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GIS and Spatial Assessment

Diffuse nutrient analysis at a watershed-scale is facilitated through quantitative
methods in which sediment-P concentrations are targeted. These methods are based on a
sound knowledge of an area's lithology, land use, soil infiltration, slope, drainage area,
and drainage network. Land use, slope, drainage area and network are responsible for
controlling overland flow of polluted sediment, while soil infiltration and lithology are all
responsible for subsurface activity. Surface activity can be quantified on a regular basis,
while subsurface activity is very complex and beyond the scope of this study. All of
these factors have different effects on P concentrations depending on the particular
stream reach. When quantifying P concentrations at a watershed-scale it is important to
delineate sub-watersheds directly upstream from each survey location (Chalmers, 1998).
All of the landscape factors can then be calculated in each minor watershed and pieced
together to reveal a patchwork of possible sediment-P contamination areas.

What is geographical information system (GIS)? In the strictest sense, a GIS is a
computer system capable of assembling, storing, manipulating, and displaying
geographically referenced information, i.e. data identified according to their locations
(Borden, 1999). They also provide both database management (creation, update, query,
control) and graphical display (essentially mapping) of spatially distributed data
(Paniconi et al., 1999). The theoretical framework for this integration science is anything
but modem. On the walls of caves near Lascaux, France, Cro-Magnon hunters drew
pictures of the animals they hunted 35,000 years ago. Associated with the animal
drawings are track lines and tallies thought to depict migration routes (USGS, 1997).
These early records followed the two-element structure of modern geographic
information systems: a graphic file linked to an attribute database.

Since its mainstream introduction during the late 1970's, GIS’s have facilitated
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large project organization and have been applied to varying academic and scientific
career fields. Basically, there are three areas of interest when dealing with GIS: specific
interest in GIS (both theory and applications), interest in applied spatial data analysis, and
interest in the theory and methods of spatial data analysis (Goodchild, 1992). The
environmental science and resource management fields have been more concerned with
the applications of GIS, which include the capabilities of storing complex field data,
expressing spatial and temporal trends among study sites, and portraying these findings to
colleagues of varying mapping savvy.

A few examples of the marriage between GIS and water resource management are
the storage of information about a location, topology, and attributes of spatially
referenced objects (such as rivers, wetlands, political boundaries, and roads). GIS's can
also provide analysis of the spatial properties (such as length, area, and perimeter) of
these geographic objects (Leipnik et al., 1993). Furthermore, (Downs and Priestnall,
1999) designed a GIS system for the purpose of understanding the sensitivity of a river
reach to cumulated drainage basin factors and (Paniconi et al., 1999) attempted to
understand the spatio-temporal behavior of hydrologic processes at a drainage basin
scale.

Another group of researchers has focused less on the existing hydrologic
implications and more on the ability to predict outcomes using modeling capabilities
(Mankin et al., 1999; Ahl, 1994; Milne and Sear, 1997, Middelkoop and Van Der Perk,
1998). Prediction of outcomes is the core element of spatial modeling at a watershed-
scale. Paralleling the recent national interest in targeting nonpoint sources throughout
watersheds, GIS researchers have been giving more attention to modifying existing
systems and using imagination for the purpose of monitoring such diffuse sources. In
particular, when dealing with agricultural watersheds, “advances in combining GIS with
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wet fine-grained sediment in that area. The results from these six sample locations are
important baseline information for this study and are referred to in discussion, however
they are not included in the spatial model because their values serve as controls.

A Garmin™ 12X GPS unit was used to store the geographic locations of the
samples for later GIS facilitation and for possible re-sampling at a particular site. Prior to
fieldwork, a line file showing the Kings River was uploaded into the GPS unit using
Waypoint + ™ software to make navigation easier once on the river. Each location was
numbered to coincide with its sample bag and other major landmarks were marked for
reference. In addition to the sediment samples, pictures and detailed journal notes were

compiled for supporting information.

Sediment Processing

The partially dried samples were returned to SMSU for three different steps of
sediment processing techniques.

First, the samples were put through pre-processing to prepare them for further
analysis. Samples were dried in industrial ovens at a steady temperature of 60 degrees to
evaporate any possible moisture content that was still present. The dried samples were
then ground and sieved through a 2 mm sieve to separate out the bulk of the fine-grain
fraction. The 2 mm portion of each sample was then put back into its original bag and
used for the remaining lab procedures.

Second, all of the samples were analyzed in the SMSU geomorphology lab for
percent organic matter content and percent sand fraction. For the organic matter (OM)

procedure, laboratory crucibles were weighed for their empty weights. The scale was
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for all ninety-five samples in groups of twenty samples. The beakers were then left to sit
overnight for the natural coagulation of the sand particles at the bottom of the beaker and
collection of fine-grain particles near the top of the beaker. The next day, each beaker
was decanted, or carefully poured, to leave only the sand particles settled in the beaker.
This sand was then directly put into a 0.63 um sieve and oscillated under running water,
which is known in geomorphology as wet sieving. In general, this process is cleaning the
sand and making sure any un-wanted debris or fine-grain particles are not stuck to the
sand particles. After wet sieving each sample and placing them back into the same
beaker, they were placed in an oven at 110 degrees for two hours to evaporate any water
still in the sample. The samples were weighed one last time with only the sand fraction
present and this number was subtracted from the pre-burn beaker and sediment weight to
obtain the final sand fraction percentage. The final number was recorded as the total sand
fraction percentage for each of the ninety-five sediment samples.

The third and final step during the sediment processing procedures involved
separating out five grams of each sediment sample, putting them in numbered bags, and
sending them to Chemex geochemical lab in Sparks, Nevada. One gram of sediment was
extracted with aqua region, hot 3:1 ratio Hcl: HNO; Geochemical ring and Inductively-
Coupled Plasma (ICP) spectroscopy were then used to read the actual constituent
concentrations. The 32-constituent ICP analysis was the primary analytical technique
and the numbers from this process are the numbers that were used in various statistical
analysis routines for this study. Although results from Chemex included thirty-two

different geochemical elements inlcuding nutrients and trace metals, only five trace
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Table 4.1. GIS databases and agency sources.

DATABASE AGENCY DATA SOURCE
Poultry Houses ADEQ httn-/lyww.adeq. state.ar.us/
Land Cover CAST - AR GAP nttp://www.cast.uark. edu/gap/
Geology CAST __ http //erww.cast.uark.edu/
Soils USDA-NRCS nttp://www.statlab.iastate.edu/soils/nsdaf/
Roads, Counties | US Census Bureau http://www .esri.com/data/online/tiger/
etc. TIGER Files

using combinations of remotely sensed data (e.g., air photos, air videography, and various
transformations of satellite imagery) along with field data and previous surveys. Each
scene was geocoded to a UTM (NAD 27) coordinate system based on ground control
points (GCP) collected from 1:100,000 scale U.S. Geological Survey (USGS) Digital
Line Graph (DLG) roads (Jennings, 1993; Scott et al., 1993). The initial land cover
categorization included urban, agriculture, and approximately fifty-seven different tree
species. For generalization, this study concentrated on urban, agriculture, forested land
cover, and water (Figure 3.6). Only four categories were chosen because the goal was to
perform a watershed-scale analysis, not a segmented sub-watershed assessment.

The geology dataset was accessed from CAST and the original collaborators were
the Arkansas Geological Commission, the Arkansas Archeological Commission and
Arkansas USGS. The file delineates sixty-one statewide geologic units at a 1:500,000
scale with a raster projection of UTM coordinate system zone 15 and a North American
Datum of 1927 Clarke 1866 spheroid datum. The digital dataset was digitized in 1976
and no unknown updates have been attempted. Because of the very detailed mapping
scale that was involved with the original file, only the major geology units of sandstone,
shale, dolomite, and limestone were used for this study (Figure 3.4). The percentage of
each of these four units was calculated for each sub-watershed above the sampling sites

to explain possible geochemical relationships. Subsidiary references included spoken
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communication with the Arkansas Geological Commission (Braden, 2000) and field
pictures of streambed rock units at several sampling locations.

The soils information was adapted from the USDA-NRCS National Soil Survey
Center's Soil Survey Geographic (SSURGO) database. This database is a collection of
digitized map units from the original county soil surveys provided by extension offices
throughout the nation. A total of nineteen soil attributes are available in table and file
format, however, only the series names were used for this study. The soil geographic
layer was not part of the statistical analysis, however, it was useful during discussion of
geologic weathering and résulting soil formation.

Poultry house locations were first interpreted from aerial photos and later updated
when the Arkansas Department of Environmental Quality provided a p(;int file of
individual houses. Houses that are no longer in operation were deleted. A poultry index
was created to account for the quantity of poultry houses in sub-watersheds above each
sample site. To account for varying drainage areas, the number of poultry houses was
divided by the drainage area in each sub-watershed to obtain an index number that
reveals the intensity of houses per square mile. This index number was then used for
statistical and graphing purposes.

Some miscellaneous watershed files were also needed to facilitate map production
that included roads, county boundaries, city boundaries, and streams. These files were
downloaded from the U.S. Census Bureau's 1995 Topologically Integrated Geographic
Encoding and Referencing (TIGER) files database. This is a comprehensive GIS
depository for geographic information that was originally compiled from the 1990
Census and later updated in 1995. In addition to these subsidiary files, water column
Total P data was obtained from two ADEQ fixed sampling gauges to create a point
source loading index (PSLI) that accounted for the amount of P being released from the
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Berryville wastewater treatment plant in any given year. This information was used as
secondary explanation of possible high sediment-P values in the Kings River below the

Osage Creek confluence.

Statistical Analysis

The two types of statistics used for this study were single and multivariate
regression. Single-variate regression was performed using Microsoft Excel graphing and
calculating procedures and multivariate regression was performed with SPSS statistical
software. Linear regression estimates the coefficients of the linear equation, involving
one or more independent variables, that best predict the value of the dependent variable.
A trend line with an "r*" value reveals either a positive or inverse relationship between
the two variables, An "r*" value of 1.0 is a perfect positive relationship and a value of -
1.0 is a perfect negative relationship. Values within this range represent the strength of
the relationship with values closer to either 1.0 or -1.0 being the strongest.

The primary benefit of multivariate regression is the ability to assess several
relationships in one large data matrix. Independent and dependent variables are still
used, however several chosen independent variables can be compared simultaneously.
SPSS statistics software allows the user to form a data matrix from an existing Microsoft
Excel file and cross-referencing columns can reveal quick results. The goal is to find the
independent variables that predict the variance among dependent variables. Variables
can be added and deleted in order to come up with proper statistical validity. For

example, the independent variables agriculture, forested, and urban land use; poultry
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Figure 5.13. Relationship between sediment- sand and sediment-aluminum.
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Figure 5.16. Relationship between sediment-P and sediment-iron.
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Figure 5.18. Relationship between sediment-iron and sediment-manganese.
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Ca, could be used to assess sediment-P trends. A P:Al ratio detected high P levels in
relation to Al in the Upper and Lower Kings. High Fe and Mn concentrations were
detected in the shale/sandstone rock units of the Upper Kings and both ﬁlinerals were
correlated with sediment-P concentrations. High Ca percentages were detected in the
Lower Kings where limestone/dolomite bedrock may be producing carbonate-rich
sediment. Therefore, data suggest that background sources of P do exist in the Kings

Basin and geochemical minerals do affect the intensity and geography of NPS pollution.

Land Use Influences

Once sediment composition variables and their effects were isolated, it was easier
to assess relationships between nonpoint sources and land uses. The three main land
uses assessed in this study (% forested, % agriculture, and % urban) were compared with
sediment-P concentrations to assess watershed-scale trends. In addition to agricultural
assessment, the poultry index was evaluated to find the actual influence from poultry land

use.

Agriculture

First, sediment-P was plotted against the percentage of agriculture upstream from
each sampling location (Figure 5.23). As expected, there existed a positive relationship
between P and % agriculture. The relationship was not too strong, which may be
explained by the fact that background sources and sediment composition can mask

relationships at the sub-watershed-scale.
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Figure 5.23. Relationship between sediment-P and agricultural land use.
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It may appear odd that a watershed with 472 chicken houses has so much forested
land. However, chicken houses on relatively small tracts can be placed just about
anywhere with little land or maintenance required. For the most part, however, chicken
houses are found on large, open tracts of agricultural land that has been previously used
for open grazing or row crop production. The houses serve as sound structures that
represent possible re-application of chicken fertilizer on nearby fields.

Taking the above comments into consideration, it was necessary to assess just
how much the chicken houses were affecting NPS loadings in the watershed. The poultry
index (# of upstream poultry houses/drainage area), which was described earlier in the
study, was compared with sediment-P concentrations. The raw PI index value was
multiplied by ten and the resulting score was placed into one of three risk categories: low
risk (0-5), medium risk (6-20), high risk (21-48). Piney and Clabber creeks had the
highest risk values because of the high density of poultry houses in relatively small
drainage areas (Figure 5.24). Both creeks had the highest mean agriculture percentages
in the watershed, which indicates the close association between poultry houses and other
forms of agriculture, mainly cattle pasture in the Kings Basin. The highest index value
(9.8) was at site 75 in the Piney Creek sub-watershed. This value suggests that, relative
to its drainage area, the sub-watershed directly above site 75 is at most risk of nonpoint P
from broiler houses. However, its sediment-P concentration was 310 ug/g, which is
relatively low compared to other sediment-P values (Appendix B).

This is a good example that the PI is only a risk assessment and connecting
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nonpoint sources with one particular area of chicken houses is impossible to do without
further field-scale analysis. There are other factors that could have caused the value at
site 75 to be somewhat low, including background sources of P, low chicken occupancy
in the houses, or variations in P-rich broiler waste application on upstream fields. The
highest P concentration (1280 ug/g) was associated with the lowest index value (0.0)
because this

site's drainage area was void of broiler houses and dominated by Berryville's wastewater

treatment plant.

Forested

It was expected that there would be a strong negative relationship between
sediment-P and percent forested land use because of the high percentage of forested land
use in the Kings River Basin (Figure 3.6) and the pristine conditions that are most often
found in these areas. As expected, there existed a weak negative relationship
between forested % and P (Figure 5.25). Although weak, the relationship reveals that
forested areas are a’g less risk of elevated sediment-P concentrations than agricultural

areas, and variability can be affected by background sources and sediment composition.

Urban

The plot comparing urban land use percentages and sediment-P concentrations
was removed because the 0.1 % overall urban land use was not enough to see spatial
relationships. Instead, the five sites on Osage Creek and the sites immediately above and

below the Kings River confluence were graphed with their corresponding sediment-P
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concentrations (Figure 5.26). The highest sediment-P concentration in the watershed
(1,280 ug/g) was detected nine miles upstream of the Kings River where Freeman Branch
drains the Berryville wastewater treatment plant. The concentration at site 84 just
downstream of Freeman Branch on Osage Creek is considerably lower suggesting the P

is moved rapidly downstream to lower-energy areas. However, the continuous loading
from this treatment plant is apparent further downstream of Osage Creek on the Kings
River where the P levels are higher than they are above the Osage confluence (Figure

5.2). Data suggest that there is not enough urban land use in the watershed to make
assumptions about relationships with sediment-P, however the only wastewater treatment
plant at the City of Berryville did to prove to be the largest and most continuous source of

sediment-P pollution in the watershed (Figure 5.26).

Relationship with Sediment-P

Land use percentages had good relationships with P concentrations (Figure 5.27).
The P:Al ratio was used instead of the raw sediment-P values because the ratio is a better
representation of possible nonpoint P sources by minimizing other sediment composition
variables. The Upper and Middle Kings had four similar trends: predominate forested
land use, some of the lowest agricultural land use in the watershed, a low to moderate
potential for fine-grained sediment-P, and a low risk of being affected by broiler waste
fertilization. The Lower Kings was slightly different with the second highest risk of fine-
grained sediment-P, an average percentage of forested land use, and a low risk broiler

waste fertilization.
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Figure 5.26. Sediment-P concentrations below Berryville wastewater plant.
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and sediment composition effects can be differentiated from land use sources to gain a
better understanding of overall nonpoint P sources. Regression analysis, a component of
spatial modeling, allows for the determination of relationships among specific variables.
By eliminating variables with weak correlation, the variables that best describe the

dataset can be detected and used to develop a "best-fit" regression model.

Pearson Correlation

Several variables were entered into a data matrix for comparative statistical
analysis (Table 5.3). The top value in each box is the r* value, the nﬁgldle value is the
significance value that reveals the possibility of exceeding that particular value at the
0.01 or 0.05 significance levels, and the bottom value represents the number of samples
used in the data matrix (87 samples remained after removing extreme outliers that were
discussed previously). Overall, there was good autocorrelation among the variables.
Some key findings include the good relationship between sediment-P and OM, Sand, Fe,
Mn, Al, and Ca. Second, PI was positively correlated with % agriculture and negatively
correlated with % forested. Third, OM was weakly correlated with % agriculture and
negatively correlated with % sand. Fourth, Mn was strongly correlated with Fe and Al
(Table 5.3). These findings parallel single variable regression results that showed strong
influences from sediment composition (Figures 14-22), sediment geochemistry (Figures

23-32), and varying land use (Figures 33-37).
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Table 5.4. Linear regression output of multivariate regression.

Model Summary

Adjusted R | Std. Error of

Model R R Sguare Square the Estimate
1 7952 632 628 117.1%
2 .864° 747 741 97.6¢
3 .903°% 816 .809 83.8:
4 9124 831 a3 80.82
916° .839 79.39

a. Predictors. {Constant), SAND
b. Predictors: {(Constant), SAND, FE

©. Predictors: (Constant), SAND, FE, AL

d. Predintnre (Cnnatantt SAND FFE AL OM

ANOVA
I Sum of
ra-ta) Squares df Mean Square F Sig.
A Regression 2004544 1 {2004543.651 145.999 . .000
Residual 1167038 85 13729.858
- Total 3171582 86
2 Regression 2370005 2 |1185002.283 124.180 .000
Residual 801577.0 84 9542.584
Total 3171582 86
3 Regression 2588258 3 | 862752.636 122.759 .000
Residual 583323.7 83 7027.996
Total 3171582 86
4 Regression 2636010 4 | 659002.553 100.898 .000
Residual 535571.4 82 6531.358
Total 3171582 86
5 Regression 2661093 5 | 532218.L4s 84.448 .000
Residual 510488.9 81 6302.332
Total 3171682 86
Unstandardized Standardized
Coefficients Coefficients
Model L e St Error Beta 1 Sig.
™7 (Constan) |  /ow.d48 50.428 15.650 1000
SAND -6.878 569 -795 -12.083 .000
2 (Constant) 604.821 51569 11.728 .000
SAND -5.784 508 -.669 -11.421 .000
FE 76.153 12.305 362 6.189 000
3 (Constant) 1078.737 95869 11.252 000
SAND -10.538 957 -1218 -11.007 .000
FE 135,899 15049 646 9.031 .000
AL -353.725 63.475 -749 -5.573 000
4 (Constant) 855.753 123.863 6.909 .000
SAND -8.377 1221 -.968 -6.861 000
FE 127.310 14.851 606 8572 000
AL -299.965 64.340 -835 -4.662 .000
OM n fan 4.028 210 [ 008
B (Constant) 121673 o 000
SAND 1.200 -.981 -7.068 000
FE 14589 607 8.740 000
AL 63.276 -.648 -4.837 .00¢
oM 3987 191 2.483 01%
PIv 6.797 091 1.995 049 |
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Application of Regression Model

Efficient nonpoint source assessment depends upon the ability to predict nutrient
levels as close to the actual values as possible. The margin of error between actual P
values and total predicted P values was minimal for all reaches (Figure 5.31). The slight
under-estimation in most reaches may be due to the fact that the prediction model isolated
the dominant sediment composition and land use variables, whereas the original
sediment-P values were masked by these variables and represented a more general range
of concentrations (Figure 5.3).

It is more important, however, to concentrate on efficient prediction of the
anthropogenic nonpoint P sources, since less is known about their extent. There was a
gradual increase in Middle Kings anthro P values, which may be explained by the very
high Piney Creek values (Figures 5.32 and 5.33). A second increase occurred
downstream of the Osage Creek. Although the wastewater treatment plant sample site
(83) was removed from analysis, this trend may still be affected by the continuous point
source loadings that are affecting all downstream sediments. This assumption is verified
by total P water column data taken from ADEQ fixed sampling gauges above and below
the Berryville wastewater plant and a gauge below the Osage Creek confluence on the
Kings River. Data reveal higher mean TP values in Osage Creek below the treatment
plant than above, as well as moderately high values at the Kings gauge (Table 5.5).

A different perspective shows less threat from Osage Creek and a more realistic
threat from Piney and Clabber creeks, which were previously targeted for nonpoint P

source risk due to chicken house densities (Figures 5.34 and 5.35). Further analysis using
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threat on the Lower Kings and more threat on the Middle Kings and Piney Creek where
the most broiler houses are found. An enrichment ratio (total predicted P / background P)
showed Piney and Clabber creeks to have the highest predicted NPS values, as was
similar to the original, observed sediment-P values. Credibility was given to the
prediction capabilities of the regression model, which will aid resource managers in

future Kings River watershed-scale studies.

4. This study gives credibility to the integration of streambed sediment surveying
and GIS analysis in Ozarks watersheds.

This study used a less-popular medium for fluvial assessment (sediment surveying) and
coupled it with modern technology (GIS technologies) to spatially analy’fze the variability
of NPS sediment-P at a watershed-scale. Sediment monitoring has advantages over water
column monitoring in that samples are cheaper to process, sediment can concentrate a -
greater range of elements, and sediment reflects fluvial processes over a longer period of
time. The Kings River has never been studied at the basin-scale, therefore this study not
only established useful nutrient references and baseline data, but also added to the
minimal knowledge of NPS dynamics throughout Ozarks watersheds where tourism is
needy of good water quality. Future streambed monitoring studies can use this study as
a guide or literature reference to enhance such methodologies and specific sampling sites
could be re-visited for a follow-up study by using the compiled GPS coordinates
(Appendix A). Also, since some areas were targeted more for nonpoint sediment-P than
others, such as chicken house locations, resource managers or academic researchers can

better control these areas from further water eutrophication and sediment erosion.
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note that these best management practices are crucial in detouring future agricultural NPS
sediment-P degradation and they are the only ally most remote farmers have.

Administers of these plans are diligent about collecting a soil sample, balancing fertilizer
application with natural nutrient levels, and continuously monitoring farmer progress.

Our market-driven economy has deflated traditional crop agriculture resulting in
secondary, easily managed farm occupations, such as contract poultry production, that
will allow the farmers to remain on their family property. Since the Kings River Basin is
a relatively large and economically poor watershed, modern and expensive best
management practices are not going to be implemented with enthusiasfn. Therefore, it
will be important for environmental resource managers to maintain good landowner

relations and consistently provide updates to conservation practices.
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Sample Concentrations and Percentages - page 1

Site  Location PV Broilers OM% SAND%  Sed-P Al% Fe% Ca% Mn(ppm)
1 Kings _ 1.1 1 4.6 ~9 470 1.3 4.4 0.08 2230
2 Kings 1.1 16 1.9 0.0 500 0.8 57 0.03 1080
3 ‘ngs 0.7 17 1.8 90.3 310 0.6 33 0.16 555
4 nings 0.3 17 1.4 96.4 380 0.6 37 0.05 445
5 Kings 0.3 20 1.8 85.6 280 0.5 22 0.08 545
6 Kings 0.3 28 1.5 94.0 220 n4 17 0.08 125
7 Kings 04 49 1.0 94.5 140 UL 1.2 0.04 170
8 Kings 0.4 49 0.6 98.2 110 0.2 1.0 Q.n= 240
9 Kings 0.4 49 0.8 927 120 0.2 0.7 0.Uo 90
10 Kings 0.4 49 1.1 4.4 140 0.2 1.0 0.06 105
11 Kings 0.4 49 0.3 98.5 60 0.1 0.7 0.03 140
12 Kings 0.4 49 0.3 99.1 70 0.1 0.7 0.02 95
13 Kings 0.4 49 0.3 98.8 70 0.1 0.7 0.04 85

14 Kings 0.4 57 0.4 97.0 70 0.1 0.7 0.04 125
15 Kings 0.5 73 11.1 39.9 380 0.8 1.9 0.6 405
16 Kings 05 73 25 81.1 160 03 1.0 0.23 180
17 Kings 05 73 0.3 97.9 7 0.1 06. 0.03 140
10 Kings 0.5 73 0.6 94.5 100 0.2 0.7 0.05 190
19 Kings 0.5 74 0.3 98.3 70 0.1 0.5 0.03 45
20 Kings 0.6 97 0.6 96.8 80 0.2 0.6 0.06 180
21 Kings 0.6 97 0.3 98.9 50 0.1 0.5 0.03 85
22 Kings 0.6 97 0.4 96.6 60 0.1 0.5 0.03 65
23 Kings 0.7 155 0.5 99.1 70 0.1 0.7 0.03 85
24 Kings 0.7 155 5.6 98.2 80 0.1 0.6 0.04 80
~ i-gs 0.7 155 0.4 99.1 50 0.1 ne 0.03 85
20 RnINgs 0.7 155 16.6 87.5 130 0.3 v 0.13 71

27 Wiman 0.7 155 0.4 90 4 70 0.1 0.6 0.03 35
28 NIYS 0.8 219 4.0 8b.u 270 0.5 1.0 0.38 285
29 Kings 0.8 219 05 97.5 80 0.1 0.7 0.05 80
30 Kings 0.8 219 0.5 ~r2 80 0" 0.6 0.1 120
31 Kings 0.8 219 0.3 v5.9 60 0.1 0.6 J.05 80
32 Kings 0.8 227 0.4 98.3 60 0.1 05 0.1 85
33 Kings 0. 227 0.8 95.7 60 0.1 0.6 0.07 105
34 Kings 0.8 227 0.3 985 50 0.1 0.5 0.08 55
35 Kings 0.8 227 0.3 99.1 50 0.1 0.5 0.01 20
36 Kings 0.8 227 1.1 87.1 130 0.3 0.8 0.12 340
37 Kings 0.8 227 0.4 99.3 70 0.1 0.6 0.03 100
38 Kings 0.8 227 0.4 95.4 70 0.2 0.6 0.05 135
39 Kings 0.8 227 0.3 99.0 110 0.2 1.4 0.05 205
40 Kings 0.7 227 0.4 98.6 100 0.2 0.9 0.05 185
41 Kings 0.7 227 8.9 96.9 50 0.1 04 0.03 85
42 Kings 0.7 227 0.4 98.7 50 0.1 0.5 0.04 45
43 Kings 0.7 227 0.3 98.2 40 0.1 0.4 0.03 40
44 Kings 0.7 233 0.~ 96.7 60 0.2 0.5 0.06 70
45 Kings 0.7 233 0. 98.8 50 0. ne 0.06 90
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Sample Concentrations and Percentages - page 2

Site  Location PV Houses OM% SAND%  Sed-P Al Fe% Ca(%) Mn(ppm)
46 Kings 0.7 233 0.2 98.7 40 0.1 0.4 0.04 65
47 Kings 0.7 233 0.2 98.0 40 0.1 0.4 0.05 70
48 Kings 0.7 233 0.2 99.1 90 0.1 0.7 0.04 120
49 Kings 0.7 233 0.3 98.1 100 0.1 06 0.07 125
50 Kings 0.8 403 0.7 98.4 60 0.1 0.4 0.05 85
R4 Kings 0.8 412 0.4 98.6 80 0.1 0.5 0.06 80
—e Kings 0.8 412 1.0 91.1 150 0.2 0.7 0.33 125
53 Kings 0.8 412 0.7 "1 150 0.2 ~n 0.14 205
54 Kings 0.8 416 04 u3.1 70 0.1 u.0 0.03 105
55 Kings 0.8 461 0.7 921 160 0.3 0.8 0.12 245
56 Kings 0.8 461 0.3 98.2 90 0.1 0.6 0.06 85
57 Kings 08 461 4.0 69.2 360 0.5 1.1 0.78 300
58 Kings 0.8 461 0.7 93.7 130 0.2 0.6 213 125
59 Kings 0.8 461 7.1 41.3 340 13 1.6 U.89 1000
60 Kings 0.8 461 3.0 51.6 310 0.5 1.1 0.6 320
61 Kings 0.8 461 0.4 98.9 190 0.2 13 0.05 220
62 Kings 038 461 0.3 98.4 90 0.1 0.7 0.06 110
65 | Sweden or '_ " 1.1 96.5 380 0.5 2.4 0.1 600
66 | Sweden 0.u u 1.2 94.8 210 0.4 2.0 0.07 675
67 | Sweden 0.0 0 1.1 95.8 270 0.4 2.1 0.09 620
68 | Dry Fork 0.0 0 1.9 95.4 220 0.4 1.9 0.09 295
69 | Dry Fork 0.1 1 2.3 92.7 310 05 26 0.16 555
70 | Dry Fork 0.7 23 0.9 97.0 160 0.3 1.6 0.09 295
71 | Dry Fork 0.9 45 0.5 98.6 90 0.2 0.8 0.06 85
72 Pine 0.0 ¢] 33 42.9 180 1.8 20 0.27 1010
73 Pine 0.0 0 1.6 90.2 210 0.6 11 0.16 540
74 Pine 17 13 1.0 94.3 100 0.5 1.0 0.05 780
75 Piney 9.8 20 33 84.1 310 0.7 2.1 0.31 295
76 Piney 47 59 0.5 973 130 0.2 1.1 0.12 2nn
77 Piney 3.8 84 5.9 59.6 610 0.7 1.7 1.12 26y
78 Piney 3.4 87 1.1 94.5 180 0.5 1.2 0.17 655
79 Piney 2.3 93 0.6 98.8 70 0.2 0.7 0.06 195
80 Osage 03 25 0.8 93.3 180 0.2 15 0.1 305
81 Osage 0.6 66 77 40.6 560 0.9 2.0 0.68 1050
82 Osage 1.0 135 55 66.3 350 05 1.5 0.54 535
83 | Freeman 0.0 0 10.2 36.8 1280 0.8 1.7 2.51 1190
84 Osage 1.0 148 23 75.7 300 0.4 12 0.4 400
85 Bee 0.0 0 3.9 21.3 170 2.1 27 0.26 925
86 Bee 0.0 0 11.7 241 640 1.1 14 0.59 1130
87 Bee 0.0 0 12.8 21.9 980 1.3 1.8 0.71 1630
88 | Clabber 2.6 7 15.0 21.1 830 1.2 1.6 3.36 950
89 | Clabber 3.0 7 11.4 427 720 0.9 1.6 35 950
90 | Clabber 3.3 24 8.0 51.6 450 1.0 19 1.55 1160
N Clabber 3.1 33 12.2 21.0 620 1.2 1.6 2.65 620
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APPENDIX C

"Units Guide"
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Units Guide

UNIT

DESCRIPTION

Latituae, Longitude

UTM Zone 15 Coordinate System

Area Ureinage area above each sample locati~n in sq. miles
Riv. Mi. Distance from headwaters to each sample 1ocation in miles
AG, Forest, Urban Percent of each use in drainage area above sample locations
PV # of chicken houses divided by each sample's upstream drainage area
broilers Total # of chicken houses above each sample location
OM, Sand Percentage of each sediment sample
Sed-P P concentration of each sample as measured in #g/g
Fe, Al, Ca Percentage of each sediment sample
Mn Mn concentration of each sample as measured in ppm
s_stone, shale, dolo, Percentage of each bedrock unit in the drainage area above each
lime monitoring location

10,000 ppm = 10,000 ug/g = 10,000 mgkg = 1%
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