*3C-DIC values of the MC group on 8/4/2017 and 8/30/2017 of -
16.4%o and -16.5%o, respectively. Briar Creek and Briar Tributary had the most positive 5**C-DIC
values of -12.6%o and -12.7%o on 8/4/2017 (Figure 38). UD 3 had the most positive §**C-DIC
value of -7.4%o on 9/5/2017. Overall, 3*3C-DIC values were fairly uniform for all four sampling
dates at all TC sites (except for UD 3). UD 2 had the most negative 6*3C-DIC values ranging
from -15.4%o to -14.5 %o (Figure 39). 8**C-DIC values varied more at Reedy Creek, due to the
sampling period being longer (May 2016- 2017). The summer TC and MC group sampling might

not have been able to capture the true seasonal variation of §*C-DIC between all sites.
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Mean DOC, SUVA, alkalinity, DIC, and § 3C-DIC are listed below (Table 6).

Table 6: Means and standard deviations of DOC and DIC concentrations, alkalinity, SUVA, and
813C-DIC for all 28 sampling sites (green highlight= undeveloped/forest, orange
highlight=agriculture, purple highlight= urban/developed, unshaded=watershed outlet or mixed

uses)
Group  Site Mean Mean Mean Mean DIC Mean
DOC SUVA alkalinity (mM) dBC-DIC
(mg/L) (L/mg*m) (meg/L) (%o)
RC C1 2.89£1.00 3.85+0.69  0.38+0.11 0.54+0.12 -14.8+1.41
RC C2 2.83+1.44 4.16%0.78  0.35+0.09 0.51+0.14 -15.3+£1.65
RC Al 2.49+0.62 3.01+0.89  0.93+0.22 1.13+0.14 -14.9+1.10
RC A2 248155 8.26+£7.19 0.86x0.06 0.94+0.22 -15.0+1.59
RC A3 470757 2.48+1.37  0.80+0.20 1.13+0.40 -15.5+1.96
RC A4 3.75+4.92 3.70£1.90  0.95+0.17 1.07+0.31 -15.2+1.06
RC R1 2.33+0.53 3.48+1.16  0.79+0.17 1.03+0.26 -15.2+1.11
RC R2 3.00+1.72 2.68+1.23  0.82+0.17 0.99+0.17 -14.8+1.22
RC D1 2.93+£1.35 4.04+2.55 0.88+0.20 0.98+0.19 -14.6+1.39
RC D2 4.00£1.00 3.23+0.42  1.09+0.33 1.11+0.35 -12.6x1.76
RC P1 2.82£1.37 3.20£1.02  1.02+0.35 1.13+0.35 -14.7+1.91
MC Beaverdam  4.99+1.58 3.48+1.02  1.66+0.31 2.12+0.62 -15.8+0.73
Creek
MC Briar Creek  2.98+1.31 3.63+0.68  1.45+0.22 1.60+0.25 -13.2+0.43
MC Briar 2.93+0.71 3.27+0.58  1.80+0.28 1.75+0.11 -13.3+.075
Tributary
MC Edward’s 1.74+0.57 3.83x1.29 1.16x0.013  1.33+0.049 -15.1+0.58
Branch
MC Little Hope  2.27+0.54 3.37£0.39  1.23+0.06 1.42+0.078 -14.3+0.63
Creek
MC Little Sugar  3.20+2.28 3.21+0.25  1.68+0.20 1.78+0.16 -13.0£0.22
Creek
TC T1 3.23+0.51 3.01+£0.27  1.77+0.19 2.01+0.18 -13.4+0.19
TC T2 3.09+1.14 3.12+1.50  1.70+0.22 1.94+0.25 -13.8+0.39
TC T3 4.02+4.03 2.96+1.10 1.68+0.35 1.76+0.17 -14.1+0.59
TC TD1 2.43+0.30 3.65+0.18  1.69+0.22 1.99+0.19 -13.8+£0.18
TC TD 2 3.29£1.69 3.82+£1.60 1.57+0.28 1.90+0.25 -13.7+0.35
TC ubD 1 3.28£1.00 2.00£0.69  2.18+0.22 2.28+0.19 -12.7+0.44
TC uD 2 3.89+0.28 2.93+0.23  2.20+0.87 2.21+0.57 -15.0+0.49
TC ub 3 3.77£0.73 5.04+2.05 1.80+1.40 1.88+1.37 -10.7+£2.29
TC UP 1 3.80£0.57 2.71+049  1.62+0.42 1.50+0.42 -11.8+0.47
TC uul 3.68+1.73 2.99+0.72  1.93+0.61 1.92+0.49 -12.4+0.41
TC uu 2 2.70+0.66 2.77+0.42  1.59+0.21 1.60+0.17 -12.7+0.12
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4.5 Cation and anion concentrations
4.5.1 Cations

Major cation and anion concentrations were sampled as additional measures of water
quality along an urbanization gradient. R1 and R2 (RC group) had the lowest Na* concentration
of 1.9 ppm. Of the RC group, Al and D2 had the highest Na* concentrations of 12.1 and 12.2
ppm. Control sites (C1 and C2) Na* concentration ranged from 2.5 ppm to 8.8 ppm. UU1, UP 1,
and UD 3 (TC group) had the highest Na* concentrations of 22.2 ppm, 22.9 ppm, and 23.5 ppm,
respectively (Figure 40). In general, Na* concentration increases as percent impervious cover
increases. K* concentration was lowest at R2 and R1 (RC group) at 0.5 ppm. UU1 (TC group) had
the highest K* concentration of 6.5 ppm. The control sites had K* concentrations ranging from
0.49 ppm to 1.09 ppm. UD 2 and UD 1 had some of the highest K*concentrations of 5.4 ppm and
4.9 ppm, respectively (Figure 41). Overall, K* concentrations are increasing with increasing
percent impervious cover. Control sites (C1 and C2) had the lowest Mg?* concentrations of 0.8
ppm and 1.0 ppm. UP 1, UU 1, and UD 3 (TC group) had the highest Mg?* concentrations of 16.1
ppm, 16.4 ppm, and 16.8 ppm, respectively. Control sites Mg?* concentrations ranged from 0.8
ppm (C1) to 7.8 ppm (C2). There appears to be an increase in Mg?* concentration as percent
impervious cover increases (Figure 42). C2 and C1 (control sites) had the lowest Ca?*
concentrations of 2.4 ppm and 2.5 ppm. UD 2 and UD 3 (TC group) had the highest Ca%*
concentrations of 37.8 ppm and 37.9 ppm. Ca?* concentrations ranged from 2.4 ppm to 16.2 at the
control sites. Overall, Ca?* concentrations are increasing with increasing percent impervious

cover (Figure 43).
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Figure 40: Sodium (Na*) concentration vs. percent impervious cover (May 2016- October 2017)
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4.5.2 Anions

Control sites, C1 and C2, had the lowest F- concentration of 0.05 ppm. UD 1 (TC group)
had the highest F-concentration of 0.80 ppm. F~ concentration is increasing as percent impervious
cover increases (Figure 44). P1 (RC group) had the lowest ClI- concentration of 1.81 ppm. UP 1
had the highest CI- concentrations of 42.1 ppm and 51.9 ppm. Control sites, C1 and C2, had CI
concentrations ranging from 2.76 ppm to 6.51. There is an observable pattern of CI-
concentrations increasing as percent impervious cover increases (Figure 45). A3 (RC group) had
the highest NO3™ concentration of 5.93 ppm. A2 had high NOs™ concentrations of 2.90 ppm, 2.88
ppm, and 2.86 ppm. UP 1 had the lowest NOs™ concentration of 0.02 ppm (Figure 46). Briar
Tributary (MC group) had the highest PO* concentration of 0.43 ppm. Control sites (C1 and C2)
had PO4* concentrations ranging from 0.0 ppm to 0.29 ppm. There appears to be a slight negative
correlation between PO, concentration and percent impervious cover. Overall, POs*
concentration is decreasing with increasing percent impervious cover (Figure 47). UD 1 (TC
group) had the highest SO4* concentrations of 32.9 ppm, 29.8 ppm, and 26.8 ppm. C1 and C2
(control sites) had the lowest SO4* concentrations of 0.90 ppm and 0.91 ppm. Overall, SO4*
concentration is increasing as percent impervious cover is increasing (Figure 48). There is no

trend in fluoride/chloride ratios (Figure 49).
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Figure 44: Fluoride (F") concentration vs. percent impervious cover (May 2016- October 2017)
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Figure 46: Nitrate concentration (NO3’) vs. percent impervious cover (May 2016- October 2017).
Nondetectable concentrations are plotted as zero.
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Mean cation and anion concentrations are listed below in Table 7 and Table 8.

Table 7: Means and standard deviations of cation concentrations (Na, K*, Mg?*, and Ca?*) for the

28 sampling sites (green highlight= undeveloped/forest, orange highlight=agriculture, purple
highlight= urban/developed, unshaded=watershed outlet or mixed uses)

Group Site Mean Mean K* Mean Mean
Na*(ppm) (ppm) Mg (ppm) Ca**(ppm)
RC C1 5.64+1.32 1.36+0.48 2.07+£1.30 5.41+3.40
RC C2 5.63+0.71 1.47+0.33 1.40+0.21 3.70+0.73
RC Al 8.73+£2.27 1.47+0.67 3.92+0.93 10.6£2.70
RC A2 8.98+1.13 1.61+0.41 4.92+0.44 12.7+£1.28
RC A3 8.83+1.68 1.56+0.24 3.74+0.59 9.58+1.60
RC A4 8.01+1.16 1.48+0.24 3.72+0.81 10.2+2.45
RC R1 7.19+1.46 1.59+0.37 3.80+0.64 10.9+1.78
RC R2 7.03+1.76 1.69+0.55 4.29+1.62 11.3+3.58
RC D1 7.29+2.15 2.08+0.66 3.84+0.89 10.2+2.43
RC D2 8.40+2.99 3.25+0.71 5.84+1.96 14.1+4.39
RC P1 7.44+4.11 1.36+0.52 3.84+1.47 11.5+4.50
MC Beaverdam  5.39+0.26 3.37+0.08 6.27+0.86 17.3+£2.33
Creek
MC Briar Creek  9.20+0.69 2.64+0.42 4.88+0.56 18.7+£3.31
MC Briar 12.1+2.58 3.92+0.54 7.59+0.67 24.6+1.48
Tributary
MC Edwards 8.31+0.07 1.56+0.22 4.46%0.22 13.9+0.80
Branch
MC Little Hope  9.42+0.25 2.99+0.47 5.52+0.22 20.6+0.57
Creek
MC Little Sugar  10.0+0.58 2.86+0.33 7.24+0.77 25.4+1.81
Creek
TC T1 11.02+1.11 3.18+0.44 8.62+0.66 22.8+1.55
TC T2 10.31+1.07 2.71+0.33 7.96+£1.21 20.11+2.46
TC T3 8.57+5.55 2.63%5.73 7.30+6.03 17.99+6.39
TC TD1 10.72+1.01 2.82+0.24 7.79+0.53 21.33+£1.30
TC TD 2 10.66+1.41 2.96+0.29 7.09+0.82 19.25+2.58
TC UD 1 17.82+0.63 4.59+0.42 10.36+1.04 31.87+£2.96
TC uD 2 12.70+£3.72 4.38+0.90 8.85+2.24 31.32+6.59
TC uD 3 11.12+8.57 2.99+0.40 8.27+5.98 19.11+13.20
TC UP1 16.0145.17 2.94+0.54 11.33+4.58 25.71+9.58
TC uu1l 17.93+5.02 3.45+2.03 12.77+£3.79 28.62+6.29
TC uu 2 15.74+2.32 3.27+0.21 9.81+1.37 24.31+3.01
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Table 8: Means and standard deviations of anion concentrations (F-, Cl, NOs", POs*, SO4?) for

the 28 sampling sites. Where a peak was not detected, a concentration of 0 was used to calculate
means. (green highlight= undeveloped/forest, orange highlight=agriculture, purple highlight=
urban/developed, unshaded=watershed outlet or mixed uses)

Group Site Mean F Mean CI- Mean NO; Mean POs*  Mean SO
(ppm) (ppm) (ppm as N) (ppm) (ppm)
RC C1 0.08£0.02 3.56+0.79 0.11+0.18 0.02+0.05 5.01+8.20
RC C2 0.07£0.01 3.52+0.36 0.08+0.05 0.01+0.03 1.77+0.67
RC Al 0.09+0.02 4.83+1.13 0.56+0.3 0.08+0.1 3.82+1.17
RC A2 0.09+£0.01 7.05+1.15 2.12+0.59  0.13+0.07 4.46+1.16
RC A3 0.09+0.01 5.66+1.06 0.74+1.16  0.05%0.07 3.69+0.69
RC Al 0.09+0.01 4.04+0.74 0.19+0.04 0.01+0.03 2.65+0.57
RC R1 0.11+0.07 4.09+1.26 0.26+x0.16  0.03+0.04 3.25+0.86
RC R2 0.09+0.02 3.88+1.26 0.13+0.11  0.04+0.06 3.83+1.25
RC D1 0.09+£0.02 4.88+3.19 0.32+0.23  0.06%0.07 4.88+1.71
RC D2 0.11+0.14 7.05+2.92 0.87+0.59 0.02+0.4 6.22+2.43
RC P1 0.09+0.27 3.28+1.74 0.07+0.06 0.003+0.01 4,23+2.27
MC Beaverdam 0.15+0.01 4.78+£0.48 0.05+0.03 <0.01 2.67+0.95
Creek
MC  BriarCreek 0.10+£0.01 6.78+£0.07 0.19+0.18 <0.01 5.85+1.42
MC Briar 0.29+0.02 15.5+3.8 0.46+0.3 0.23+0.15 16.8+£3.07
Tributary
MC Edward’s 0.09+0.01 5.27+0.36 0.31+0.11 0.11+0.05 4.56%0.79
Branch
MC  Little Hope 0.15+0.02 9.42+0.58 0.48+0.20  0.12+0.05 17.2+1.3
Creek
MC Little 0.18+£0.06 10.6+£0.23 0.64+0.71  0.10+0.11 6.83+6.27
Sugar
Creek
TC T1 0.16+0.04 12.2+0.9 0.25+0.10 <0.01 11.6+0.7
TC T2 0.10+0.01  9.40+0.63  0.32+0.11 <0.01 7.38+0.83
TC T3 0.08+3.50 7.62+3.64 0.55+3.40 0.02+3.83 7.10+0.87
TC TD 1 0.09+0 10.1+0.4 0.35+0.15 0.02+0.05 10.0+0.6
TC TD 2 0.09+0 9.95+1.72 0.22+0.14  0.05+0.08 7.66+2.40
TC UD 1 0.68+0.10 19.3+3.9 0.51+0.14 0.03+0.05 24.2+11.6
TC ubD 2 0.30+0.07 14.6+3.7 0.10+0.04  0.02+0.04 12.0+9.7
TC uD 3 0.17£0.02 9.40+6.97  0.25+0.07 <0.01 4.82+1.45
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Group Site Mean F Mean CI- Mean NO; Mean POs*  Mean SO

(ppm) (ppm) (ppm as N) (ppm) (ppm)
TC UP1 0.21+0.14 34.4+158 0.41+0.39 0.02+0.04  14.3+10.0
TC uu 1 0.14+0.07 29.849.6  0.70+1.19  0.03+0.06 16.949.2
TC uu 2 0.11+0.01  23.5#3.0  0.27+0.07 <0.01 18.4+2.6

4.6 Correlation coefficients

From Table 8, pH, DIC concentration, §**C-DIC (%), alkalinity, DOC flux, DIC flux
Na*, K*, Mg?*, Ca?*, F, Cl-, and SO4* have strong positive correlations with percent impervious
cover. This means that as percent impervious cover increases, those parameters also increase.
DOC concentration and SUVA have weak negative correlations with percent impervious cover.
F/Cl ratio also has a weak negative correlation with percent impervious cover. NOz and PO,* are
not significantly correlated with percent impervious cover (correlation coefficient is close to 0).
Table 9: Correlation coefficient of multiple parameters versus percent impervious cover. Green

shading indicates there is an association between the two parameters and red shading indicates
there is no association.

Percent impervious cover Correlation coefficient

Versus:
DOC concentration (mg/L) -0.17
SUVA (L/mg*m) -0.15
pH 0.42
DIC concentration (mM) 0.62
33C-DIC (%o) 0.60
Alkalinity (meg/L) 0.71
DOC flux (kg C/halyr) 0.67
DIC flux (kg C/halyr) 0.72
Na* (ppm) 0.56
K* (ppm) 0.69
Mg?* (ppm) 0.68
Ca?" (ppm) 0.74
F (ppm) 0.61
Cl (ppm) 0.60
SO, (ppm) 0.71
NOs (ppm) 0.01
PO+ (ppm) 0.09
Fluoride/Chloride -0.13
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4.7 Percent forest cover

In addition to impervious cover, forest cover was used to better understand trends in the
data. DOC concentration, SUVA, DIC concentration, alkalinity, and §**C-DIC were plotted
against percent forest cover (Figure 50, Figure 51, Figure 52, Figure 53, and Figure 54). The
expectation is the opposite trend when percent impervious cover is used. Figure 50, DOC
concentration weakly increased with increased percent forest cover (correlation coefficient 0.2).
Figure 51, there is no obvious trend between percent forest cover and SUVA values. The
correlation coefficient is 0.06, suggesting that there is no significant correlation between the two.
Both DIC concentration and alkalinity concentration decreased with increased percent forest
cover (Figure 52 and Figure 53). Both have correlation coefficients of -0.6: DIC concentration
and alkalinity concentration have a strong negative relationship with percent forest cover. §*3C-
DIC also has a strong negative relationship with percent forest cover (correlation
coefficient -0.55). As percent forest cover increases, 33C-DIC becomes more negative (Figure

54).
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5. Discussion
5.1 Watershed-scale discharge

Watershed area, discharge, and amount of impervious cover are important components
when understanding concentrations fluxes. Figure 55 and Figure 56 express how estimated annual
baseflow (m®/year) is correlated with watershed area and percent impervious cover. From Figure
55, there was a strong positive relationship between log watershed area (hectares) and log
estimated annual baseflow (m?/year) (correlation coefficient 0.74). A linear regression was done
on the non-log values of watershed area and estimated annual baseflow. The linear regression
equation was:

y=(2E+06)x — (1E+08) (10)
R?=0.53

Watersheds with larger area generally had higher estimated annual baseflow. T1 (TC group) had
the largest watershed area of 1186 hectares and estimated annual baseflow of 4.0x10% m3®/year
(Table 5). UD 1 (TC group) has the smallest watershed area of 11 hectares and estimated annual
baseflow of 3.8x10* m3/year although not the smallest annual baseflow. D2 (RC group) has the
smallest estimated annual baseflow of 2.0x10° m®/year and a watershed area of 47 hectares.

In addition to watershed area, percent impervious cover can explain trends in discharge.
Higher percent impervious cover may be associated with discharge per hectare of watershed area
(correlation coefficient 0.61) (Figure 56). UP 1, UD 1, UD 2, and UD 3 had the four highest
baseflow per unit watershed area. Additionally, they have some of the highest percent
impervious covers. In this study, discharge measurements were taken during baseflow. Increased
storm runoff in urban areas does not explain this trend between impervious cover and discharge
per hectare of watershed area because storm events were not measured. “The urban watershed
continuum” (Kaushal and Belt, 2012) explains possible sources of increased discharge in urban
watersheds: leaking drinking water pipes often explain this increase in baseflow of urban
watersheds. In this study, watersheds with higher percent impervious cover exhibited higher

fluoride concentrations (Figure 44). Fluoride is added to drinking water and it can identify
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possible leaks from pipes. Using the information from Figures Figure 44 and Figure 56 we can
determine that leaky pipes might be increasing baseflow discharge within urban watersheds.
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Figure 55: Watershed area vs. estimated yearly baseflow in a log scale. Blue dots represent field

measurements of discharge and green triangles represent discharge measured by USGS gauges.
Note: discharge measurements were during baseflow.
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Note: discharge measurements were during baseflow.

5.2 Watershed-scale fluxes of DOC and DIC

In addition to concentrations of DOC and DIC, fluxes were calculated for all watersheds.
Fluxes generally explain the discharge per unit area. In this study, fluxes are normalized for
watershed area so that DOC and DIC flux can be compared across all watersheds. Table 10 lists

DOC and DIC baseflow flux for all sites.
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Table 10: Mean DOC and DIC baseflow fluxes (kg C/hectare/year) for all 28 watersheds

Group Site Watershed % Mean DOC Mean DIC
area Impervious baseflow flux baseflow flux
(hectares) cover (kg C /ha /year) (kg C /ha /year)
RC C1 88 0.5 2.1 5.2
RC c2 34 1.1 3.6 8.1
RC Al 202 2.1 0.9 5.8
RC A2 49 0.6 35 18.9
RC A3 60 34 1.3 2.4
RC A4 70 2.7 0.2 1.0
RC R1 623 4.2 1.8 9.2
RC R2 430 5.3 15 9.2
RC D1 145 14.1 3.3 17.2
RC D2 47 13.7 0.2 0.6
RC P1 127 1.45 1.9 3.9
MC Beaverdam 960 4.6 2.3 11.8
Creek
MC Briar Creek 1132 255 1.7 10.8
MC  Briar Tributary 235 14.6 0.9 7.0
MC Edward’s 199 31.8 0.4 3.2
Branch
MC Little Hope 546 33.3 1.3 10.1
Creek
MC Little Sugar 719 375 7.8 80.8
Creek
TC T1 1186 23.0 141 81.2
TC T2 739 18.3 9.9 79.8
TC T3 474 17.9 4.3 35.4
TC TD1 84 32.1 12.4 69.0
TC TD 2 63 21.8 2.3 21.7
TC UubD1 11 55.8 12.7 94.1
TC uD 2 12 51.3 154 104.5
TC ubD 3 15 37.7 12.8 75.8
TC UP 1 23 35.8 10.7 51.7
TC uul 17 22.7 134 77.0
TC uu2 15 34.8 35 24.3

Mean DOC baseflow flux is strongly positively correlated to mean DIC baseflow flux

(correlation coefficient 0.81). This strong correlation is mostly attributed to baseflow per unit area

of watershed (Figure 56). DIC and DOC concentrations, themselves, are not strongly correlated

(correlation coefficient 0.06). SUVA values for all sites were plotted against DOC baseflow flux
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and DIC baseflow flux (Figure 58 and Figure 59). SUVA is weakly correlated with both DOC

baseflow flux (correlation coefficient -0.09) and DIC baseflow flux (correlation

coefficient -0.06). Although the overall correlation is weak, the high DOC and DIC fluxes occur

at low SUVA values. The high DIC and DOC baseflow fluxes occur at higher percent impervious

cover. Low SUVA values also occur at high percent impervious cover. This trend supports our

hypotheses that lower SUVA values and greater fluxes will occur at more urbanized streams.
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5.3 DOC concentrations, DOC fluxes, and SUVA values: Response to urbanization and
comparison to other studies

5.3.1 Comparison of DOC concentrations and SUVA values to other urban stream systems in the
Piedmont region

DOC concentration (mg/L) had a weak negative relationship with percent impervious
cover in this study (correlation coefficient -0.17). Figure 11 and Figure 12 illustrate the DOC
concentration (mg/L) was primarily decreasing as percent impervious cover increases. Lu et al.
(2014) observed that DOC concentration was higher in forested-dominated watersheds than
cropland-dominated and urban development-dominated watersheds. This likely occurred because
DOC is no longer derived from terrestrial plants in urban watersheds.

As with DOC concentrations, SUVA was weakly negatively correlated with percent
impervious cover (correlation coefficient -0.15). While the negative correlation between SUVA
and impervious cover is weak, Figure 14 shows that the highest SUVA values occurred in non-
urban streams, consistent with previous observations from small forested watersheds.
Aitkenhead-Peterson et al. (2009) stated that most DOC in forested streams is dominated by
allochthonous inputs represented by high SUVA values. Imberger et al. (2014) determined that
urbanized streams increase algae contributions which thus increases labile DOC represented by
lower SUVA values. Parr et al. (2015) studied over 100 headwater streams along an urbanization
gradient and found that more urbanized streams had more autochthonous dissolved organic
matter. There was a distinct shift from allochthonous DOM to autochthonous DOM along the
urbanization gradient. In this study, however, our data were weakly consistent with this shift in
allochthonous to autochthonous DOM trend from prior literature. Hagen et al. (2010) stated that
agricultural streams can have allochthonous inputs of DOC due to high sediment loads. This
study did have some of the highest SUVA values occurring at the agricultural stream A2 in Reedy
Creek. Increased sediment loads and subsequent limited algal growth may explain the high

SUVA values in the agriculture streams.
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5.3.1.1 Temporal variation of DOC concentrations compared to other studies

DOC concentrations of the RC group showed temporal variation. From Figure 15, high
DOC concentrations occurred in the late summer to early fall of 2016 and in October 2017. The
peaks that occurred in August were found at the sites draining agricultural land (A3, A4, D2).
Molinero and Burke (2009) found that pasture watersheds had higher DOC concentrations than
forest watersheds. Additionally, their DOC maximums also occurred in the autumn months. This
is a result of leaf fall and leaf litter inputs (allochthonous) into the stream. Leaves enter the stream
as POC and as they move downstream, they are decomposed and dissolved into DOC (Molinero
and Burke, 2009).
5.3.2 Urbanization as a controlling variable on DOC fluxes and reactivity in streams of the study

In contrast to DOC concentration which slightly decreased as impervious cover
increased, mean DOC flux increased as percent impervious cover increased (Figure 60). DOC
flux has a strong positive correlation with percent impervious cover (correlation coefficient 0.65).
Similarly, Sickman et al. (2007) found a positive relationship between total organic carbon (DOC
+ POC) flux and percent urbanization. Sickman et al. (2007) further explained that TOC yields
increased in urbanized areas due to sewage inputs. From “the urban watershed continuum
(Kaushal and Belt, 2012),” urban systems have large fluxes of organic carbon. This is due to
storm drain networks such as gutters and pipes that store large amounts of leaf litter. Large storm
events can flush out the leaves and runoff into streams. Additionally, organic carbon fluxes
increase in urban watersheds due to the inputs from algal and sewage sources (Kaushal and Belt,
2012).

Mean DOC baseflow flux increased with increasing percent impervious cover, however,
the largest DOC fluxes do not occur with the highest percent impervious cover (Figure 60).
UD 2, T1 and UU 1 (TC group) have the highest DOC baseflow fluxes of all 28 sites (15.4, 14.1,
and 13.4 kg C/halyr, respectively). Their impervious cover ranged from 22.7% to 51.3 %.

Additionally, the lowest DOC baseflow fluxes did not occur with the lowest percent impervious
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cover. Edward’s (MC group), D2, and A4 had the lowest mean DOC fluxes: 0.35, 0.19, and 0.15
kg C/halyr. Their impervious cover ranged from 2.72% (A4) to 13.7% (D2) to 31.8% (Edward’s).
A main contributor to flux is discharge. Mean DOC baseflow flux was moderately positively
correlated with discharge (correlation coefficient 0.36). This means that study watersheds with
lower discharge likely have lower DOC fluxes. Watersheds D2 and A4 had the lowest annual
baseflow (m3/year) out of all watersheds: 2.0x10° m*/year and 4.7x10% m3/year, respectively.
Additionally, T1 had the largest annual baseflow (4.1x10° m®/year) and one of the highest DOC
fluxes. DOC baseflow flux and watershed area are not correlated (correlation coefficient -0.02).
Focusing on correlation coefficients, DOC baseflow flux is associated with impervious cover.
Extra sources of DOC in urban areas contributes to the larger fluxes in urban watersheds.
Comparing Figure 56 and Figure 60, there are distinct similarities. Both of these figures suggest
that the differences in DOC baseflow flux might be driven by differences in discharge per unit
watershed area, not solely DOC concentrations. Additionally, mean DOC flux is strongly

positively correlated with discharge per unit watershed area (correlation coefficient 0.95).
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Figure 60: Percent impervious cover vs. mean baseflow DOC flux for all 28 watersheds
5.4 DIC, alkalinity, and 8*C-DIC
5.4.1 Comparison of DIC, alkalinity, and §*3C-DIC to other urban stream studies

Both DIC concentration and alkalinity concentration increased as percent impervious
cover increased in this study (Figure 24 and Figure 26). Similarly, Lu et al. (2014) found that DIC
concentrations and bicarbonate (HCOg3") were higher in urban-dominated watersheds compared to
forested-dominated, pasture-dominated, and cropland-dominated watersheds. This increase in
DIC (mM) was due to carbonate weathering. It should be noted that Lu et al. (2014) was studied
on carbonate sedimentary rock geology, whereas this study is on non-carbonate crystalline
silicate rocks. Forested watersheds are more likely to have developed soil layers (O horizon)
which protects carbonates from weathering, thus the lower DIC concentrations. Like this study,
Moore et al. (2017) studied watersheds on an urbanization gradient in the Maryland Piedmont.
Moore et al. (2017) found that alkalinity and DIC increased as percent impervious surface cover

increased, attributed to the weathering of silicate minerals/concrete. Likewise, in a study done by
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Barnes and Raymond (2009), DIC concentrations were found to be 4.7 times higher in urban
streams than forested streams. Additionally, agricultural streams had DIC concentrations 3.3
times greater than forested streams. Tippler et al. (2014) found that HCO3" concentrations were 18
times higher in urban streams compared to nonurban reference streams. In the Eastern U.S.,
Kaushal et al. (2013) studied long term trends in alkalinity of 97 streams. They found that
alkalinity was 5-6 times greater in agricultural streams than forested streams due to the
application of lime. They also determined that the increase in alkalinity in urban areas was due to
impervious surfaces and concrete. Additionally, in Baltimore, Maryland, Kaushal et al. (2017)
determined that DIC concentrations increased with percent impervious surface cover. Kaushal et
al. (2017) suggested that this increase in DIC and alkalinity concentrations resulted from liming
of lawns and carbonate weathering of concrete.

In most related studies, concrete (carbonate) weathering is the major source of DIC and
alkalinity concentrations in urban watersheds (Kaushal et al. 2013, Peters 2014, Tipper et al.
2014, Kaushal et al. 2017, and Moore et al. 2017). In urban watersheds, these terrestrial inputs of
DIC seem to overwhelm instream metabolism.

In this study, 8**C-DIC values were lower (more negative) with low percent impervious
cover and higher (more positive) with high percent impervious cover (Figure 36). **C-DIC
values had a strong positive correlation with percent impervious cover (correlation
coefficient=0.60) (Table 9). From Lu et al. (2014), §*C-DIC values were higher (more positive)
in cropland, urban, and pasture watersheds than forested. Higher 5*C-DIC values were due to
greater contributions of DIC (bicarbonate) from carbonate mineral weathering or C4 vegetation
(Lu et al. 2014). However, Lu et al. (2014) was in a carbonate rock geology unlike this study
area. Contrasting with this study’s results, Barnes and Raymond (2009) found 62*C-DIC values
more enriched (more positive) in forested watersheds than agricultural and urban watersheds.
Forested watersheds averaged -10.4%o, while agricultural and urban watersheds averaged -13.2%o

and -14.7%o, respectively. Barnes and Raymond (2009) determined that the forested streams were
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most enriched, as a result of photosynthesis and atmospheric invasion. Lower DIC concentrations
in undeveloped watersheds causes the atmospheric effect to be comparatively larger. The
agricultural and urban streams’ depleted 3*3C-DIC values and high DIC concentrations were due
to increased chemical weathering (land use disturbance i.e. construction) and CO, production
(septic systems increase CO; loading).

813C-DIC values were enriched (more positive) in streams with high percent impervious
cover (Figure 36). Urban streams, compared to forested, are more likely to have instream primary
production (Imberger et al. 2014, Parr et al. 2015). In urban areas, natural vegetation is removed
and this can decrease allochthonous (or terrestrial sourced) inputs. Additionally, increased light
and nutrients in urban areas can increase autochthonous input (Parr et al. 2015). In situ primary
production will uptake CO, resulting in streams having a more “atmospheric” **C-DIC
signature. Atmospheric CO; has a §*3C-DIC value of -7%. (Clark and Fritz, 1997). This might
explain why this study’s urban streams have more positive §*3C-DIC values than the forested
streams.

d13C-DIC expressed seasonal trends at Reedy Creek. Enriched values (more positive)
were found in the spring of 2017 and more negative values were found in summer 2016 and 2017
(Figure 37). The enriched 5'*C-DIC values corresponded with lower DIC concentrations in spring
2017 (Figure 29). Photosynthesis and atmospheric CO; have a greater effect on 3**C-DIC since
the DIC concentrations are smaller, thus producing the more positive 6*3C-DIC values (Barnes
and Raymond, 2009). Additionally, soil temperatures are colder in spring months, compared to
summer, which results in less soil respiration. Soil respiration shifts 3*3C-DIC values to be more
negative, so this lack of soil respiration could push §*C-DIC values to be more positive in spring
2017.
5.4.2 Role of urban land cover controlling, DIC, alkalinity, and *C-DIC fluxes

DIC baseflow flux has a strong positive relationship with percent impervious cover

(correlation coefficient 0.73) (Figure 61). Barnes and Raymond (2009) found similar trends: DIC
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yield (mol*m?/year) was 7.8 times greater in urban watersheds than forested watersheds. In their
study, the percent of watershed in urban land use was positively correlated with DIC yield
(R?=0.546). This was a result of increased carbonate mineral weathering in urban areas,
wastewater effluent, and the application of lime. Additionally, site differences between DIC flux
are due to differences in discharge per unit area watershed (Figure 56). Mean DIC flux is strongly

correlated with discharge per unit area watershed (correlation coefficient 0.98).
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Figure 61: Percent impervious cover vs. Mean DIC baseflow flux (kg C/ha/year) for all 28
watersheds
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5.5 Cations and anions
5.5.1 Comparison of cations and anions to other urban stream studies

All measured cation concentrations for this study (Na*, K*, Mg?*, and Ca?*) had strong
positive correlations with percent impervious cover (correlation coefficient >0.5) (Figure 40,
Figure 41, Figure 42, Figure 43 and Table 9: Correlation coefficient of multiple parameters versus
percent impervious cover. Green shading indicates there is an association between the two parameters and
red shading indicates there is no association. F-, Cl-, and SO4* were strongly positively correlated
with percent impervious cover. POs*> and NOs™ were not correlated with percent impervious cover
(Table 9). Moore et al. (2017) studied sources of major ion concentrations in urban watersheds in
the Maryland Piedmont. They found that Mg?*, K*, Ca?*, Na*, Cl, and SO,* increased with
increased percent impervious surface cover. Moore et al. (2017) determined that the increase in
calcium was likely due to concrete weathering. High chloride concentrations were attributed to
road salts and concrete weathering. High sulfate concentrations were also due to concrete
weathering and building materials (i.e. drywall). Concrete and drywall are composed of gypsum
(CaS04*2H,0), which dissolves during weathering, and thus sulfate concentrations increase
(Moore et al. 2017). Kaushal et al. (2017) also found that Mg?*, Ca?*, and Na* increased with
increased percent impervious cover as a result of carbonate weathering (concrete). Kaushal et al.
(2017) concluded that road salts, liming of grasses, and sewage leaks were additional sources of
cations. Magnesium occurs naturally in sediments and in minerals such as dolomite. Magnesium
is also found in fertilizers and lime applications. The increase use of fertilizers and limes in urban
areas may explain this increase of Mg?* with higher percent impervious cover (Figure 42).
Potassium is also found in fertilizers, which can explain the increase of K* with increased percent
impervious cover (Figure 41). Additionally, plants and algae utilize K* in photosynthesis, which
increases the concentration of K* in their tissues (Tripler et al. 2006 and Talling 2012). Higher
primary production in urban streams due to decreased canopy cover could also explain the higher

K* concentrations.
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Although there were many nondetectable levels of PO.>in this study, PO.* slightly
increased as percent impervious cover increased, if nondetectable values are treated as 0 (Figure
47). PO4* can occur in the organic matter found in sewage waste (USGS, 2018). Waste water
treatment plants exist in urban areas and their effluent contributes large amounts of PO, into
streams. Urban fertilizer use is also a source of phosphate. Additionally, PO,* occurs in soils,
and soil erosion contributes phosphate into the stream. Urban streams are characterized by high
storm runoff which deposits phosphate (from fertilizers and soils) into the streams. Fluoride (F)
concentrations increased with increasing percent impervious cover (Figure 44). There was a
strong positive correlation between the two. In U.S. public water supplies, fluoride is added as a
prevention of tooth decay. Leaks from wastewater and drinking water pipes in urban areas can
explain why F concentrations are higher in urban streams, compared to forested (Hibbs and
Sharp, 2012; Kaushal and Belt, 2012). Leaky pipes from city tap water is most likely the cause of
increased Fconcentrations in the urban watersheds.

Nitrate (NO3") does not have a strong correlation with percent impervious cover,
however, two streams from this study exhibited high nitrate concentrations (Figure 46). A2 and
A3 had the highest nitrate concentrations. A2 and A3 watersheds are characterized by agriculture
land uses (Figure 5). Agriculture lands use high amounts of nitrogen fertilizer
(ammonia/ammonium NHs/NH4*) to fertilize crops. Through nitrification, aerobic bacteria use
oxygen and convert nitrogen gas to nitrite (NO;) and then nitrate (NO3’). Excessive use of N
fertilizers causes high amounts of nitrate in the soil. High NOs"in soils can be leached and further
accumulate in water (Quan et al. 2016). Additionally, phosphate (PO4*) can be sourced from
agricultural fertilizers. After application, a large proportion of phosphate runs off into waterways.
Figure 47 indicates that the watersheds draining agriculture land uses had higher phosphate

concentrations than urban land uses.
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5.6 Percent forest cover

Percent forest cover was used in comparison to percent impervious cover for DOC
concentration, SUVA values, DIC concentration, alkalinity concentration and §**C-DIC (Figure
50-Figure 54). The opposite trends occur for DIC concentration, alkalinity concentration, and
d13C-DIC when percent forest cover is on the x-axis compared to percent impervious cover. Sites
with higher forest cover have lower DIC concentrations, alkalinity concentrations, and more
negative 5°C-DIC values. Percent forest cover was used mainly to determine if there are any
trends in SUVA values. There was a weak negative relationship between SUVA values and
percent impervious cover so it was determined that there might be a slight positive relationship
between SUVA values and percent forest cover. However, there was no relationship between
SUVA values and percent forest cover (correlation coefficient 0.06).
5.7 Hypotheses testing

The main hypotheses of this study were that watersheds with higher percent impervious
area would have: 1) lower SUVA values, 2) higher DIC concentrations, 3) higher alkalinity
values (Figure 8). To test these hypotheses, SUVA values from this study were plotted against
DIC concentration (Figure 62) and alkalinity (Figure 63). From these two figures, it appears that
there are distinct differences in DIC and alkalinity concentrations among land uses, but SUVA
values are not as distinct. There are weak negative correlations between DIC concentration and
SUVA (correlation coefficient -0.19) and between alkalinity and SUVA (correlation
coefficient -0.15). To further test these relationships, critical values for Pearson’s Correlation
Coefficient were calculated (Siegle, D., 2009). The critical values for both alkalinity
concentration versus SUVA values and DIC concentration versus SUVA values was 0.195. At a
significance level of 0.05, there is not a statistically significant relationship between alkalinity
concentrations and SUVA values. However, DIC concentration versus SUVA values is at the
boundary of significance, meaning that there is a statistically significant difference between DIC

concentrations and SUVA values. Overall, this study supported our hypotheses that watersheds
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with higher percent impervious cover will have higher DIC and alkalinity concentrations.

However, our hypothesis of lower SUVA values at higher percent impervious cover was not

supported.
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Figure 62: DIC concentration (mM) vs. SUVA (L/mg*m) for all sites June 2017-October 2017.
Correlation coefficient -0.19. Green represent low percent impervious cover (0.49-5.33%). Blue
represent intermediate percent impervious cover (13.7-23.0%). Orange represent high percent
impervious cover (25.5-55.8%).
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Figure 63: Alkalinity (meg/L) vs. SUVA (L/mg*m) for all sites June 2017-October 2017.
Correlation coefficient -0.15. Green represent low percent impervious cover (0.49-5.33%). Blue
represent intermediate percent impervious cover (13.7-23.0%). Orange represent high percent
impervious cover (25.5-55.8%).
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6. Conclusions

The goal of this study was to determine the potential alterations to carbon processes in
streams across varying land uses. Streams with land uses ranging from pre-restoration forested to
urbanized were examined; 28 streams in total. Our results suggested that there are distinct shifts
of dissolved inorganic carbon, alkalinity, major cations, and major anions (F-, Cl-, and
S04%) from forested watersheds to urban watersheds. There were significant relationships
between DIC concentration, alkalinity, 5'3C-DIC, Na*, K*, Mg?*, Ca®*, F", CI-, and SO4> with
increased percent impervious cover. These strong positive correlations were attributed to the
increased chemical weathering of concrete materials. However, there was not significant
relationships between DOC concentration and SUVA values with percent impervious cover. DOC
concentrations tend to overlap across land uses. Although SUVA values did not have a significant
relationship with percent impervious cover, high SUVA values were found in more forested
streams. Our results suggest that the increase in inorganic carbon and major cations and anions
can be attributed to increased impervious surfaces in headwaters of the Southeastern Piedmont.
Future studies might consider including forested watersheds that are not planned for restoration.
A greater urbanization gradient would also be beneficial in measuring how SUVA values change.

Understanding how urbanization effects headwater and low-order streams is important
for the global carbon cycle. Urban areas have increased chemical weathering which has increased
bicarbonate/alkalinity concentrations in waters. Urban areas also increase the input from
autochthonous sources compared to allochthonous sources. This study is important in
understanding the changes in carbon processes in forested to urban watersheds in the
Southeastern Piedmont (United States). Urban areas will continue to grow and it is important to

examine all watersheds to determine impacts on the carbon cycle.
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APPENDIX A: Data table of all parameters for the MC and TC groups

Date
Site
DOC (mg/L)
SUVA (L/ mg*m)
pH
Alkalinity (meq/L)
DIC (mM)
513C-DIC (%»)
Sodium (ppm)
Potassium (ppm)
Magnesium (ppm)
Calcium (ppm)
Fluoride (ppm)
Chloride (ppm)
NOsz as N (ppm)
PO.* (ppm)
S04 (ppm)

6/29/2017 | Beaverdam 3.73 [ 439 | 7.75 | 1.30 | 1.47 | -151 | 554 | 345 | 539 | 152 | 0.14 | 482 | 0.08 | 0.00 | 4.07

8/4/2017 | Beaverdam 443 | 325 | 7.05 | 1.89 | 249 | -164 | 565 | 3.38 | 6.99 | 19.1 | 0.15 | 546 | 0.03 | 0.00 | 2.03

8/30/2017 | Beaverdam 449 | 214 | 7.02 | 193 | 279 | -165 | 531 | 341 | 7.03 | 195 | 0.15 | 444 | 0.04 | 0.00 | 2.13

9/26/2017 | Beaverdam 730 | 412 | 7.36 | 1.50 | 1.74 | -153 | 5.07 | 3.25 | 5.66 | 154 | 0.15 | 443 | 0.03 | 0.00 | 2.47

6/29/2017 | Briar Creek 269 | 387 | 771 | 1.26 | 1.37 | -13.1 | 9.11 | 2.20 | 453 | 16.6 | 0.10 | 6.80 | 0.45 | 0.00 | 5.20

8/4/2017 | Briar Creek 222 | 432 | 728 | 149 | 161 | -12.6 | 948 | 240 | 500 | 185 | 0.11 | 6.85 | 0.11 | 0.00 | 5.65

8/30/2017 | Briar Creek 212 [ 364 | 768 | 1.74 | 194 | -13.7 | 993 | 3.13 | 562 | 235 | 0.10 | 6.78 | 0.15 | 0.00 | 7.89

9/26/2017 | Briar Creek 491 | 271 | 751 | 1.30 | 149 | -133 | 829 | 2.83 | 438 | 163 | 011 | 6.67 | 0.07 | 0.00 | 4.65

6/29/2017 Briar Trib 241 [ 331 | 765 | 191 | 1.90 | -13.1 | 124 | 341 | 857 | 26.7 | 0.26 | 159 | 048 | 0.07 | 17.3

8/4/2017 Briar Trib 275 [ 350 | 786 | 157 | 169 | -12.7 | 114 | 467 | 747 | 247 | 028 | 135 | 0.90 | 043 | 205

8/30/2017 Briar Trib 259 [ 382 | 743 | 156 | 1.64 | -129 | 9.13 | 3.75 | 7.20 | 239 | 0.31 | 119 | 0.33 | 0.25 | 16.2

9/26/2017 Briar Trib 399 | 246 | 7.77 | 214 | 1.76 | -144 | 154 | 386 | 7.13 | 233 | 0.29 | 206 | 0.11 | 0.19 | 131

6/29/2017 Edward’s 119 | 570 | 761 | 1.16 | 1.36 | -15.7 | 825 | 1.49 | 475 | 151 | 0.11 | 564 | 0.45 | 0.04 | 5.71

8/4/2017 Edward’s 165 | 315 | 7.74 | 117 | 131 | -147 | 826 | 1.33 | 440 | 134 | 0.08 | 492 | 0.29 | 0.13 | 4.20

8/30/2017 Edward’s 157 | 3.64 | 758 | 1.15 | 1.27 | -145 | 840 | 157 | 422 | 133 | 0.08 | 553 | 0.29 | 0.10 | 4.40

9/26/2017 Edward’s 255 | 283 | 766 | 1.14 | 1.37 | -155 | 8.34 | 1.85 | 445 | 139 | 0.08 | 5.00 | 0.19 | 0.15 | 3.94

6/29/2017 | Little Hope 1.89 | 359 | 760 | 1.28 | 1.46 | -143 | 9.34 | 246 | 568 | 20.8 | 0.13 | 857 | 0.66 | 0.07 | 16.0

8/4/2017 | Little Hope 203 [ 291 | 772 | 119 | 1.38 | -14.0 | 9.26 | 2.78 | 524 | 199 | 0.15 | 9.66 | 0.52 | 0.10 | 16.1

8/30/2017 | Little Hope 2.09 [ 377 | 765 | 1.18 | 1.34 | -136 | 9.79 | 3.21 | 546 | 204 | 0.16 | 9.58 | 0.54 | 0.18 | 183

9/26/2017 | Little Hope 3.07 [ 319 | 760 | 1.28 | 152 | -15.1 | 9.28 | 353 | 572 | 21.2 | 0.17 | 9.89 | 0.18 | 0.11 | 183

6/29/2017 | Little Sugar 2.08 | 327 | 7.84 | 169 | 1.83 | -13.2 | 10.3 | 254 | 6.87 | 258 | 0.12 | 10.8 | 0.33 | 0.25 | 16.2

8/4/2017 | Little Sugar 229 [ 293 [ 879 [ 166 | 1.75 | -13.1 | 999 | 332 | 7.12 | 255 | 0.19 | 105 | 045 | 0.06 | 3.63

8/30/2017 | Little Sugar 181 | 342 | 828 | 144 | 158 | -131 | 924 | 2.74 | 6.63 | 229 | 0.26 | 104 | 1.69 | 0.11 | 424

9/26/2017 | Little Sugar 6.60 813 [ 192 | 197 | -12.7 | 106 | 2.82 | 836 | 27.3 | 0.17 | 109 | 0.09 | 0.00 | 3.24
7/27/2017 T1 274 | 325 | 7.84 | 1.86 | 2.05 | -13.6 | 109 | 2.82 | 854 | 22.7 | 0.13 | 114 | 0.34 | 0.00 | 11.8
9/6/2017 Tl 319 [ 307 | 769 | 156 | 1.77 | -13.2 | 9.95 | 3.05 | 8.01 | 21.3 | 0.14 | 119 | 0.27 | 0.00 | 10.8
9/27/2017 Tl 375 [ 272 | 7.77 | 190 | 2.20 | -13.4 | 122 | 3.67 | 933 | 244 | 020 | 13.1 | 0.15 | 0.00 | 12.2
6/28/2017 T2 7.67 | 1.75 | 1.94 | -13.7 | 9.90 | 2.33 | 8.26 | 20.2 | 0.09 | 9.71 | 043 | 0.00 | 7.79
712712017 T2 2.84 | 444 | 754 | 154 | 1.75 | -133 | 108 | 2.80 | 6.58 | 17.6 | 0.10 | 9.82 | 0.22 | 0.00 | 6.43
9/5/2017 T2 210 | 343 | 7.78 | 152 | 1.77 | -14.0 | 9.05 | 2.60 | 7.54 | 19.3 | 0.09 | 8.68 | 0.29 | 0.00 | 7.93
9/27/2017 T2 434 | 150 | 7.86 | 200 | 230 | -14.2 | 115 | 3.11 | 945 | 234
6/28/2017 T3 157 | 350 | 7.77 | 158 | 1.77 | -13.7 | 869 | 2.09 | 751 | 183 | 0.08 | 7.48 | 0.95 | 0.00 | 7.38
7/27/2017 T3 219 | 365 | 763 | 1.69 | 1.70 | -13.8 | 897 | 240 | 723 | 17.7 | 0.09 | 7.62 | 0.74 | 0.06 | 8.20
9/5/2017 T3 226 | 337 | 762 | 1.30 | 159 | -14.0 | 7.67 | 269 | 655 | 165 | 0.08 | 6.94 | 0.47 | 0.00 | 6.35
9/27/2017 T3 | 10.05 | 1.31 | 767 | 213 | 1.98 | -15.0 | 894 | 3.36 | 793 | 194 | 0.08 | 8.46 | 0.05 | 0.00 | 6.47
6/28/2017 D1 2.68 | 3.80 | 788 | 1.60 | 1.83 | -139 | 10.2 | 2.72 | 7.31 | 208 | 0.08 | 10.1 | 0.46 | 0.00 | 10.3
7/27/2017 D1 248 | 366 | 792 | 158 | 1.89 | -14.0 | 10.0 | 254 | 8.14 | 20.3 | 0.10 | 9.90 | 0.42 | 0.00 | 9.09
9/5/2017 D1 200 | 376 | 7.71 | 156 | 1.97 | -13.6 | 105 | 294 | 737 | 21.1 | 0.09 | 9.76 | 0.39 | 0.09 | 10.3
9/27/2017 D1 257 [ 339 | 778 | 201 | 227 | -139 | 12.2 | 3.09 | 836 | 232 | 0.09 | 106 | 0.12 | 0.00 | 10.4
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6/28/2017 TD2 743 | 216 | 190 | -140 | 111 | 299 | 7.26 | 194
7/27/2017 TD 2 234 | 397 | 752 | 1.72 | 210 | -13.8 | 11.1 | 324 | 7.63 | 22.1 | 0.10 | 105 | 0.37 | 0.14 | 104
9/5/2017 TD2 228 | 534 | 755 | 124 | 155 | -13.2 | 864 | 254 | 589 | 158 | 0.09 | 8.03 | 0.20 | 0.00 | 6.08
9/27/2017 TD 2 524 | 216 | 7.34 | 1.74 | 206 | -13.6 | 119 | 3.05 | 7.58 | 19.7 | 0.10 | 11.3 | 0.10 | 0.00 | 6.47
6/30/2017 uD1 242 | 198 | 792 | 2.08 | 2.08 | -13.2 | 16.9 | 406 | 9.30 | 284 | 0.65 | 16.2 | 0.63 | 0.00 | 26.8
712712017 uD1 254 | 295 | 826 | 210 | 221 | -125 | 182 | 497 | 105 | 352 | 0.80 | 249 | 057 | 0.09 | 32.9
9/5/2017 uD1 453 | 1.35 | 781 | 203 | 228 | -12.2 | 18.0 | 487 | 990 | 30.7 | 0.69 | 188 | 0.32 | 0.00 | 29.8
10/2/2017 uD1 364 | 171 | 7.34 | 250 | 254 | -128 | 182 | 447 | 11.7 | 331 | 057 | 175 | 050 | 0.04 | 7.24
6/30/2017 uD2 396 | 303 | 759 | 209 | 2.06 | -154 | 144 | 392 | 890 | 315 | 0.27 | 148 | 0.13 | 0.00 | 22.9
7/27/2017 ubD2 412 | 267 | 7.77 | 312 | 284 | -145 | 153 | 542 | 111 | 37.8 | 0.38 | 18.1 | 0.10 | 0.07 | 4.44
9/5/2017 uD2 358 | 308 | 746 | 1.39 | 1.73 | -152 | 844 | 3.79 | 659 | 247 | 0.25 | 10.8 | 0.07 | 0.00 | 8.71
6/30/2017 uD3 4.65 | 3.68 | 7.14 | 060 | 0.67 | -11.8 | 3.99 | 2.77 | 3.11 | 833 | 0.16 | 424 | 0.23 | 0.00 | 4.32
712712017 uUD3 325 | 740 | 713 | 181 | 2.01 | -11.2 | 934 | 290 | 791 | 183 | 0.20 | 775 | 0.29 | 0.00 | 4.27
9/5/2017 uUD3 4.08 | 405 | 7.41 | 1.03 | 1.07 -74 | 759 | 271 | 533 | 11.9 | 0.17 | 598 | 0.16 | 0.00 | 6.96
10/2/2017 uD3 3.10 7.04 | 376 | 3.76 | -125 | 235 | 358 | 168 | 379 | 0.16 | 196 | 0.31 | 0.00 | 3.74
6/30/2017 UP1 443 | 271 | 7.68 | 1.23 | 096 | -11.9 | 115 | 230 | 563 | 13.6 | 0.08 | 16.2 | 0.12 | 0.00 | 8.04
7/27/2017 UP1 323 | 335 | 833|214 | 192 | -114 | 229 | 354 | 161 | 354 | 0.20 | 51.9 | 0.78 | 0.00 | 24.7
9/5/2017 UP1 412 | 262 | 769 | 1.76 | 1.72 | -11.4 | 170 | 3.20 | 138 | 30.9 | 0.14 | 421 | 0.71 | 0.08 | 20.8
10/2/2017 UP1 343 | 216 | 765 | 133 | 1.39 | -124 | 12.7 | 2.72 | 9.87 | 23.0 | 040 | 274 | 0.02 | 0.00 | 3.61
6/30/2017 uu1l 6.21 | 393 | 743 | 1.30 | 143 | -126 | 12.0 | 6.48 | 9.29 | 258 | 025 | 214 | 249 | 0.13 | 21.3
7/27/2017 Uul 232 | 319 | 7.78 | 247 | 228 | -11.8 | 222 | 252 | 157 | 331 | 0.11 | 357 | 0.20 | 0.00 | 26.4
9/5/2017 Uu1l 332 | 238 | 758 | 152 | 156 | -12.7 | 155 | 212 | 972 | 21.1 | 0.10 | 22.1 | 0.10 | 0.00 | 14.9
10/2/2017 Uul 287 | 247 | 763 | 243 | 241 | -123 | 22.0 | 267 | 164 | 344 | 0.11 | 40.2 | 0.02 | 0.00 | 5.04
6/28/2017 uu2 200 | 3.09 | 800 | 1.76 | 1.73 | -126 | 17.3 | 3.10 | 11.0 | 26.6 | 0.11 | 247 | 0.34 | 0.00 | 20.4
712712017 uu2 280 | 293 | 7.77 | 164 | 167 | -128 | 16.9 | 349 | 10.1 | 254 | 0.12 | 25.8 | 0.20 | 0.00 | 195
9/5/2017 uu2 331 | 229 | 767 | 136 | 142 | -12.7 | 131 | 3.21 | 832 | 209 | 0.10 | 20.1 | 0.25 | 0.00 | 154
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APPENDIX B: Data table of all parameters for RC group
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5/31/2016 Al 2.51 3.75 1.04 1.05 | -14.0 9.53 137 | 455 122 | 0.09 | 6.14 | 099 | 0.10 | 3.44
6/1/2016 Al | 394 097 | 103 | -159 | 932 | 127 | 452 | 119
6/2/2016 Al 113 [ 1.02 | -147 | 936 | 126 | 423 | 114
6/6/2016 Al 1.10 | -15.0 9.04 143 | 443 11.8
6/7/2016 Al 0.97 1.00 | -15.8
6/9/2016 Al 0.82 1.05 | -154 9.56 1.25 | 4.49 12.1 | 0.08 | 6.09 1.02 | 0.10 | 3.23
6/14/2016 Al 0.67 9.60 1.22 | 4.60 12.5
6/16/2016 Al 0.95 1.07 -15.5 9.31 1.40 | 455 126 | 0.08 | 7.18 | 0.86 | 0.10 | 3.00
6/17/2016 Al 1.07 1.26 | -15.4 0.11 | 7.13 | 0.90 | 0.11 | 3.01
6/20/2016 Al 099 | 110 | -15.0 | 9.64 | 124 | 447 | 122 | 0.08 | 574 | 0.99 | 0.09 | 3.00
6/21/2016 Al 16.2 1.16 | -15.5 9.58 124 | 450 125
6/27/2016 Al 1.03 10.1 | 1.24 | 454 | 126 | 0.08 | 6.21 | 093 | 0.08 | 2.97
6/28/2016 Al 1.07 9.60 | 1.31 | 438 | 12.2
6/30/2016 Al 0.94 838 | 150 | 402 | 11.0 | 0.10 | 460 | 0.75 | 0.00 | 3.01
7/5/2016 Al 1.17 -15.5 0.11 | 5.11 | 0.84 | 0.09 | 2.84
7/6/2016 Al 9.71 131 | 443 125 | 012 | 475 | 0.82 | 0.12 | 2.75
7/21/2016 Al 16.2 2.08 1.30 | -15.5 0.12 | 5.31 | 0.77 | 0.10 | 2.94
7/28/2016 Al | 246 | 553 | 756 | 1.12 | 1.31 | -159 | 106 | 1.28 | 453 | 507 | 0.18 | 511 | 0.64 | 0.00 | 2.89
8/4/2016 Al [ 295 | 129 | 7.44 1.16 | -16.3 0.12 | 458 | 0.53 | 0.00 | 2.97
8/9/2016 Al | 3.68 0.12 | 488 | 0.55 | 0.12 | 3.65
8/16/2016 Al | 155 0.12 | 521 | 0.69 | 0.14 | 2.99
9/7/2016 Al | 2.04 761 | 126 | 1.39 | -13.6 | 9.62 | 157 | 451 | 128 | 0.11 | 3.76 | 0.30 | 0.16 | 257
9/13/2016 Al | 250 7.20 0.12 | 410 | 0.00 | 0.00 | 2.58
9/20/2016 Al | 2.34 | 3.08 111 | 315 | 471 | 136
9/28/2016 Al 842 | 249 | 387 | 106 | 0.12 | 476 | 0.38 | 0.00 | 531
9/28/2016 Al | 381 842 | 249 | 387 | 106 | 0.13 | 410 [ 0.04 | 0.09 | 249
10/4/2016 Al | 297 | 2.76 936 | 1.87 | 416 | 12.6
10/12/2016 | Al | 3.09 | 3.11 0.69 971 | 293 | 415 | 11.2 | 0.10 | 6.46 | 0.93 | 0.00 | 6.39
10/18/2016 | Al 2.35 0.98 9.66 | 2.16 | 4.51 122 | 011 | 6.11 | 0.61 | 0.14 | 4.42
10/25/2016 | Al 2.00 | 3.66 1.04 126 | -14.4 9.86 194 | 4.82 13.1 | 0.11 | 576 | 055 | 0.12 | 3.67
11/1/2016 Al | 2.09 1.08 102 | 197 | 488 | 134 | 0.11 | 570 | 0.35 | 0.09 | 3.28
11/8/2016 Al | 1.87 111 101 | 1.81 | 492 | 135 | 0.11 | 565 | 0.48 | 0.00 | 3.28
11/14/2016 | A1 | 168 | 3.34 | 759 | 1.10 | 1.27 | -126 | 993 | 166 | 479 | 13.2 | 0.09 | 5.64 | 0.67 | 0.03 | 3.32
11/21/2016 | Al 1.12 1.37 -13.6 9.74 1.65 | 5.01 135 | 0.09 | 583 | 0.65 | 0.00 | 3.53
11/29/2016 | Al 3.50 6.79 9.96 | 3.22 | 5.04 13.9 | 0.09 | 6.49 | 042 | 0.00 | 3.55
12/7/2016 Al 3.91 1.13 6.99 8.10 | 2.03 | 3.88 | 9.74 | 0.09 | 522 | 0.36 | 0.00 | 3.90
12/13/2016 | Al 7.05 1.04 | -14.9 9.43 1.63 | 4.30 11.3 | 0.09 | 3.75 | 0.02 | 0.05 1.56
1/4/2017 Al 4,58 6.79 6.39 | 218 | 3.05 | 7.30 | 0.08 | 530 | 0.95 | 0.06 | 6.87
1/12/2017 Al 3.46 6.84 7.90 171 | 350 | 893 | 0.08 | 7.30 | 0.93 | 0.00 | 6.82
1/19/2017 Al | 210 | 348 | 705 | 0.82 | 091 | -13.2 | 12.1 | 2.38 | 542 | 11.2 | 0.08 | 6.10 | 0.89 | 0.00 | 5.70
1/20/2017 Al 241 3.20 | 6.63 | 0.78 8.35 1.68 | 3.92 10.4
1/26/2017 Al | 3.38 6.85 | 0.49 7.07 | 1.86 | 3.31 | 9.16 | 0.07 | 537 | 0.82 | 0.08 | 6.45
2/2/2017 Al 7.00 | 0.77
2/3/2017 Al 7.00 841 | 143 | 3.81 | 104 | 0.08 | 530 | 0.94 | 0.00 | 4.91
2/10/2017 Al | 2.04 7.00 | 0.83 839 | 1.30 | 417 | 10.9 | 0.07 | 563 | 0.88 | 0.06 | 4.43
2/17/2017 Al 1.94 | 3.71 7.34 | 0.89 8.51 1.38 | 3.89 10.8 | 0.07 | 555 | 0.81 | 0.00 | 4.09
2/24/2017 Al 7.21 0.95 8.83 1.30 | 4.01 11.0 | 0.07 | 544 | 0.64 | 0.00 | 3.77
3/3/2017 Al 7.19 8.55 1.28 | 4.18 11.1 | 0.07 | 5.70 | 0.67 | 0.00 | 3.93
3/8/2017 Al 1.79 7.58 8.99 1.27 | 4.05 11.0 | 0.08 | 5.61 | 0.59 | 0.00 | 3.82
3/16/2017 Al 1.68 3.58 6.24 | 0.75 1.14 | -12.9 8.50 1.03 | 4.17 11.0 | 0.07 | 5.60 | 0.92 | 0.00 | 4.14
3/24/2017 Al 1.60 7.49 | 0.98 8.81 121 | 4.24 115 | 0.07 | 546 | 0.74 | 0.00 | 3.88
3/30/2017 Al | 1.98 7.48 | 1.04 8.66 | 1.47 | 408 | 115 | 0.07 | 492 | 0.61 | 0.00 | 3.69
4/7/2017 Al | 3.15 7.40 | 0.58 6.82 | 1.26 | 3.29 | 849 | 0.08 | 472 | 0.53 | 0.00 | 5.16
4/13/2017 Al 7.42 | 0.90 843 | 1.27 | 403 | 11.0 | 0.08 | 476 | 0.67 | 0.00 | 4.26
4/21/2017 Al 7.23 | 1.02 9.06 | 148 | 439 | 12.0 | 0.08 | 480 | 0.83 | 0.06 | 3.66
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4/28/2017 Al | 3.20 | 3.44 093 | -15.2 | 7.09 | 1.78 | 3.40 | 856 | 0.08 | 446 | 0.71 | 0.00 | 4.83
5/5/2017 Al | 6.74 7.47 6.18 | 254 | 3.39 | 840 | 0.10 | 468 | 0.50 | 0.00 | 3.83
5/17/2017 Al 7.39 894 | 153 | 434 | 116 | 0.09 | 479 | 0.98 | 0.06 | 3.63
5/26/2017 Al | 3.58 6.72 | 068 | 0.84 | -15.1 | 6.60 | 1.65 | 3.55 | 895 | 0.08 | 434 | 0.67 | 0.00 | 419
5/31/2017 Al | 3.01 6.95 | 0.74 826 | 1.75 | 434 | 113 | 0.09 | 465 | 091 | 0.1 | 375
6/14/2017 Al | 5.90 0.36 358 | 217 | 184 | 468 | 0.08 | 295 | 0.37 | 0.08 | 4.03
6/20/2017 Al | 287 | 3.28 | 6.83 | 0.83 810 | 194 | 371 | 10.2 | 0.09 | 435 | 0.76 | 0.00 | 3.84
6/26/2017 Al | 3.40 740 | 121 848 | 1.75 | 436 | 11.2
7/7/2017 Al | 2.60 710 | 0.98 | 1.14 | -153 | 847 | 1.85 | 444 | 116 | 0.10 | 449 | 0.80 | 0.06 | 3.34
7/25/2017 Al 714 | 1.01 | 1.21 | -154 | 885 | 1.69 | 437 | 11.8 | 0.09 | 432 | 0.72 | 0.02 | 3.37
8/2/2017 Al | 319 | 2.76 | 7.09 927 | 141 | 465 | 13.0 | 0.09 | 489 | 0.86 | 0.04 | 3.13
8/10/2017 Al | 212 | 3.73 | 7.40 122 | -149 | 868 | 149 | 436 | 12.1 | 0.09 | 434 | 0.70 | 0.00 | 3.09
8/15/2017 Al 714 | 095 | 097 | -152 | 7.36 | 1.77 | 364 | 992 | 0.09 [ 3.94 | 054 | 0.00 | 2.99
8/28/2017 Al 937 | 153 | 472 | 134 | 0.09 | 445 | 0.66 | 0.04 | 2.88
9/6/2017 Al 136 | -15.2 | 911 | 157 | 461 | 13.0 [ 0.09 | 448 | 0.56 | 0.00 | 2.93
9/20/2017 Al | 2.00 | 3.69 119 | 134 | -150 | 936 | 1.73 | 459 | 13.1 | 0.08 | 524 | 0.45 | 0.06 | 3.63
9/25/2017 Al | 2.28 | 2.98 1.27 971 | 188 | 486 | 139 | 0.09 | 5.25 | 0.27 | 0.00 | 3.61
10/6/2017 Al | 217 | 3.27 | 7.90 9.76 | 1.70 | 5.04 | 141 | 0.09 | 481 | 0.14 | 0.00 | 2.84
10/13/2017 | Al 6.65 1.68 | -16.1 0.09 | 488 | 0.00 | 0.00 | 2.36
10/19/2017 | Al | 251 | 3.39 | 7.46 147 | -145 | 919 | 2.08 | 489 | 13.3 | 0.08 | 5.00 | 0.25 | 0.00 | 3.10
10/25/2017 | Al 7.70 816 | 196 | 443 | 11.8 | 0.08 | 520 [ 0.33 | 0.00 | 3.58
10/30/2017 | Al 7.67 915 | 184 | 474 | 128 | 0.08 | 5.27 | 0.49 | 0.00 | 3.33
5/31/2016 A2 | 211 | 187 089 | -156 | 101 | 141 | 542 | 139 | 0.09 | 756 | 252 | 0.00 | 453
6/6/2016 A2 0.33 | -17.7
6/17/2016 A2 0.89 991 | 1.35 | 493 | 133
6/21/2016 A2 081 | 094 | -153 | 9.75 | 1.20 | 5.09 | 13.7
6/30/2016 A2 0.90 950 | 1.35 | 496 | 13.3 | 0.09 | 7.22 | 2.47 | 0.00 | 3.83
7/6/2016 A2 0.93 995 | 119 | 493 | 134 | 011 | 7.12 | 286 | 0.27 | 3.74
7/28/2016 A2 | 217 | 466 | 749 | 094 | 113 | -162 | 104 | 1.28 | 485 | 134 | 011 | 7.32 | 2.16 | 0.21 | 3.80
8/4/2016 A2 | 217 | 129 | 740 | 0.83 | 0.96 | -15.7 0.11 | 697 | 2.19 | 0.20 | 3.47
10/25/2016 | A2 112 | -145 | 963 | 199 | 529 | 135 [ 0.09 | 7.98 | 244 | 0.18 | 4.29
11/14/2016 | A2 153 | 353 [ 731 | 096 | 1.09 | -13.6 | 969 | 1.68 | 541 | 143 | 0.08 | 7.96 | 290 | 0.12 | 4.07
12/7/2016 A2 | 518 | 249 | 6.88 651 | 1.19 | 3.78 | 11.0 | 0.08 | 6.82 | 093 | 0.18 | 3.77
1/19/2017 A2 715 | 083 | 093 | -12.8 | 880 | 1.89 | 528 | 134 | 0.07 [ 10.1 | 2.60 | 0.08 | 8.32
2/17/2017 A2 7.46 | 0.89
3/16/2017 A2 | 141 | 368 | 696 | 085 | 1.12 | -123 | 9.13 | 1.04 [ 536 | 136 | 0.07 | 823 | 2.88 | 0.07 | 511
4/28/2017 A2 | 3.08 | 422 0.95 | -14.9 0.08 | 567 | 1.83 | 0.13 | 556
5/26/2017 A2 | 493 6.79 | 068 | 0.79 | -145 | 6.67 | 204 | 421 | 967 | 0.08 | 520 | 157 | 011 | 534
6/20/2017 A2 6.98 | 0.78 793 | 258 | 455 | 108 | 0.09 | 5.73 | 2.20 | 0.13 | 470
7/25/2017 A2 743 | 089 | 1.09 | -15.0 | 871 | 1.73 | 472 | 11.7 | 0.08 | 6.22 | 2.09 | 0.15 | 3.93
8/15/2017 A2 716 | 082 | 1.26 | -15.3 | 823 | 1.75 | 461 | 120 | 0.08 | 6.46 | 1.80 | 0.14 | 3.65
9/20/2017 A2 | 232 | 3.23 1.02 | 1.23 | -152 | 921 | 1.78 | 496 | 128 | 0.07 | 751 | 1.69 | 0.11 | 424
10/19/2017 | A2 | 2.60 | 3.70 | 7.38 130 | -146 | 848 | 191 | 524 | 125 | 0.08 | 719 | 0.84 | 0.18 | 3.27
5/31/2016 A3 | 328 | 161 104 | 1.48 | 412 | 106 | 0.10 | 6.45 | 0.93 | 0.00 | 3.42
6/6/2016 A3 091 | -159 | 9.64 | 156 | 413 | 105 | 0.08 | 758 | 0.76 | 0.07 | 3.12
6/17/2016 A3 108 | 163 | 420 | 11.3 | 0.10 | 6.61 | 0.70 | 0.11 | 3.00
6/21/2016 A3 104 | 136 | 515 | 11.0 | 0.11 | 6.49 | 0.65 | 0.00 | 3.00
6/30/2016 A3 077 | -16.3 | 745 | 158 | 3.39 | 868 | 0.08 | 758 | 0.76 | 0.07 | 3.12
7/6/2016 A3 1.08 103 | 144 | 420 | 11.0 | 0.12 | 6.16 | 0.42 | 0.00 | 2.59
7/28/2016 A3 161 | 199 | 718 | 1.10 | 1.90 | -189 | 115 | 1.01 | 413 | 128
8/4/2016 A3 [ 248 | 0.28 | 6.92 | 0.89 | 1.06 | -17.3 0.12 | 463 | 0.22 | 0.07 | 3.31
9/20/2016 A3 151 | 1.39 193 | -17.9 0.09 | 350 | 0.21 | 0.20 | 3.25
9/28/2016 A3 0.10 | 460 | 0.36 | 0.25 | 4.13
10/25/2016 | A3 | 2.39 | 3.22 095 | 119 | -149 | 965 | 1.86 | 3.97 | 10.1 | 0.10 | 6.21 | 0.12 | 0.06 | 3.34
11/1/2016 A3 8.87 | 1.26 | 3.73 | 9.32
11/14/2016 | A3 184 | 321 | 735 | 1.00 | 1.28 | -158 | 104 | 1.72 | 422 | 11.3 | 0.09 | 588 | 0.22 | 0.00 | 3.27
12/7/2016 A3 | 453 6.55 481 | 149 | 252 | 7.14 | 0.09 | 520 | 593 | 0.00 | 4.81
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1/19/2017 A3 | 243 | 386 | 6.84 | 0.75 | 092 | -135 | 8.88 | 1.39 | 3.73 | 944 | 0.08 | 6.31 | 0.62 | 0.00 | 5.18
2/17/2017 A3 | 2.07 7.22 | 0.80 | 0.90 | -12.8 0.07 | 6.44 | 0.79 | 0.00 | 4.09
3/16/2017 A3 | 200 | 424 | 7.06 | 0.75 | 1.05 | -12.7 0.07 | 6.36 | 0.92 | 0.00 | 3.87
4/28/2017 A3 | 315 | 432 057 | 077 | -146 | 752 | 146 | 3.08 | 762 | 0.08 | 535 | 054 | 013 | 494
5/26/2017 A3 | 491 6.76 | 062 | 0.72 | -15.6 | 6.76 | 146 | 293 | 7.23 | 0.08 | 497 | 055 | 0.00 | 4.36
6/20/2017 A3 | 245 | 396 | 6.80 | 0.70 859 | 158 | 3.36 | 8.02 | 0.09 | 5.09 [ 0.69 | 0.00 | 4.00
7/25/2017 A3 707 | 084 | 1.08 | -16.0 | 882 | 1.63 | 3.80 | 957 | 0.09 | 480 | 0.42 | 0.07 | 430
8/15/2017 A3 7.26 | 062 | 0.84 | -16.1 | 6.23 | 1.74 | 3.01 | 7.56 | 0.08 | 3.81 | 0.37 | 0.03 | 3.20
9/20/2017 A3 | 252 | 3.42 105 | 1.16 | -158 | 9.02 | 1.97 | 3.98 | 104 | 0.08 [ 591 | 0.09 | 0.00 | 3.24
10/18/2017 | A3 15.9 | 0.81
5/31/2016 A4 | 2.73 | 8.06 099 | 1.04 | -156 | 789 | 1.88 | 3.49 | 9.86 | 0.11 | 412 | 0.21 | 0.00 | 2.38
6/6/2016 A4 055 | -155 | 7.85 | 1.47 | 3.51 | 9.99
6/17/2016 A4 094 | -150 | 860 | 1.38 | 4.02 | 11.1
6/21/2016 A4 084 | 1.04 | -150 | 9.05 | 1.29 | 505 | 11.8 | 0.11 | 6.16 | 0.23 | 0.00 | 2.07
6/30/2016 A4 095 | 099 | -152 | 8.02 | 156 | 368 | 10.1 | 0.08 | 419 | 0.22 | 0.02 | 1.77
7/6/2016 A4 1.11 897 | 136 | 414 | 11.7 | 011 | 3.73 | 0.19 | 0.00 | 1.99
7/28/2016 A4 | 175 | 354 | 776 | 1.28 | 149 | -16.1 | 103 | 1.19 | 484 | 144 | 011 | 3.82 | 0.26 | 0.00 | 2.11
8/4/2016 A4 | 274 | 478 | 723 | 112 | 1.14 | -16.7 0.12 | 3.75 | 0.23 | 0.10 | 2.42
9/20/2016 A4 | 185 | 0.68 144 | 156 | -15.6
10/25/2016 | A4 | 1.57 | 2.99 119 | 142 | -16.2 | 960 | 1.39 | 474 | 139 | 0.10 | 5.65 | 0.15 | 0.00 | 2.92
11/14/2016 | A4 | 1.75 | 234 | 830 | 1.24 | 1.47 | -149 | 934 | 1.18 | 472 | 139 [ 0.09 | 3.70 | 0.14 | 0.02 | 2.74
12/7/2016 A4 | 289 | 3.80 | 6.87 719 | 193 | 285 | 749 | 0.10 | 462 | 0.14 | 0.00 | 3.68
1/19/2017 A4 | 193 | 379 | 685 [ 0.73 | 0.80 | -13.3 | 7.11 | 1.30 [ 297 | 829 | 0.08 | 412 | 0.14 | 0.00 | 3.70
2/17/2017 A4 | 274 | 296 | 6.98 | 0.72 7.34 | 1.22 | 3.04 | 8.37
3/16/2017 A4 | 166 | 410 | 708 | 068 | 094 | -128 | 740 | 1.05 [ 3.12 | 843 | 0.07 | 398 | 0.13 | 0.00 | 3.05
4/28/2017 A4 | 354 | 353 098 | 068 | -145 | 594 | 169 | 258 | 6.79 | 0.08 | 3.46 | 0.17 | 0.00 | 3.49
5/26/2017 A4 | 457 6.68 | 068 | 0.85 | -154 | 6.05 | 155 | 2.86 | 7.38 | 0.08 | 3.61 | 0.19 | 0.00 | 2.95
6/20/2017 A4 | 301 | 418 | 7.20 | 0.70 713 | 164 | 301 | 765 | 0.09 | 3.45 | 0.22 | 0.00 | 2.65
7/25/2017 A4 715 | 096 | 1.19 | -15.6 | 8.05 | 157 | 364 | 10.1 | 0.09 | 356 | 0.21 | 0.00 | 2.21
8/15/2017 A4 770 | 0.86 | 1.06 | -15.2 | 7.05 | 1.76 | 3.35 | 9.24 | 0.09 | 3.29 | 0.19 | 0.00 | 2.09
9/20/2017 A4 3.68 130 | 147 | -16.2 | 922 | 146 | 459 | 13.2 | 0.08 | 4.06 | 0.20 | 0.06 | 3.01
10/19/2017 | A4 | 1.98 | 359 | 7.21 1.20 | -159 | 807 | 2.06 | 3.91 | 997 | 0.08 | 5.05 | 0.00 | 0.00 | 3.49
5/31/2016 Cl | 281 | 3.13 0.57
6/1/2016 Cl | 3.39 041 | 042 | -143 | 6.02 | 1.33 | 1.61 | 431 | 0.21 0.21 | 0.07 | 1.67
6/2/2016 Cl 6.37 | 1.31 | 159 | 4.23
6/6/2016 Cl 044 | 045 | -15.7 | 585 | 1.34 | 155 | 412
6/7/2016 Cl 0.40 0.07 | 483 | 0.19 | 0.04 | 1.06
6/9/2016 Cl 0.22
6/14/2016 C1l 0.21 | 046 | -15.3 0.08 | 569 | 0.21 | 0.06 | 1.04
6/16/2016 C1l 0.43 4.02 | 099 | 1.09 | 283 | 0.07 | 488 | 0.17 | 0.05 | 0.90
6/17/2016 C1l 0.40 6.25 | 149 | 167 | 4.69
6/20/2016 C1l 042 | 051 | -147 | 621 | 1.38 | 1.64 | 443
6/21/2016 Cl | 9.23 030 | 050 | -155 | 574 | 1.16 | 144 | 398 | 0.11 | 651 | 0.23 | 0.06 | 1.32
6/27/2016 Cl 6.18 | 1.29 | 156 | 422 | 0.05 | 3.50 | 0.18 | 0.04 | 0.98
6/28/2016 Cl 0.20 6.16 | 1.35 | 166 | 444 | 0.08 | 523 | 0.13 | 0.00 | 1.25
6/30/2016 Cl 0.37 589 | 143 | 156 | 417 | 0.05 | 3.39 [ 0.17 | 0.04 | 0.98
7/5/2016 Cl 0.52 | -16.2 0.10 | 358 | 0.01 | 0.00 | 1.22
7/6/2016 Cl 045 | 053 | -148 | 6.30 | 1.34 | 159 | 442 | 010 | 413 | 0.13 | 0.00 | 1.28
7/21/2016 Cl | 9.23 0.49 | 0.62 | -15.6 0.09 | 339 | 0.13 | 000 | 1.24
7/28/2016 Cl | 262 | 010 | 7.54 0.65 | -16.1 | 6.93 | 1.52 | 257 | 568 | 0.08 | 528 | 0.16 | 0.00 | 1.38
7/28/2016 Cl | 262 | 3.82
8/4/2016 C1 7.15 0.10 | 3.13 | 0.10 | 0.07 | 1.27
8/9/2016 Cl | 3.16 051 | 0.61 | -14.5 0.10 | 3.26 | 0.09 | 0.00 | 1.36
8/16/2016 Cl | 2.76 0.10 | 2.88 | 0.09 | 0.10 | 1.12
9/7/2016 Cl | 2.87 6.85 058 | -13.8 | 6.39 | 142 | 164 | 524 | 011 | 298 | 0.07 | 0.11 | 1.20
9/13/2016 C1l
9/21/2016 Cl | 264 | 3.79 0.87 | -14.7 0.10 | 3.29 | 0.06 | 0.00 | 1.27
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9/28/2016 Cl | 4.17 6.77 | 2.04 | 1.82 | 478 | 0.10 | 3.38 | 0.04 | 0.00 | 1.73
10/4/2016 Cl | 3.10 | 2.20 247 | 0.78 | 0.84 | 246 | 0.09 | 3.46 | 0.06 | 0.00 | 1.43
10/12/2016 | C1 | 2.88 | 3.47 0.30 641 | 165 | 151 | 420 | 0.09 | 353 [ 0.08 | 0.00 | 1.89
10/18/2016 | C1 | 2.79 6.39 | 162 | 1.78 | 501 | 0.09 | 3.58 [ 0.00 | 0.00 | 1.49
10/26/2016 | C1 | 2.07 | 3.96 0.77 | 063 | -152 | 6.32 | 158 | 1.80 | 4.84
11/1/2016 Cl | 2.35 0.40 649 | 181 | 186 | 489 | 0.09 | 350 [ 0.01 | 0.00 | 1.35
11/9/2016 Cl 0.44 6.37 | 185 | 180 | 467 | 0.09 | 3.34 | 0.02 | 0.00 | 1.37
11/16/2016 | C1 | 1.93 | 426 | 7.09 | 057 | 055 | -142 | 6.40 | 1.54 | 1.80 | 452 | 0.08 | 3.34 | 0.00 | 0.00 | 1.47
11/21/2016 | C1 043 | 0.62 | -16.2 | 6.36 | 1.76 | 1.87 | 483 | 0.07 | 3.45 | 0.00 | 0.00 | 1.40
11/29/2016 | C1 | 5.51 6.35 6.24 | 340 | 1.93 | 488 | 0.11 | 3.96 | 0.00 | 0.00 | 1.62
12/7/2016 Cl | 3.66 | 4.07 | 7.18 6.51 | 211 | 159 | 420 | 008 | 3.41 | 0.22 | 0.29 | 1.84
12/13/2016 | C1 6.73 6.52 | 1.60 | 1.58 | 428 | 0.10 | 5.18 | 0.38 | 0.23 | 4.21
1/4/2017 Cl | 5.00 6.59 | 0.23 531 | 142 | 124 | 3.23 | 0.07 | 3.67 | 0.02 | 0.00 | 3.81
1/12/2017 Cl | 311 6.56 | 0.32 598 | 1.17 | 144 | 3.66 | 0.07 | 400 [ 0.02 | 0.04 | 3.26
1/19/2017 Cl | 256 | 399 | 682 | 037 | 047 | -13.2 | 591 | 123 | 153 | 428 | 0.06 | 3.62 | 0.02 | 0.00 | 2.46
1/26/2017 Cl | 433 6.68 | 0.20 493 | 1.38 | 1.28 | 285 | 0.06 | 3.82 | 0.02 | 0.00 | 3.53
2/2/2017 Cl | 327 7.03 554 | 138 | 156 | 3.66 | 0.06 | 3.38 | 0.05 | 0.00 | 291
2/10/2017 Cl | 275 6.98 | 0.35 562 | 121 | 153 | 413 | 0.06 | 3.38 | 0.06 | 0.00 | 2.40
2/17/2017 Cl | 250 | 492 | 7.08 | 0.39 553 | 1.17 | 1.38 | 358 | 0.06 | 3.37 | 0.06 | 0.00 | 2.12
2/24/2017 Cl | 254 6.95 | 0.44 585 | 123 | 1.46 | 3.89 | 0.06 | 3.37 | 0.00 | 0.08 | 1.81
3/3/2017 Cl 6.95 549 | 114 | 132 | 358 | 0.06 | 3.43 [ 0.03 | 0.00 | 1.82
3/8/2017 Cl | 2.78 6.96 558 | 1.20 | 1.32 | 3.67 | 0.06 [ 3.37 [ 0.00 | 0.00 | 1.78
3/16/2017 Cl | 233 | 403 | 6.99 | 0.35 | 0.50 | -10.0 | 558 | 1.03 | 1.36 | 3.25 | 0.06 [ 3.53 [ 0.01 | 0.00 | 2.01
3/24/2017 Cl | 248 754 | 0.38 586 | 1.16 | 1.32 | 3.62 | 0.06 [ 3.90 [ 0.00 | 0.00 | 1.98
3/30/2017 Cl | 340 7.29 | 041 586 | 1.30 | 1.52 | 438 | 0.06 | 3.62 | 0.02 | 0.10 | 1.77
4/7/2017 Cl | 429 7.16 | 0.26 5.06 | 1.30 | 1.26 | 3.25 | 0.07 | 4.00 [ 0.05 | 0.00 | 2.95
4/13/2017 Cl 6.89 | 0.41 563 | 1.34 | 151 | 413 | 0.07 | 3.34 | 0.02 | 0.00 | 2.28
4/21/2017 Cl 6.76 | 0.46 580 | 149 | 1.71 | 452 | 0.07 | 3.33 | 0.08 | 0.00 | 1.78
4/28/2017 Cl | 450 | 393 | 659 | 0.22 | 0.37 | -14.8 0.07 | 3.05 | 0.11 | 0.00 | 2.80
5/5/2017 Cl | 7.68 6.69 514 | 169 | 143 | 3.68 | 0.09 | 4.45 | 0.06 | 0.00 | 2.37
5/17/2017 C1l 7.23 876 | 1.70 | 479 | 124 | 010 | 464 | 0.73 | 0.12 | 4.64
5/26/2017 Cl | 4.93 6.42 | 040 | 042 | -15.6 | 484 | 1.39 | 1.40 | 3.22 | 0.07 | 3.34 | 0.12 | 0.00 | 2.21
5/31/2017 Cl | 321 6.44 | 0.39 534 | 135 | 156 | 404 | 0.07 | 3.17 [ 015 | 0.05 | 1.61
6/14/2017 Cl | 6.68 0.24 366 | 142 | 132 | 2.79 | 0.07 | 291 | 0.08 | 0.00 | 2.77
6/21/2017 Cl | 556 | 461 | 6.87 | 0.57 483 | 144 | 141 | 337 | 007 | 3.48 | 0.10 | 0.00 | 1.55
6/26/2017 Cl | 3.73 7.42 | 0.40 547 | 136 | 149 | 403 | 0.07 | 324 | 0.13 | 0.00 | 1.87
7/7/2017 Cl | 3.78 6.73 | 0.39 | 047 | -149 | 525 | 140 | 152 | 381 | 0.08 [ 3.16 | 0.12 | 0.00 | 1.71
7/25/2017 Cl 716 | 048 | 058 | -143 | 589 | 149 | 169 | 437 | 0.08 | 3.23 | 0.12 | 0.00 | 143
8/2/2017 C1l 196 | 491 | 6.90 060 | -134 | 6.03 | 1.30 | 159 | 451 | 0.07 | 3.19 | 0.10 | 0.00 | 1.48
8/10/2017 Cl | 233 | 476 | 6.90 056 | -13.6 | 589 | 1.36 | 1.54 | 447
9/6/2017 C1l 062 | -141 | 597 | 154 | 184 | 493 | 0.07 | 3.11 | 0.06 | 0.00 | 1.34
9/20/2017 Cl | 219 | 1.69 050 | 062 | -146 | 6.09 | 1.66 | 154 | 461 | 0.06 | 3.73 | 0.03 | 0.00 | 2.10
9/25/2017 Cl | 255 | 3.92 0.50 6.21 | 169 | 1.70 | 499 | 0.06 | 3.70 [ 0.05 | 0.00 | 2.07
10/6/2017 Cl | 211 | 483 | 7.33 6.38 | 1.85 | 192 | 534 | 0.07 | 3.72 | 0.00 | 0.00 | 1.57
10/13/2017 | C1 7.12 0.78 | -16.2 0.07 | 3.73 | 0.00 | 0.00 | 1.41
10/20/2017 | C1 | 8.33 | 1.18 | 7.02 6.00 | 168 | 1.65 | 435 | 0.06 [ 3.79 [ 0.00 | 0.00 | 1.45
10/25/2017 | C1 7.43 592 | 192 | 160 | 427 | 0.06 | 3.78 | 0.00 | 0.00 | 1.48
10/30/2017 | C1 7.76 6.14 | 1.79 | 1.70 | 452 | 0.06 | 3.88 [ 0.00 | 0.00 | 1.43
6/21/2016 C2 034 | 050 | -155 | 6.07 | 1.23 | 1.37 | 3.73 | 0.06 | 437 | 0.20 | 0.03 | 0.95
6/30/2016 C2 0.36 594 | 138 | 142 | 3.75 | 0.05 | 350 [ 0.17 | 0.03 | 0.91
7/28/2016 C2 | 222 | 383 | 751 | 049 | 0.64 | -174 | 6.49 | 144 | 1.63 | 442 | 0.09 | 3.29 | 0.13 | 0.00 | 1.26
8/4/2016 C2 7.06 0.09 | 3.36 | 0.12 | 0.00 | 1.25
9/21/2016 C2 143 | 4.82 081 | -16.7 | 6.89 | 1.40 | 2.04 | 564 | 0.09 | 2.76 | 0.05 | 0.07 | 1.27
10/26/2016 | C2 1.88 | 3.77 042 | 056 | -15.2 | 6.41 | 154 | 1.62 | 440
11/4/2016 C2 0.81 6.40 | 1.77 | 162 | 417 | 0.08 | 3.29 | 0.02 | 0.06 | 1.28
11/16/2016 | C2 | 201 | 576 | 6.77 | 0.49 | 0.61 | -164 | 6.32 | 1.69 | 1.60 | 4.00 | 0.07 | 3.96 | 0.03 | 0.00 | 1.49
11/21/2016 | C2 0.46 640 | 1.75 | 1.71 | 472 | 0.07 | 3.27 | 0.00 | 0.00 | 1.36
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11/29/2016 | C2 | 4.87 6.31 6.30 | 3.33 | 1.73 | 4.26
12/7/2016 C2 | 385 | 3.61 | 6.61 321 | 1.03 | 0.99 | 260 | 0.08 | 3.42 | 0.02 | 0.00 | 1.50
12/13/2016 | C2 6.71 6.10 | 141 | 148 | 395 | 0.08 | 3.29 | 0.02 | 0.00 | 1.49
1/4/2017 C2 | 546 6.46 | 0.23 534 | 141 | 113 | 292 | 0.07 | 3.76 | 0.00 | 0.00 | 3.99
1/12/2017 C2 | 3.24 6.48 | 0.64 6.00 | 1.28 | 1.33 | 3.33 | 0.07 | 436 | 0.04 | 0.00 | 3.34
1/19/2017 C2 | 297 | 337 | 700 | 0.38 | 047 | -135 | 6.11 | 127 | 151 | 583 | 0.07 | 3.37 | 0.03 | 0.00 | 2.34
1/26/2017 C2 | 461 6.75 | 0.18 496 | 147 | 1.08 | 246 | 0.06 | 400 | 0.07 | 0.08 | 3.53
2/2/2017 C2 | 4.00 7.24 | 0.26 541 | 126 | 1.32 | 3.08 | 0.06 | 3.39 [ 0.07 | 0.00 | 2.49
2/10/2017 C2 | 2.78 7.32 | 0.34 544 | 118 | 1.26 | 3.26 | 0.07 | 3.28 | 0.12 | 0.07 | 2.17
2/17/2017 C2 | 246 | 414 | 681 | 0.31 | 042 | -140 | 562 | 1.25 | 1.28 | 3.32
2/24/2017 C2 | 2.61 6.77 566 | 1.34 | 1.21 | 3.37 | 0.06 | 3.27 | 0.04 | 0.00 | 1.77
3/3/2017 C2 6.78 549 | 1.15 | 1.21 | 3.22 | 0.06 | 3.38 | 0.00 | 0.00 | 1.87
3/8/2017 C2 | 2.63 7.07 558 | 161 | 1.08 | 3.22 | 0.06 | 3.33 [ 0.03 | 0.00 | 1.68
3/16/2017 C2 | 242 | 396 | 642 | 029 | 049 | -124 | 561 | 1.10 | 1.24 | 3.15 | 0.06 | 3.58 | 0.05 | 0.00 | 1.98
3/24/2017 C2 | 244 7.34 | 0.35 586 | 122 | 1.25 | 351 | 0.06 | 3.88 | 0.07 | 0.00 | 1.91
3/30/2017 C2 | 314 7.33 | 0.43 577 | 133 | 1.35 | 3.66 | 0.06 | 3.80 [ 0.06 | 0.08 | 1.68
4/7/2017 C2 | 4.90 7.16 | 0.24 496 | 1.32 | 1.17 | 2.86 | 0.07 | 3.97 | 0.08 | 0.00 | 2.83
4/13/2017 C2 7.08 | 0.38 535 | 132 | 131 | 358 | 0.07 | 3.45 | 0.07 | 0.00 | 1.86
4/21/2017 C2 6.74 | 0.41 577 | 151 | 165 | 426 | 0.07 | 3.29 | 0.10 | 0.00 | 1.40
4/28/2017 C2 | 482 | 371 | 6.80 | 0.26 | 0.29 | -14.0 | 432 | 144 | 117 | 263 | 0.08 | 3.11 | 0.11 | 0.00 | 2.66
5/5/2017 C2 | 757 6.82 514 | 166 | 1.34 | 3.16 | 0.07 | 456 | 0.06 | 0.00 | 1.97
5/17/2017 C2 6.93 562 | 1.34 | 141 | 3.72 | 0.07 | 3.24 | 0.17 | 0.00 | 1.44
5/26/2017 C2 | 5.28 6.35 | 0.30 | 0.38 | -16.1 | 478 | 1.36 | 1.39 | 3.04 | 0.07 [ 3.25 | 0.12 | 0.00 | 2.07
5/31/2017 C2 | 3.70 6.41 | 0.40 534 | 136 | 141 | 351 | 0.07 | 3.39 [ 0.19 | 0.00 | 1.95
6/14/2017 C2 | 6.63 0.17 366 | 147 | 1.09 | 243 | 0.07 | 3.02 [ 0.08 | 0.00 | 2.60
6/21/2017 C2 | 621 | 422 | 6.80 | 0.27 479 | 142 | 129 | 3.06 | 0.07 | 3.70 | 0.10 | 0.00 | 1.48
6/26/2017 C2 | 440 7.63 | 0.37 547 | 161 | 155 | 361 | 0.07 | 3.39 | 0.14 | 0.00 | 148
71712017 C2 | 3.95 6.69 | 0.36 | 043 | -154 | 518 | 1.39 | 1.39 | 3.36 | 0.08 | 3.20 | 0.13 | 0.00 | 152
7/25/2017 C2 6.65 | 044 | 056 | -15.8 | 6.02 | 1.64 | 156 | 419 | 0.07 | 3.25 | 0.12 | 0.00 | 1.27
8/2/2017 C2 1.77 | 485 | 6.62 056 | -148 | 6.08 | 1.35 | 146 | 415
8/10/2017 C2 | 257 | 412 | 6.91 055 | -149 | 584 | 137 | 154 | 414 | 0.07 | 3.18 | 0.13 | 0.02 | 1.28
8/16/2017 C2 6.68
8/21/2017 C2 0.07 | 3.22 | 0.11 | 0.00 | 1.27
8/28/2017 C2 6.10 | 142 | 163 | 428 | 0.07 | 3.23 [ 0.11 | 0.00 | 1.30
9/6/2017 C2 059 | -155 | 593 | 144 | 143 | 418 | 0.07 | 3.17 | 0.10 | 0.02 | 1.23
9/20/2017 C2 | 2.07 | 0.39 044 | 061 | -156 | 6.00 | 1.58 | 144 | 419 | 0.06 | 3.74 | 0.08 | 0.00 | 2.07
9/25/2017 C2 | 6.28 | 1.42
10/6/2017 C2 | 185 | 3.78 | 7.38 6.26 | 1.72 | 161 | 492 | 0.07 | 3.73 | 0.06 | 0.08 | 1.35
10/13/2017 | C2 7.03 0.07 | 3.79 | 0.00 | 0.00 | 1.24
10/19/2017 | C2 595 | 169 | 145 | 405 | 0.06 | 3.81 [ 0.00 | 0.00 | 1.36
10/20/2017 | C2 | 2.10 | 4.05 | 7.12 814 | 105 | 784 | 162 | 0.09 | 438 | 0.05 | 0.16 | 2.07
10/25/2017 | C2 7.80 585 | 1.76 | 146 | 3.78 | 0.07 | 3.79 | 0.04 | 0.00 | 141
10/30/2017 | C2 8.18 591 | 164 | 150 | 395 | 0.06 | 3.78 | 0.04 | 0.00 | 141
5/31/2016 D1 | 191 | 2.20 0.70 | 069 | -15.1 | 8.65 | 1.68 | 497 | 128 | 0.08 | 796 | 0.70 | 0.10 | 4.40
6/1/2016 D1 | 2.65 8.62 | 1.72 | 478 | 13.0
6/2/2016 D1 0.81 | -145
6/6/2016 D1 0.78 | 083 | -16.1 | 6.34 | 1.85 | 359 | 9.32 | 0.08 | 8.07 | 0.56 3.80
6/7/2016 D1 0.81 527 | 287 | 317 | 887 | 0.10 | 544 | 0.62 | 0.00 | 3.88
6/9/2016 D1 114 | 1.01 | -15.2
6/14/2016 D1 101 | -152 | 755 | 1.36 | 4.18 | 10.7
6/16/2016 D1 0.95 489 | 1.38 | 2.66 | 6.48
6/17/2016 D1 0.89 848 | 213 | 478 | 124
6/20/2016 D1 0.75 | -13.1 | 9.17 | 1.82 | 477 | 13.0
6/21/2016 D1 | 143 0.96 | 1.17 | -15.7 | 952 | 1.66 | 523 | 135
6/27/2016 D1 1.02 923 | 149 | 465 | 124 | 0.08 | 499 | 0.69 | 0.17 | 4.15
6/28/2016 D1 474 | 1.28 | 256 | 6.69 | 0.10 | 5.66 | 0.83 | 0.00 | 4.56
6/30/2016 D1 0.45 516 | 212 | 293 | 786 | 0.10 | 458 | 0.67 | 0.11 | 474
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7/5/2016 D1 1.11 -15.9 8.81 1.70 | 4.48 119 | 0.11 | 474 | 0.69 | 0.13 | 4.01
7/6/2016 D1 0.87 7.88 1.83 | 4.07 109 | 0.11 | 441 | 0.63 | 0.15 | 4.33
7/15/2016 D1 1.07
7/21/2016 D1 1.43 119 | -154 012 | 472 | 056 | 0.14 | 3.65
7/28/2016 D1 | 231 | 454 | 7.05 | 0.79 | 091 | -16.5 | 6.88 | 2.04 | 3.37 | 920 | 0.11 | 3.61 | 0.37 | 0.00 | 3.93
8/4/2016 D1 7.24 0.74 | -16.4 0.10 | 3.70 | 0.36 | 0.16 | 3.36
8/9/2016 D1 | 5.88 0.65 | -12.0 0.13 | 447 | 0.27 | 0.08 | 3.42
8/16/2016 D1 | 249 0.76 0.12 | 451 | 047 | 0.11 | 3.68
9/7/2016 D1 1.74 7.17 1.11 -14.1 7.69 | 217 | 3.83 10.4 | 0.11 | 4.09 | 0.33 | 0.23 | 3.51
9/13/2016 D1 2.10 7.19 0.14 | 6.62 | 0.21 | 0.20 | 3.44
9/21/2016 D1 1.91 2.67 1.13 | -14.2 8.58 | 259 | 3.99 11.2 | 0.11 | 415 | 0.09 | 0.00 | 3.22
9/28/2016 D1 5.76 585 | 3.44 | 296 | 7.72 | 0.13 | 463 | 0.19 | 0.00 | 4.96
10/4/2016 D1 | 471 | 1.89 1.54 6.60 | 2.74 | 3.62 | 991 | 0.11 | 404 | 0.28 | 0.00 | 4.80
10/12/2016 | D1 | 3.53 | 11.3 0.68 7.18 | 3.19 | 407 | 10.7 | 0.11 | 520 | 0.50 | 0.00 | 7.01
10/18/2016 | D1 | 2.65 8.67 | 268 | 482 | 128 | 0.11 | 521 | 0.25 | 0.00 | 4.67
10/25/2016 | D1 | 2.53 | 3.04 133 | 1.10 | -13.8 | 757 | 2.65 | 458 | 12.1 | 0.11 | 6.07 | 0.27 | 0.13 | 5.92
11/1/2016 D1 | 2.32 1.52 853 | 263 | 497 | 13.1 | 0.11 | 493 | 0.06 | 0.15 | 4.37
11/9/2016 D1 | 1.93 1.07 892 | 238 | 572 | 18.1 | 0.11 | 478 | 0.06 | 0.13 | 3.79
11/16/2016 D1 180 | 3.44 | 6.51 1.13 114 | -144 8.90 191 | 544 13.6 | 0.10 | 484 | 0.10 | 0.00 | 3.85
11/21/2016 | D1 107 | 1.28 | -153 | 874 | 2.95 | 490 | 123 | 0.09 | 546 | 0.00 | 0.01 | 3.72
11/29/2016 | D1 | 4.12 6.70 0.09 | 5.70 | 0.12 | 0.15 | 3.53
12/7/2016 D1 | 4.58 3.80 | 7.06 496 | 251 | 3.10 | 845 | 0.11 | 480 | 0.27 | 0.12 | 7.02
12/13/2016 | D1 7.29 829 | 1.94 | 460 | 119 | 0.10 | 6.85 | 0.89 | 0.00 | 4.33
1/4/2017 D1 | 4.82 6.68 | 0.66 539 | 3.64 | 3.17 | 827 | 0.10 | 452 | 0.49 | 0.07 12.4
1/12/2017 D1 | 3.39 6.82 | 0.64 0.09 | 30.0 | 0.43 | 0.00 | 6.92
1/19/2017 D1 | 182 | 358 | 7.31 | 0.98 | 1.09 | -128 | 109 | 1.66 | 433 | 11.0 | 0.09 | 6.99 | 0.27 | 0.04 | 5.27
1/26/2017 D1 | 2.96 6.78 | 0.73 7.79 | 2.09 | 3.83 | 969 | 0.08 | 559 | 0.43 | 0.00 | 6.85
2/2/2017 D1 | 1.59 7.16 | 0.83 839 | 166 | 442 | 11.2 | 0.08 | 517 | 0.44 | 0.12 | 5.73
2/3/2017 D1 6.02 | 0.96
2/10/2017 D1 2.86 7.06 | 0.80 7.79 1.80 | 4.23 10.7 | 0.08 | 6.17 | 0.43 | 0.00 | 6.23
2/17/2017 D1 214 | 4.26 7.70 | 0.82 0.92 -12.1 8.09 1.89 | 4.16 10.7
2/24/2017 D1 1.81 8.18 | 0.99 8.50 1.74 | 4.46 11.9 | 0.08 | 523 | 0.03 | 0.00 | 4.94
3/3/2017 D1 7.27 6.97 | 1.93 | 405 | 10.2 | 0.14 | 595 | 0.29 | 0.00 | 7.49
3/8/2017 D1 | 2.39 8.22 7.95 | 1.61 | 3.84 | 9.88
3/16/2017 D1 | 229 | 3.71 | 8.67 | 0.80 | 1.03 | -12.2 0.08 | 5.38 | 0.26 | 0.00 | 5.67
3/24/2017 D1 | 2.03 9.06 | 0.93 797 | 142 | 438 | 11.2 | 0.09 | 521 | 0.03 | 0.00 | 5.29
3/30/2017 D1 | 2.62 7.52 | 1.02 8.27 | 1.74 | 463 | 12.3 | 0.08 | 486 | 0.15 | 0.00 | 4.96
4/7/2017 D1 | 3.37 7.14 | 0.79 6.50 | 2.02 | 3.85 | 10.1 | 0.09 | 444 | 0.32 | 0.00 | 6.44
4/13/2017 D1 7.31 0.99 8.00 159 | 4.62 11.9 | 0.09 | 456 | 0.22 | 0.00 | 5.41
4/21/2017 D1 7.03 | 0.99 8.30 | 2.06 | 4.73 123 | 0.10 | 479 | 050 | 0.00 | 5.13
4/28/2017 D1 2.95 | 3.36 7.14 | 0.83 1.00 | -15.4 7.06 | 2.26 | 4.26 11.0 | 0.09 | 431 | 0.48 | 0.03 | 6.86
5/5/2017 D1 7.45 7.32 476 | 2.80 | 2.84 | 759 | 0.10 | 4.13 | 0.33 | 0.00 | 5.05
5/17/2017 D1 7.17 8.67 166 | 4.75 12.1 | 0.09 | 489 | 0.73 | 0.08 | 4.62
5/26/2017 D1 | 4.49 6.92 0.75 | 0.88 | -14.5 5,69 | 276 | 349 | 9.16 | 0.09 | 400 | 0.31 | 0.03 | 6.22
5/31/2017 D1 | 2.88 6.67 | 0.87 7.14 | 231 | 403 | 106 | 0.09 | 424 | 055 | 0.12 | 5.35
6/14/2017 D1 | 6.02 0.54 391 | 3.62 | 287 | 745 | 0.10 | 3.26 | 0.20 | 0.00 | 6.38
6/21/2017 D1 | 5.68 | 4.08 | 6.55 | 0.61 468 | 287 | 3.11 | 817 | 0.09 | 349 | 0.33 | 0.10 | 4.38
6/26/2017 D1 | 2.55 7.25 | 0.90 742 | 241 | 412 | 106 | 0.09 | 448 | 059 | 0.00 | 4.89
7/7/2017 D1 | 2.36 724 | 0.86 | 1.01 | -15.1 | 6.88 | 2.82 | 4.04 | 104 | 0.12 | 462 | 0.58 | 0.08 | 5.55
7/25/2017 D1 721 | 115 | 1.01 | -157 | 6.66 | 279 | 3.79 | 950 | 0.08 | 445 | 0.55 | 0.07 | 5.24
8/2/2017 D1 1.07 6.64 | 7.19
8/10/2017 D1 2.71 3.50 | 7.22 0.99 | -14.9 6.64 | 2.15 | 4.00 10.2 | 0.08 | 4.05 | 0.50 | 0.03 | 4.36
8/16/2017 D1 6.90
8/28/2017 D1 8.17 2.27 | 4.33 11.2 | 0.08 | 453 | 0.47 | 0.13 | 3.89
9/6/2017 D1 7.84 | 212 | 4.22 11.1 | 0.08 | 427 | 0.31 | 0.09 | 3.60
9/20/2017 D1 1.78 3.49 129 | -154 8.21 251 | 4.36 11.8 | 0.08 | 498 | 0.28 | 0.14 | 4.21
9/25/2017 D1 1.85 3.41 1.37 8.38 | 2.52 | 4.48 12.0 | 0.08 | 476 | 0.15 | 0.14 | 4.18
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10/6/2017 D1 | 2.00 | 355 | 7.32 8.47 | 234 | 465 | 124 | 0.08 | 460 | 0.08 | 0.23 | 3.78
10/13/2017 | D1 7.08 146 | -17.4 0.09 | 480 | 0.04 | 0.27 | 3.26
10/20/2017 | D1 | 2.72 | 243 | 7.20 7.05 | 230 | 405 | 105 | 0.08 | 485 | 0.35 | 0.19 | 3.94
10/25/2017 | D1 7.37 5.74 | 345 | 354 | 893 | 0.08 | 497 | 031 | 0.07 | 414
10/30/2017 | D1 7.77 755 | 232 | 454 | 113 | 0.08 | 511 [ 035 | 0.13 | 3.89
5/31/2016 D2 | 385 | 242 049 | -151 | 933 | 245 | 651 | 16.0
6/2/2016 D2 118 | 1.23 | -135
6/6/2016 D2 1.03 | -138 | 746 | 2.36 | 529 | 13.1 | 0.10 | 856 | 0.98 | 0.04 | 3.66
6/17/2016 D2 0.11 | 8.73 | 1.94 | 0.07 | 4.43
6/21/2016 D2 140 | 1.54 | -135 | 13.8 | 2.27 | 852 | 20.3
6/30/2016 D2 0.70 0.11 | 6.38 | 0.80 | 0.00 | 6.10
7/6/2016 D2 1.25 109 | 251 | 695 | 166 | 0.13 | 9.02 | 1.53 | 0.00 | 5.01
7/28/2016 D2 | 354 | 285 | 7.18 | 156 135 [ 263 [ 770 | 195 | 0.13 | 11.6 | 1.49 | 0.00 | 6.10
8/4/2016 D2 | 17.6 7.38 | 0.80 0.10 | 3.83 | 043 | 0.14 | 3.01
9/21/2016 D2 | 3.64 | 3.66 122 | -151 | 910 | 285 | 432 | 114 | 013 | 448 | 0.02 | 0.10 | 2.12
9/28/2016 D2 0.12 | 471 | 0.14 | 0.00
10/26/2016 | D2 | 4.78 | 3.09 094 | 107 | -124 | 6.76 | 437 | 561 | 138
11/16/2016 | D2 | 2,95 | 346 | 6.40 | 160 | 1.78 | -13.3 | 11.7 | 295 | 9.14 | 224 | 0.10 | 11.8 | 1.86 | 0.00 | 5.77
12/7/2016 D2 6.91 6.29 | 419 | 438 | 9.75 | 0.12 | 558 | 0.30 | 0.00 | 11.8
1/19/2017 D2 | 314 | 344 | 742 | 130 | 140 | -114 | 9.13 | 268 | 7.26 | 17.1 | 0.09 | 813 | 1.51 | 0.00 | 8.20
2/17/2017 D2 | 3.77 | 3.48 | 7.46 096 | -106 | 7.34 | 3.12 | 5.07 | 124
3/16/2017 D2 | 407 | 344 | 838 | 0.76 | 0.93 -9.4 734 | 275 | 485 | 116 | 0.09 | 652 | 0.85 | 0.00 | 9.20
4/28/2017 D2 | 544 | 322 | 716 | 0.72 | 090 | -12.0 | 577 | 3.38 | 401 | 104 | 0.11 | 511 | 058 | 0.00 | 10.0
5/26/2017 D2 | 6.24 7.16 | 066 | 0.87 | -12.0 | 488 | 360 | 344 | 9.18 | 0.11 | 429 | 0.23 | 0.00 | 7.38
6/21/2017 D2 | 6.25 | 3.87 | 7.99 | 0.67 414 | 423 | 341 | 874 | 011 | 3.78 | 0.35 | 0.00 | 5.48
7/25/2017 D2 713 |1 078 | 094 | -13.0 | 6.16 | 3.76 | 438 | 998 | 0.10 | 535 | 0.77 | 0.00 | 6.17
8/16/2017 D2 8.05
9/20/2017 D2 | 349 | 350 147 | 169 | -143 | 978 | 3.85 | 740 | 175 | 0.09 | 9.74 | 1.30 | 0.00 | 5.46
10/20/2017 | D2 | 3.78 | 4.10 | 6.99 12.2 | 350 | 936 | 196 | 0.09 | 12.7 | 1.19 | 0.07 | 6.58
5/31/2016 Pl 2.89 | 187 087 | 083 | -15.7 | 6.04 | 1.16 | 381 | 114 | 0.08 | 3.42 | 0.10 | 0.02 | 2.63
6/6/2016 Pl 521 | 126 | 3.28 | 104 | 0.09 | 10.8 [ 0.09 | 0.00 | 2.14
6/14/2016 Pl 0.09 | 426 | 0.17 | 0.05 | 2.39
6/17/2016 P1 0.90 6.87 | 1.26 | 4.28 | 133
6/21/2016 P1 145 | -16.3 | 867 | 1.34 | 5.00 | 16.2
6/30/2016 P1 118 | -16.1 | 6.92 | 1.32 | 420 | 136 | 0.06 | 354 | 0.22 | 0.03 | 2.61
7/6/2016 P1 1.26 793 | 125 | 462 | 147 | 010 | 6.39 | 0.14 | 0.00 | 3.06
7/28/2016 P1 182 | 406 | 744 | 124 | 1.35 | -16.6 | 865 | 1.35 | 478 | 156 | 0.10 | 3.21 | 0.16 | 0.00 | 3.04
8/4/2016 P1 | 2.56 720 | 144 | 1.36 | -16.7 0.11 | 3.09 | 0.16 | 0.00 | 3.08
9/21/2016 Pl 192 | 2.76 150 | -150 | 842 | 151 | 475 | 157 | 0.10 | 3.07 | 0.05 | 0.00 | 3.09
10/26/2016 Pl 1.37 | 2.26 1.33 894 | 129 | 530 | 164
11/16/2016 Pl 113 | 3.73 | 6.40 160 | -119 | 914 | 122 | 527 | 165 | 0.09 | 3.15 | 0.00 | 0.00 | 3.71
12/7/2016 Pl 439 | 232 | 7.04 204 |1 088 | 1.70 | 7.35 | 0.10 | 1.81 | 0.02 | 0.00 | 1.17
1/19/2017 Pl 750 | 0.85 | 1.00 | -12.8 | 5.67 | 154 | 3.34 | 108 | 0.07 | 2.81 | 0.04 | 0.00 | 3.11
2/3/2017 Pl 6.95 | 0.81 548 | 1.50 | 3.13 | 9.95
2/17/2017 P1 | 333 | 468 | 7.85 | 0.65 489 | 195 | 268 | 897 | 0.07 | 3.13 | 0.01 | 0.00 | 2.71
3/16/2017 Pl | 341 | 390 | 757 | 0.67 | 0.89 | -11.2 | 516 | 140 | 292 | 9.01 | 0.07 | 3.27 | 0.02 | 0.00 | 2.65
4/28/2017 P1 441 | 3.83 | 7.14 | 0.49 | 0.70 | -14.8 0.08 | 2.78 | 0.07 | 0.00 | 2.86
5/26/2017 P1 | 419 6.82 | 060 | 0.67 | -146 | 344 | 134 | 226 | 6.77 | 0.08 | 2.46 | 0.07 | 0.00 | 2.36
6/21/2017 P1 | 5.09 7.02 | 0.44 282 | 151 | 199 | 6.75 | 0.08 | 2.17 | 0.05 | 0.00 | 1.68
7/25/2017 P1 6.99 | 096 | 1.19 | -15.6 | 595 | 1.37 | 353 | 115 | 0.08 | 2.70 | 0.06 | 0.00 | 2.72
8/16/2017 Pl 7.37
9/20/2017 Pl 1.10 | 9.59 133 | 152 | -15.7 | 845 | 1.33 | 468 | 153 | 0.07 | 3.58 | 0.07 | 0.00 | 4.10
10/20/2017 Pl 178 | 0.25 | 7.17 838 | 1.31 | 487 | 146 | 0.08 | 3.63 | 0.00 | 0.00 | 3.61
5/31/2016 R1 | 2.17 | 4.85 0.90 | 0.82 | -16.0 0.09 | 6.05 | 0.49 | 0.00 | 3.45
6/1/2016 R1 | 2.81 027 | -159 | 786 | 141 | 422 | 114
6/2/2016 R1 096 | -159 | 830 | 1.30 | 4.19 | 11.2
6/6/2016 R1 114 | -152 | 7.09 | 147 | 3.87 | 105 | 0.09 | 823 | 0.42 | 0.00 | 2.97
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6/7/2016 R1 110 | 090 | -154 | 7.60 | 156 | 3.95 | 10.9 | 0.11 | 6.60 | 0.46 | 0.00 | 3.25
6/9/2016 R1
6/14/2016 R1 8.73 | 1.38 | 441 | 156
6/16/2016 R1 0.89 8.03 | 149 | 418 | 113
6/17/2016 R1 110 | -15.7 | 834 | 155 | 407 | 11.0 [ 0.09 | 2.66 | 0.08 | 0.00 | 1.38
6/20/2016 R1 093 | 099 | -155 | 832 | 127 | 424 | 115 | 0.07 | 499 | 053 | 0.08 | 3.18
6/21/2016 R1 | 161 093 | 111 | -152 | 842 | 1.36 | 426 | 117
6/23/2016 R1 0.09 | 540 | 0.52 | 0.00 | 3.23
6/27/2016 R1 1.02 855 | 1.23 | 425 | 11.7 | 0.07 | 450 | 0.47 | 0.07 | 3.14
6/28/2016 R1 7.95 | 1.36 | 401 | 109 | 0.09 | 2.45 | 0.20 | 0.00 | 1.70
6/30/2016 R1 0.68 6.37 | 1.64 | 3.37 | 9.00 | 0.07 | 400 | 0.53 | 0.07 | 3.21
7/5/2016 R1 107 | -16.2 0.11 | 444 | 0.17 | 0.00 | 3.06
7/6/2016 R1 0.95 8.04 | 1.38 | 417 | 114 | 011 | 444 | 0.26 | 0.00 | 3.11
7/21/2016 R1 1.61 124 | -16.5 049 | 401 | 0.01 | 0.00 | 2.97
7/28/2016 R1 | 223 | 381 | 745 | 095 | 118 | -156 | 798 | 152 | 408 | 114 | 0.12 | 353 | 0.25 | 0.00 | 3.11
8/4/2016 R1 | 254 | 288 | 7.11 0.90 | -16.4 0.11 | 3.07 | 0.19 | 0.06 | 2.78
8/9/2016 R1 | 13.8 0.73 0.13 | 368 | 0.19 | 0.00 | 2.74
8/16/2016 R1 | 2.49 011 | 217 | 0.13 | 0.09 | 1.76
9/7/2016 R1 | 1.87 1.24 | -146 0.11 | 3.30 | 0.13 | 0.15 | 3.00
9/20/2016 R1 | 2.09 | 0.81 152 | -147 | 194 | 050 | 1.52 | 659 | 0.12 | 3.81 | 0.03 | 0.07 | 3.15
10/25/2016 R1 | 217 | 4.24 107 | 1.25 | -148 | 7.33 | 2.36 | 438 | 11.9 | 0.11 | 436 | 0.10 | 0.08 | 4.44
11/14/2016 R1 | 240 | 275 | 711 | 110 | 122 | -129 | 833 | 166 | 455 | 124 | 0.09 | 413 | 0.08 | 0.00 | 3.23
12/7/2016 R1 | 3.75 | 3.36 [ 6.91 580 | 215 | 340 | 9.38 | 0.06 | 2.45 [ 0.04 | 0.07 | 2.09
1/19/2017 R1 | 193 | 420 [ 7.07 831 | 147 | 394 | 121 | 0.08 | 5.01 [ 0.31 | 0.00 | 5.08
2/17/2017 R1 169 | 3.43 | 7.10 | 0.89 740 | 1.29 | 3.89 | 10.6
3/16/2017 R1 | 215 | 447 | 740 | 080 | 099 | -12.3 | 6.82 | 1.35 | 353 | 961 | 0.07 | 416 | 0.25 | 0.11 | 417
4/28/2017 R1 | 3.30 | 3.58 080 | -145 | 571 | 1.63 | 3.02 | 7.77 | 0.08 | 3.46 | 0.32 | 0.00 | 5.07
5/26/2017 R1 | 453 6.55 | 065 | 0.75 | -14.6 | 533 | 191 | 298 | 796 | 0.08 | 3.43 | 0.27 | 0.00 | 4.21
6/20/2017 R1 | 247 | 3.84 | 6.93 | 0.76 6.69 | 1.78 | 3.50 | 9.23 | 0.09 | 3.57 | 0.38 | 0.00 | 4.05
7/25/2017 R1 6.92 | 086 | 1.06 | -155 | 6.98 | 1.89 | 3.78 | 9.95 | 0.08 | 3.64 | 0.37 | 0.00 | 3.68
8/15/2017 R1 7.01 | 058 | 0.79 | -134 | 453 | 220 | 268 | 7.84 | 0.08 | 3.00 | 0.19 | 0.02 | 252
9/20/2017 R1 1.97 | 4.00 107 | 1.22 | -154 | 791 | 191 | 419 | 11.8 | 0.08 | 439 | 0.14 | 0.00 | 3.66
10/19/2017 R1 7.25 124 | -146 | 7.08 | 218 | 421 | 11.0 | 0.08 | 424 | 0.13 | 0.00 | 3.31
5/31/2016 R2 | 344 | 177 098 | 1.04 | -15.8 0.08 | 3.63 | 0.33 | 0.00 | 3.45
6/6/2016 R2 6.39 | 163 | 3.34 | 9.26
6/17/2016 R2 0.78 | 095 | -15.7 | 7.37 | 147 | 3.98 | 10.9
6/21/2016 R2 093 | 102 | -16.0 | 7.77 | 1.28 | 413 | 11.3 | 0.10 | 410 | 0.32 | 0.08 | 3.27
6/30/2016 R2 059 | 0.70 | -154 | 554 | 165 | 3.04 | 821 | 0.07 | 3.40 | 0.43 | 0.06 | 3.46
7/6/2016 R2 0.92
7/28/2016 R2 | 236 | 288 | 739 [ 0.81 | 1.01 | -165 | 7.11 | 157 | 3.80 | 106 | 0.11 | 3119 | 0.21 | 0.00 | 3.31
8/4/2016 R2 | 275 | 1.38 | 7.38 | 1.02 | 1.00 | -16.4 0.11 | 348 | 0.26 | 0.09 | 2.74
9/13/2016 R2 | 2.04 7.24 1.27 | -146 0.10 | 342 | 0.08 | 0.00 | 2.99
9/20/2016 R2 | 2.37 | 0.55 0.12 | 346 | 0.03 | 0.10 | 3.13
9/28/2016 R2 | 4.83 081 | -124 | 5.64 | 2.67 | 2.96 | 8.46
10/4/2016 R2 | 856 | 0.65 0.97 6.90 | 233 | 3.79 | 106 | 0.11 | 3.98 | 0.17 | 0.00 | 4.08
10/12/2016 | R2 | 2.92 | 2.64 | 2.57 | 0.60 6.66 | 233 | 364 | 10.2 | 0.10 | 4.04 [ 0.22 | 0.00 | 4.83
10/18/2016 R2 | 2.34 0.82 766 | 223 | 414 | 116 | 011 | 430 | 0.11 | 0.11 | 3.78
10/25/2016 | R2 | 2.24 | 3.62 1.08 | 117 | -139 | 733 | 2.36 | 438 | 119 | 0.10 | 469 | 0.05 | 0.07 | 4.89
11/1/2016 R2 1.94 1.27 790 | 213 | 444 | 121 | 011 | 409 | 0.01 | 0.10 | 3.51
11/8/2016 R2 | 1.73 101 | 119 | -136 | 793 | 1.86 | 449 | 123 | 0.10 | 3.98 | 0.02 | 0.09 | 3.39
11/14/2016 R2 192 | 281 | 737 | 1.07 | 1.21 | -139 | 792 | 176 | 443 | 122 | 0.09 | 3.81 | 0.00 | 0.00 | 3.34
11/21/2016 R2 1.04 823 | 1.72 | 477 | 13.0 | 0.08 | 3.91 | 0.00 | 0.00 | 3.39
11/29/2016 R2 | 3.53 6.48 8.01 | 249 | 429 | 11.3 | 0.09 | 452 | 0.00 | 0.06 | 3.31
12/7/2016 R2 | 422 | 3.20 | 6.82 518 | 2.14 | 3.12 | 879 | 0.10 | 3.44 | 0.07 | 0.00 | 3.60
12/13/2016 R2 6.88 | 0.78 741 | 164 | 386 | 105 | 0.09 | 3.85 | 0.11 | 0.04 | 3.55
1/4/2017 R2 | 4.46 6.70 482 | 235 | 256 | 713 | 0.06 | 3.43 | 0.16 | 0.00 | 6.18
1/12/2017 R2 | 3.05 6.72 | 0.60 125 | 218 | 322 | 9.04 | 0.09 | 135 | 0.14 | 0.00 | 4.95
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1/19/2017 R2 191 | 3.78 | 715 | 0.89 | 099 | -143 | 786 | 1.32 | 3.75 | 109 | 0.08 | 4.30 | 0.07 | 0.00 | 4.71
1/20/2017 R2 | 2.07 | 3.33 | 6.55 7.87 | 141 | 3.69 | 9.99
1/26/2017 R2 | 3.33 6.90 | 0.67 558 | 163 | 289 | 752 | 0.07 | 3.79 | 0.18 | 0.00 | 6.26
2/2/2017 R2 | 4.42 7.10 | 0.73 1.86 | 047 | 1.29 | 500 | 0.08 | 3.60 | 0.15 | 0.00 | 5.42
2/10/2017 R2 | 2.80 6.80 | 0.73 6.23 | 137 | 351 | 945 | 0.07 | 3.98 | 0.19 | 0.00 | 4.89
2/17/2017 R2 | 224 | 425 | 7.23 | 0.77 0.07 | 3.88 | 0.11 | 0.00 | 4.82
2/24/2017 R2 | 2.08 7.12 | 0.85 6.91 | 138 | 3.66 | 10.0 | 0.07 | 3.74 | 0.00 | 0.00 | 4.22
3/3/2017 R2 6.99 6.61 | 166 | 3.65 | 9.73 | 0.09 | 419 | 0.06 | 0.00 | 4.54
3/8/2017 R2 | 2.56 7.98 6.90 | 1.31 | 358 | 9.73 | 0.08 | 3.85 | 0.01 | 0.00 | 4.18
3/16/2017 R2 | 234 | 398 | 740 | 0.79 | 098 | -135 | 6.31 | 1.18 | 3.53 | 9.41 | 0.07 | 3.81 | 0.07 | 0.00 | 4.15
3/24/2017 R2 | 3.85 7.59 | 0.82 6.72 | 1.21 | 3.68 | 10.1
3/30/2017 R2 745 | 0.85 | 0.93 | -144 | 6.69 | 224 | 3.15 | 959 | 0.07 | 3.75 | 0.03 | 0.00 | 3.83
4/7/2017 R2 | 3.60 7.48 | 0.58 519 | 138 | 291 | 799 | 0.08 | 355 [ 0.14 | 0.00 | 4.96
4/13/2017 R2 7.39 | 0.80 6.58 | 1.29 | 3.76 | 10.2 | 0.09 | 3.82 | 0.04 | 0.00 | 4.82
4/21/2017 R2 7.05 | 0.90 714 | 156 | 390 | 106 | 0.09 | 3.78 | 0.19 | 0.04 | 439
4/28/2017 R2 | 3.26 | 3.77 070 | 0.73 | -147 | 7.91 | 3.04 | 444 | 115 | 0.08 | 3.22 | 0.22 | 0.00 | 5.33
5/5/2017 R2 | 6.34 7.55 516 | 231 | 294 | 760 | 0.09 | 3.84 | 0.33 | 0.00 | 3.79
5/17/2017 R2 7.44 6.99 | 142 | 379 | 10.1 | 0.09 | 3.43 | 0.32 | 0.09 | 3.91
5/26/2017 R2 | 4.18 6.69 | 059 | 0.77 | -153 | 475 | 188 | 277 | 741 | 0.08 | 3.18 | 0.15 | 0.00 | 4.35
5/31/2017 R2 | 2.85 6.98 | 0.76 6.01 | 1.70 | 3.31 | 9.05 | 0.08 | 3.30 | 0.27 | 0.00 | 4.04
6/14/2017 R2 | 5.82 0.43 345 | 249 | 224 | 577 | 0.09 | 2.83 [ 0.16 | 0.00 | 4.83
6/20/2017 R2 | 264 | 405 | 6.70 | 0.74 6.11 | 168 | 3.28 | 881 | 0.09 | 3.27 | 0.26 | 0.00 | 4.23
6/26/2017 R2 | 2.69 7.60 | 0.78 488 | 140 | 272 | 826 | 0.08 | 3.46 | 0.26 | 0.00 | 3.77
7/7/2017 R2 | 2.87 713 |1 081 | 081 | -152 | 6.66 | 1.89 | 362 | 952 | 0.11 | 3.70 | 0.38 | 0.00 | 3.73
7/25/2017 R2 711 | 080 | 097 | -153 | 6.40 | 199 | 348 | 940 | 0.08 | 3.41 | 0.27 | 0.09 | 381
8/2/2017 R2 7.20 766 | 152 | 427 | 114 | 0.08 | 3.46 | 0.25 | 0.05 | 3.63
8/10/2017 R2 | 214 | 355 | 7.23 1.05 | -149 | 690 | 162 | 402 | 109 [ 0.08 | 351 | 0.30 | 0.03 | 3.14
8/15/2017 R2 726 | 099 | 0.73 | -13.1 | 3.90 | 229 | 266 | 750 | 0.08 | 2.79 | 0.12 | 0.00 | 2.43
8/28/2017 R2 748 | 1.70 | 408 | 11.2 | 0.08 | 3.43 | 0.18 | 0.04 | 3.29
9/6/2017 R2 717 | 177 | 390 | 10.7 | 0.08 | 3.46 | 0.10 | 0.05 | 3.12
9/20/2017 R2 1.73 | 3.64 1.06 | 1.25 | -156 | 738 | 194 | 398 | 11.2 | 0.07 | 416 | 0.10 | 0.06 | 3.74
9/25/2017 R2 1.72 | 3.85 1.06 761 | 193 | 420 | 11.8 | 0.08 | 3.98 | 0.06 | 0.04 | 3.75
10/6/2017 R2 | 215 | 284 [ 7.70 7.73 | 206 | 461 | 126 | 0.09 [ 3.94 [ 0.00 | 0.00 | 3.34
10/13/2017 | R2 6.94 0.09 | 402 | 0.00 | 0.16 | 2.85
10/19/2017 | R2 6.90 110 | -144 | 650 | 2.27 | 395 | 106 | 0.07 | 420 | 0.12 | 0.00 | 3.41
10/25/2017 | R2 7.49 537 | 239 | 332 | 9.07 | 0.08 | 427 | 0.10 | 0.00 | 3.58
10/30/2017 | R2 7.80 6.94 | 187 | 410 | 109 | 0.07 | 419 | 0.12 | 0.06 | 3.29
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