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Hazard/Risk Assessment of the nitrate contamination
In the Seymour aquifer

Introduction and Problem Statement:

The rural agricultural setting of the Rolling Plains in north-central Texas is a major agro-
economic region that is strongly dependent on its groundwater resources. Substantial deterioration of
the groundwater quality has been observed in the Rolling Plains which overlays the Seymour aquifer.
The Seymour aquifer provides water to the Rolling Plains area for domestic, irrigation, livestock and
municipality uses. However, irrigation accounts for approximately 90% of the water pumped from wells
(Chaudhuri and Ale, 2014). The Seymour aquifer is a shallow unconfined aquifer and is one of the nine
major aquifers in Texas. It consists of isolated areas of alluvium that are erosional remnants that were
left scattered as discontinuous, physically and hydraulically disconnected clusters or “pods” (USGS,
2009). Concurrently, the groundwater of the Seymour aquifer is under threat of continuous elevated
levels of nitrate concentrations which pose a growing health concern. The safe drinking water standard
for nitrates set by the Environmental Protection Agency is 10 mg/L. The consumption of high levels of
nitrates, specifically by infants less than 6 months of age, can cause methemoglobinemia or “blue baby’s
syndrome.” Because of health concerns and the prevalent use of groundwater for irrigation, it is critical
to understand the dynamics of nitrates and their correlated sources (Chaudhuri and Ale, 2012).

Nitrate levels in groundwater require investigation, as they are a critical issue within the Rolling
Plains region of Texas. Using the ArcGIS software for analyzing, spatially, the components surrounding
the nitrate contamination, the purpose of this project is to evaluate correlations between the land cover
of cultivated crops, the nitrogen-fertilizer use by county, and the median nitrate levels in the

groundwater of the Seymour aquifer by county.



Anderson 1

Data Sources:

All of the data collected was able to store the applicable metadata associated with the
downloaded files from the internet. The point data, downloaded and imported through Excel and into
ArcMap, accompanied the GIS data. See “Data Preprocessing” for more info.

e National Map Land Cover raster data (Conterminous US):
http://www.mrlc.gov/nlcd11_data.php; nlcd_2011_landcover_2011_edition_2014_10_10 is the
compressed folder that is downloaded. Extracting the files from the folder allows for adding the
raster file that shows the land cover usage in the conterminous United States with a pre-
assigned color scheme. Value 82 is assigned to cultivated crops (i.e. agriculture).

o Texas feature datasets from Lab 2 data: Quad75 —a 7.5’ quad map extent of Texas

e Major Aquifers shapefile: http://www.twdb.texas.gov/mapping/gisdata.asp

o Texas_counties shapefile from Lab 3 data: Texas_counties.shp

e State of Texas Boundary shapefile: http://www.landsat.com/texas-free-gis-data.html

e Water Quality report for Seymour Aquifer in regard to NO; concentrations in wells in the last
10 years: http://www.twdb.texas.gov/groundwater/data/gwdbrpt.asp

e County-level estimates of Nitrogen from Commercial fertilizer for the Conterminous United
States, 1987-2006: https://catalog.data.gov/dataset/county-level-estimates-of-nitrogen-and-

phosphorus-from-commercial-fertilizer-for-the-1987-2006

Data Preprocessing:

One of the first and important steps to consider for this project, in analyzing the Seymour
aquifer, is finding data that spatially relate to each other. Since the major components involve land
cover usage, nitrate concentration well data, and fertilizer usage by county in the US, there were a few
steps that would lead to the culmination of this data working together in ArcMap. The land cover data is
sourced from the National Land Cover Database 2011 (NLCD2011) in a raster dataset of the
conterminous US. Once the NLCD data is imported into ArcMap (Figure 1), the data needed for Texas
only in relation to the land cover data is extracted for later analysis. The “Extract by Mask” tool was used
in placing the Quad75 (a 7.5’ quad map extent of Texas) as the mask for the conterminous US land cover
raster (Figure 2). The land-cover raster data of Texas is used later in the ArcGIS processing of this

project.



Anderson 2

@ Fes e o,

Fle Bt View

mour squéer - Archsg

Seection Geoprocessing Customize Windows  Help

o 0 Y

IEEE
L Dmming- & A~

orcferencng - Tes sut

BIUA-®-Z-0-

5 Smapping~

al

Figure 1. Land cover raster of the conterminous US.
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Figure 2. Extract by mask the Texas land cover raster data.
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Next, the shapefiles of the Texas counties, the Texas boundary and the major Texas aquifers, imported
into ArcGIS, are available for further manipulation and analysis.

The Groundwater Database of the Texas Water Development Board provides water-quality well
data by contaminant and by aquifer. After selecting to search for well data by searching through “Water
Quality by Aquifer”, Figure 3 shows the necessary information needed to search for the nitrate well data

in the Seymour aquifer of Texas.
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2130301 33°36'30°N  Baylor TI0ALVM 28 TN3/2010 1415 1 123 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 26.69 mg/L
099" 17 03" W Balanced CALCULATED (MGIL AS NO3)
2130301 33°36'30°N  Baylor TI0ALVM 28 TN2015 1115 1 10 23 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 271 mglL
099° 17 03" W Balanced CALCULATED (MGIL AS NO3)
FOWH, not
full pipe
2130319 33°36 16'N  Baylor DALV 33 810/2006 1013 1 124 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 38.96 mg/L
099" 16' 54" W Balanced CALCULATED (MGIL AS NO3)
installed
faucet at
weell
0554811 35°09'56"N  Collingsworth T10ALVM 95 TI26/2006 1345 1 124 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 13.72 mgiL
100° 18 23" W Balanced CALGULATED (MGIL AS NO3)
0554812 35°09'54"N  Collingsworth T10ALVIM 110/ 5/5/2010 0930 1 1023 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 13.28 mgiL
100° 18' 23" W Balanced CALCULATED (MGIL AS NO3)
0554812 35°09'54"N  Colingsworth T10ALVIM 110 810/2015 1558 1 123 7 Analysis 71851 MITRATE NITROGEN, DISSOLVED 10.4 mg/L
100° 18' 23" W Balanced CALCULATED (MGIL AS NO3)
Faucet on
discharge
0561911 35°00°40°N  Collingsworth T10ALVM 90 7/27/2006 0955 1 124 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 120.86 mgiL
100° 22 39" W Balanced CALCULATED (MGIL AS NO3)
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1205911 34°54'12°N  Collingsworth 110ALVM 90 5/5/2010 1800 1 1 23 7| Analysis 71851 NITRATE NITROGEN, DISSOLVED 68.18 mg/L
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1205911 34°54' 12N Colingsworth 110ALVM 90 7/29/2015 1615 1 1023 7 Analysis 71851 NITRATE NITROGEN, DISSOLVED 37.1 mglL
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Faucet on
discharge
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Faucet an
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Figure 3. Water quality data showing nitrate-nitrogen (nitrates) concentration levels observed through wells.

To extract the data, click on the “Export Drop Down Menu” and then click on “CSV (comma delimited)”
to export to Excel. The latitude and longitude coordinates change to decimal degrees in Excel format.
The pertinent information copied and pasted to a new Excel workbook, and subsequently imports into
the ArcMap data frame. This information will include: ID number, County, WellDepth, Latitude,
Longitude, and ParameterValue (Nitrate concentrations in mg/L) (Figure 4). Importing these nitrate

concentrations as point data can now be achieved very easily. Now, click “Add Data” through ArcMap
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and browse to the Excel file with the nitrate data for the Seymour aquifer (Figure 5). Right click on the
“Nitrate dataS$” in the table of contents and click “Display XY Data”. In the window that pops up, choose
Longitude for the X field and Latitude for the Y field. Click OK and continue or accept through the
warning message to suggest exporting the data as a shapefile or feature class (Figure 6). Now the point
data displays and in the table of contents the layer of “/Nitrate data$’ Events” can have its data exported
as a feature class. In the “Export Data” window, choose All Features and the data frame’s coordinate
system and save as a feature class in the pre-made personal geodatabase created in ArcCatalog called
“Seymour_aquifer_data.mdb” (Figure 7). The exported feature class can then be added to the data

frame’s table of contents and now displays in ArcMap as the nitrate point data that is needed for further

analysis.

| A B C | D | E F |
1 |ID Count Well Depth (ft.) Latitude Longitude Nitrate Contamination (mg/L)
2 I 1|Bay|or -I 28 33.60833 -99.284167 26.69
3 | 2 Baylor 28 33.60833 -99.284167 3.71
4 3 Baylor 33 33.60445 -99.281667 38.96
5 | 4 Collingsworth 95 35.16556 -100.30639 13.72
6 | 5 Collingsworth 110 35.165 -100.30639 13.28
| 6 Collingsworth 110 35.165 -100.30639 10.4
8 7 Collingsworth S0 35.01111 -100.3775 120.86
=] 8 Collingsworth 228 34.92028 -100.51445 12.22
10 | 9 Collingsworth S0 34.90333 -100.39722 52.68
1 10 Collingsworth 90 34.90333 -100.39722 68.18
12 | 11 Collingsworth S0 34.90333 -100.39722 37.1
13 12 Collingsworth 110 34.89333 -100.33417 100.94
14 | 13 Collingsworth 110 34.89333 -100.33417 113.33
15 | 14 Collingsworth 34.89 -100.28695 32.32
16 | 15 Collingsworth 120 34.85139 -100.23417 38.65
17 16 Collingsworth 120 34.825 -100.245 22.14
18 | 17 Collingsworth 55 34.79472 -100.01972 52.24
19 | 18 Collingsworth 55 34.79472 -100.01972 60.65
20 | 19 Fisher 32.82472 -100.17222 47.81
21 | 20 Fisher 55 32.81639 -100.1725 63.75
22 | 21 Fisher 55 32.81639 -100.1725 58.88
23 22 Foard 36 34.05583 -99.616112 0.89
24 23 Foard 36 34.05583 -99.616112 3.55
25 | 24 Foard 32 34.05417 -99.575278 11.95
26 | 25 Foard 32 34.05417 -99.575278 6.68
27 26 Foard 32 34.05417 -938.575278 13.5
28 | 27 Hall 101 34.70945 -100.72167 37.01
29 | 28 Hall 101 34.70945 -100.72167 42.94
30 | 29 Hall 70 34.67389 -100.68111 3.98
31 30 Hall 150 34.67111 -100.7 4.43
32 | 31 Hall 150 34.67111 -100.7 5.31
33 32 Hall 70 34.54889 -100.46417 17.89
34 | 33 Hall 75 34.32972 -100.84917 55.34
35 | 34 Hall 75 34.32972 -100.84917 26.34
36 | 35 Haskell 80 33.39 -99.728333 49.14
37 36 Haskell 80 33.39 -99.728333 57.99
38 | 37 Haskell 47 33.37028 -99.914167 50.47
20 | 22 Hackall ’ 2022 2NSSA .99 QR7T7772 222 2A

Sheetl ufEf.

Figure 4. Excel workbook format with the pertinent information regarding nitrate concentration data for the Seymour
aquifer.
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Figure 6. Displaying the XY data of the nitrate concentrations for converting into point data in ArcMap.
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Figure 7. Exporting the point data regarding the nitrate contamination levels into a new feature class for ArcMap
compatibility.

The nitrogen-fertilizer dataset can initially be found in the USGS catalog on data.gov in a
Microsoft Access file for county-level estimates of nitrogen commercial fertilizers for the conterminous
US. After downloading this file and unzipping the folder it is in, then | can access the Microsoft Access
document and filter the data in the tables to view the farm and non-farm usage of nitrogen fertilizers in
the respective counties of Texas that encompass the Seymour aquifer (Figure 8). This data from 1987-
2006 for fertilizer use is broken into three time periods and their respective averages for each county.
The 2000-2006 average amount of fertilizer per county is the most reliable as it is the most recent
dataset used to correlate the best with the nitrate well data and the cultivated crops land cover in the
respective counties. The averages of fertilizer use are used through ArcGIS processing as this data will be
joined to the attribute table of the Texas counties that encompass the Seymour aquifer and the nitrate

well data to be further analyzed.
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A

1 “tblFarmNonfarmCountyNitrogen
2 |FIPS_ST
3 43
4 438
5 43
6 | 48
7 43
8 48
g 48
10 438
11 43
12 48
13 48
14| 48
15 43
16 | 48
17
18 |Average farm N-fertilizer (tons):
19 Counties
20 Baylor
21 Collingsworth
22 | Fisher
23 Foard
24 | Hall
25 Haskell
26 | Jones
27 Kent
28 Knox
29 Motley
30 | Stonewall
31 Wheeler
32 Wichita
33 Wilbarger
34
35
36
37
38
20

| Texas county data

FIPS_CO STATE
23 TX
87 TX

151 TX
155 TX
191 TX
207 TX
253 TX
263 TX
275 TX
345 TX
433 TX
483 TX
485 TX
487 TX

87 93 avg
2121151.1
1874532.7
1301362.3

807557.4
1333374.6
2917977.7
2434447.4

258439.9
3467345.9

780499.9

504168.0
1819880.4
2622128.6
4196188.0

Seymour aquifer county data

D E
co farmN1987
Baylor 2144892
Collingsworth 1683158
Fisher 1314166
Foard 846512
Hall 998450
Haskell 2878931
Jones 2284991
Kent 234813
Knox 3609023
Motley 765610
Stonewall 601833
Wheeler 1386400
Wichita 2117267
Wilbarger 3869488
94_99 avg
2776040.0
3149573.5
1597557.3
1076278.5
1976529.5
3125739.8
3171223.5
251198.8
4288530.8
896332.3
457726.8
1938389.0
2644324.7
4272611.0
Farm averages for county data | ()]

F g
nonfN1987 farmN
758 244
565 203
882 153
256 97
662 129
1271 33
4151 273
112 24
855 417
196 9
278 64
1217 21§
58968 26
3684 464

00_06 avg
1745581.6|
2056249.0
1672352.1
1072083.3
2047410.7
4710493.4
3531817.7

217175.0
3446116.1
799717.6
485542.7
1610382.0
2343106.4
3822347.9

Figure 8. Formatted Excel workbook showing the farm and non-farm fertilizer usage amounts in kilograms, not in tons, for
the respective counties relating to the Seymour aquifer. The averaged time periods for farm fertilizer usage can be observed
for time groups of 1987-1993, 1994-1999, and 2000-2006.

All of this data imported into ArcMap do not have the same coordinate system that they use to

determine geographic location. The “Project Raster” (Figure 9) and “Project” (Figure 10) tools through

the Spatial Analyst toolbox are used to project all of the necessary components in the table of contents

to the same coordinate system of UTM NAD1983 Zone 14N due to the project location entailing that

particular zone of Texas. This allows for all of the data to be compatible with each other correctly in a

geographic sense and also in an ArcGIS sense.
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Figure 9. The use of the “Project Raster” tool for the land cover raster of Texas.
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Figure 10. The use of the “Project” tool for projecting the uniform coordinate system to all non-raster files in ArcMap for a

more accurate analysis.
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ArcGIS Processing:

With all of the necessary data now imported and projected to a uniform coordinate system,
UTM NAD1983 Zone 14N, the processing through ArcMap to manipulate the data for analysis of the
Seymour aquifer and the respective counties encompassing it can begin. The extracted land cover raster,
showing the various land uses in Texas, did not clip evenly to the actual Texas border, but showed areas
of “no data” that would need to be taken care of for not only accuracy purposes of the analysis but
visual ones as well. The imported Texas boundary shapefile was used as a mask for the Texas land cover
raster data. Through the use of the “Extract by Mask” tool, the land cover raster data now fit smoothly

to the Texas border and the Texas county lines (Figure 11).

-,
S

Input raster

|texas_rast2 ﬂ B
Input raster or feature mask data

|Texas boundary j (]
Output raster

| Viaustin,utexas. edu'disk\geoprofiles\default\dmao 44y Documents\ArcGIS\Default.gdb\Exh'act_bexal E;

Ok Cancel Environments... Show Help >>

| Qutput raster x|

LY Lookin:  |F National_Map_data MEX-R M= RN

MLCD_Celour_Classification_Updatejpg

Name: | texas_mask? | I Save I

Save as type: | paster datasets ~ Cancel

oo L2 S - 1@ @ . LASDataset- || =l Filters -

Figure 11. The “Export by Mask” tool used to constrain the funky border of the Texas raster to the Texas boundary
itself. The use of the Texas boundary shapefile allowed for this to reach completion.
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Next, the raster values used in the Texas land cover data indicating the different types of this land cover
in Texas needed to be changed to show just two values. With one representing cultivated crops and the
other representing all other land cover data, with the numbers of 1 and 0, respectively, they could be
used to analyze more thoroughly the use of this agricultural data over the Seymour aquifer and its
respective counties in Texas. This was done by the use of the “Reclassify” tool to assign these new
values to the raster data’s old values of land cover (Figure 12). Through this process, the data for land
cover can now show agricultural usage in brown and everything else in the color white within the Texas
boundary. The new, reclassified raster for Texas was then exported as a new raster file called
“tex_reclass2” and added back into the table of contents. This new raster data for land cover in Texas is
used later in the analysis for the respective counties land use in relation to the nitrate concentration

values observed and the amount of nitrogen-fertilizer used per county.

ST TICAT FTTATy ST =

ArcToolbox
-
A B§ Geostatistical Analyst Tools
i . R & Linear Referencing Tools
Lo Input raster ~ | Reclassification ~ B Multidimension Tools
@3@? |texas_maslc2 j =] &9 Network Analyst Tools
. Redass field A remap table 1h§l defines &3 Parcel Fabric Tools
VALUE how the values will be e Schematics Tools
reclassified.

Redassification

B Server Tools
a Space Time Pattern Mining Tools

Old values New values ~ . s Old values - The @ Spatisl Analyst Tool
43 0 S ranges of values of g patial Analyst Tools
52 0 Urique cells in the input & Conditional
n 0 raster. Acceptable & Density
81 0 settings are a single & Distance
82 1 Add Entry value, a range of & Bxdraction
a0 0 values, a string, or & Generalization
) - 8
95 0 Delete Entries NoData. A list of & Grounduwater
HoData NoData single values can be Hydral
specified by & Hydrology
Load... Save... Reverse New Values Precision... separating each with g :intar:]nlat\nn
; . 3 Local
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e oo L 8 Multivariate
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k 8 Overlay
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"’\ Lookup
#, Reclass by ASCII File
"\ Reclass by Table
’& Reclassify

‘l\ Rescale by Function

o

|F:\GIS_dass_Fina\_PrﬂJEct_wnrk\Exhact_hy_Mask_SEymﬂur_Aqu\fEu:un\ygnns_raster\tExas_redass | E; W

OK Cancel Environments... << Hide Help Tool Help

#, Slice
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Figure 12. The “Reclassify” tool being used to better represent the land cover data in the Texas raster. The value of 1
represents cultivated crops and the value of 0 represents every other kind of land cover documented in the original raster
dataset.

Since the land cover raster for Texas is now reclassified and organized, now the respective
counties of Texas and the polygons representing the Seymour aquifer in Texas can be exported and
added back into ArcMap as their individual feature classes. This process is fairly straight forward as the
major steps in the path to these feature classes is to use “Select by Attributes” and/or “Select by

Location” and then exporting these selected attributes as customized feature classes to the ArcMap
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document. First, for the counties, using the “Select by Attributes” under the “Selection” tab at the top of
ArcMap the specific counties can be selected using the criteria in Figure 13. Now that the counties
needed to be analyzed are selected, | just right clicked on the “Texas_counties” shapefile in the table of
contents and clicked “Data”, then “Export data”, and used the projected coordinate system for the
source data. It was then added back into the table of contents as

“Projected_Seymour_aquifer_counties_data”.

Figure 13. Selecting the correct counties of Texas for the exportation of thi

Second, for the Seymour aquifer polygons, the process is very similar in exporting these polygons as
their own feature class. Now, instead, the selection process can be done through the attribute table of
the “NEW_major_aquifers_dd” shapefile for the major aquifers of Texas. | right clicked on the shapefile
in the table of contents and opened the attribute table and immediately right click on the field of
“AQ_NAME” to “Sort Descending” for the purpose of ordering the aquifer polygons more readily for
selection. The Seymour aquifer polygons can all be identified and selected (Figure 14). These selected
aquifer polygons were then exported the same way as the “Texas_counties” but now named

“Seymour_aquifer” in the table of contents.

Table Of Contents 7 x
. & E| HF
& Sel c;h) Attl'h ts x| el
) | Select by Adtributes =
- - - RO g
Eter s WHERE clause to select records in the table windaw
Texas_counties
| Method: |Create 2 new selection v OBJECTID_1- | Shape* | OBJECTID | AREA | PERIMETER | CNTYCST24_| CNTYCST241] Shape_Leng HAME Shape_Length | Shape_Area
[CNTYCST241] Al 145 | Polygon 145 | 2157260000 276588 148 0| 277034.947013 | WARD 2.780703 0.205576
2| | (Shepe, Long) 792 | Palygen 192 | 1601670000 252 193 0| 255953.716491 | WASHINGTON Z51607 0.150671
(NAME] 518 | Palygen 513 8732340000 431080 =20 0| 431222.361839 | WEBB 274742 0.80001
=] [Shape_Length] 276 | Polygon 277 | 2825050000 247452 278 0 247810.50831 | WHARTON 2412631 0263128
sh P _.AIE ] 15 | Polygon 15 | 2389450000 194712 16 0 194596.172688 | WHEELER 1.949093 0234817
spefrea hd 36 | Polygon 36 | 1641010000 186021 37 U | 186192177356 | WICHTA 1.84341 0.160427
Bl ro e e [wiarmow . 25 | Polygon 25 | 2533440000 252466 2 0| 252706.401608 | WILBARGER 2457139 0247968
- WHEELER' 252 | Polygon 852 202084 178652 354 0| 1734438658 | WILLACY 0.016365 0.000013
= 3 3= And WICHITA' B47 | Polygon 848 22924400 19739.3 849 0 19724.05725 | WILLACY 0.180877 0.002072
. 848 | Polygon 849 | 1582310000 235053 850 0| 234827423448 | WILLACY 2.282845 0.142854
< |[<=| | or | | WILBARGER 25 | Polygen B 300814 32323 270 0| 3230.146252 | WILLACY 0.03155 0.000027
=
WilacY 349 | Polygen 850 | 112524000 515023 351 0| 51428611852 | WILLACY 0.484388 0.010163
- 2/ | () | | Not | | WILLIAMSON v 350 | Polygen 851 33704 336,693 852 [ 338.132983 | WILLACT 0.008152 0000003
l:l 851 | Polygon 852 678116 3663.16 853 0 3660.344307 | WILLACY 0.035433 0.000081
B Sl ST RN Co To 23 | Polygon S S7aE31 271308 a5 U] 4710.866635 | WILLACY 0.046255 0.000088
SELECT * FROM Texas_counties WHERE: 254 | Polygen S 175025 708352 3% 0] 707.365493 | WILLACY 0.006538 0.000002
INAME] = BAYLOR' O [NAME] = COLLINGSWORTH OR [NAME] 259 | Polygon 850 167341 332033 31 0] 3813.174713 | WILLACY 0.03503% 0.000015
= ‘FISHER OR [NAME] = FOARD' OR [NAME] = HALL' OR [NAME] 863 | Polygon 864 663487 975,345 865 1] 973.829709 | WILLACY 0.008145 0.000006
="HASKELL' OR [NAME] = 'JONES' OR [NAME] = 'KENT OR 887 | Polygon 868 358082 2870.42 869 0 2866.202464 | WILLACY 0.027081 0.000032
!g‘%”&a;ﬁgé'é’m’#}g"‘f@mg&gg; w.mé]-zwwcmm' 255 | Polygen %65 553222 4508.45 L 0|  4897.727859 | WILLACY 0.045597 0.000051
SRIAE g e [NAME] = 38 | Polygen 27 821971 104663 S 0| 1045.261745 | WILLACY 0.008933 0.000007
854 | Polygon 865 121148 1278.88 866 0 1277.138042 | WILLACY 0.012098 0.000011
Clear Verify Help Load... Save.. 880 | Polygon 861 938082 292354 882 0 2917.833001 | WILLACY 0.026754 0.000008
22 | Polygon 3 278452 286385 ED U] 2858.865848 | WILLACY 0.02653 0.000025
Close 258 | Polygen 25 206127 1732 B 0] 260.142009 | WILLACY 0.007305 0.000002
Apely
57 | Polygon 858 158138 342205 359 0] 840.501255 | WILLACY 0.007647 0.000002
[ kil 856 | Polygon 857 101282 84481 858 0 843.042233 | WILLACY 0.007636 0.000001
[ Eil 855 | Polygon 856 976243 1699.1 857 0 16896.878243 | WILLACY 0.015305 0.000009
olygon Y 3 X
me R E5) 144438 il R 0] 632513594 | WILLACY 0.005833 0.000001
=0 178 | Palygen 178 | 2520350000 251854 78 0| 252309.261742 | WILLIAMSON 2481657 0276857
"5 315 | Polygon 316 | 2085370000 196567 N7 0| 196852.755375 | WILSON 1.908309 0.193952
121 | Polygon 121 2188580000 196185 122 0 | 196582612595 | WINKLER 1.927867 0.20737
Sheet1S Event: o
= 0O She vents B0 | Polygen 60| 2384020000 195348 61 0 | 195638.056445 | WISE 1932771 0231286
¢ 7% [ Polygon 75| 1794350000 215247 7 0| 215681.469606 | W0OD 2142017 0.1733
= [ TWDB_Groundwater_Withdrawal 65 | Palygon 65| 2063130000 181381 66 0| 182173.118446 | YOAKUM 1780723 0200057
- 67 | Polygon 67 | 2403330000 196471 68 0| 186771.007504 | YOUNG 1.842382 0233052
[0 Nitrate_contamination_data 831 | Polygon 832 | 2743330000 238227 833 0 238081.18062 | ZAPATA 2.245397 0249172
= O “Nitrate data$' Events 373 | Palygen 373 | 3346040000 34615 &0 0| 234573.562553 | ZAVALA 2287521 0310255
. o4 T om E (14 out of 924 Selected)
Texas_counties | Nitrate_contamination_data_1
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kT |
Table
] - | T - | g B (D
53 MNEW_major_aquifers_dd
1 FID Shape = AREA PERIMETER AQUIFER AQ_NAME
102 | Polygon 0.000145 0.099656 2 | TRINMTY
103 | Polygon 0.000178 0.121504 2 | TRINMTY
104 | Pohygon 0.000181 0.11814 2 | TRINMTY
105 | Polygon 0.000048 0.044729 0 | TRINITY
106 | Polygon 0000245 0.167135 1 | TRINMTY
107 | Polygon 0.00001 0.015587 1 | TRIMMTY
108 | Polygon 5257483 110.012103 2 | TRINMTY
109 | Polygon 1.334333 28.797734 1 | TRINMTY
110 | Polygon 0.8958795 SV.27E142 1 | TRINITY
0 | Polygon 0075117 3893477 1 | SEYMOUR
1 | Polygon 0.000541 0.1418594 0 | SEYMOUR
2 | Polygon 0.000555 0.125224 0 | SEYMOUR
3 | Polygon 0.000843 0.17215 0 | SEYMOUR
4 | Polygon 0.034188 2.543279 1 | SEYMOUR
S | Polygon 0.224835 8904137 1 | SEYMOUR
§ | Polygon 0.0049656 0.650618 1 | SEYMOUR
7 | Polygon 0.00147 0.239165 0 | SEYMOUR
2 | Polygon 0.001581 0.23221 1 | SEYMOUR
S | Polygon 0.017852 1.078142 1 | SEYMOUR
10 | Polygon 0.067979 5.562957 1 | SEYMOUR
11 | Polygon 0.003524 0.345696 1 | SEYMOUR
12 | Polygon 0.013375 1.706315 1 | SEYMOUR
13 | Polygon 0.014724 1.624258 1 | SEYMOUR
14 | Polygon 0.175767 5.937216 1 | SEYMOUR
15 | Polygon 0.000684 0.188071 0 | SEYMOUR
16 | Polygon 0003586 0.501452 1 | SEYMOUR
17 | Polygon 0.017133 1.700452 1 | SEYMOUR
18 | Polygon 0.023838 1.815896 1 | SEYMOUR
19 | Polygon 0.018443 0.971923 1 | SEYMOUR
20 | Polygon 0.093594 6.181016 1 | SEYMOUR
21 | Polygon 0.0127 1.00902 1 | SEYMOUR
22 | Polygon 0.032369 1.882894 1 | SEYMOUR
23 | Polygon 0.005937 0.9845598 1 | SEYMOUR
24 | Polygon 0.009135 0.877025 1 | SEYMOUR
S0 | Polygon 1.678837 15.4959732 1 | PECOS WALLEY
25 | Polygon 0.010014 0.890417 1| OGALLALA
25 | Polygon 0.002032 0.534381 1 | OGALLALA
27 | Polygon 0.001885 0.348453 1 | OGALLALA
44 oorom E (25 out of 139 Selected)
MNEW_major_aquifers_dd
= 17 =

Figure 14. Selecting the correct aquifer polygons that relate to the Seymour aquifer.

After organizing the Texas raster data for land cover, the respective Texas counties, and the
specific polygons for the Seymour aquifer in ArcMap, now the nitrate concentration point data can be
manipulated for further analysis. The point data was broken up into two categories of points in separate
feature classes as safe and hazardous nitrate concentration data. The boundary condition for this point
data is the maximum contaminant level (MCL) of 10 mg/L. The initial feature class of point data,
“Nitrate_contamination_data_1" in the table of contents, was imported via Excel in Figure 4. Now, the
interval of this data can be changed to that of 10 to signify the change in the concentration conditions
from safe to hazardous. This was done by opening the properties of this file through the table of
contents in ArcMap. | clicked on the “Symbology” tab and clicked on the “Quantities” section to give
graduated colors to these values. To set this defined interval, through the “Classify” button, set the
“Classification Method” to “Defined Interval” and the interval size being to 10 (Figure 15). This changes
the range of groups that the nitrate concentration is represented by in the view of ArcMap. Next,
through the process of exporting selected data, the nitrate values that are less than 10 mg/L were

selected and exported as “Safe_nitrate_concentrations” to be a feature class with nitrate concentration
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point data set at an interval of 10. However, the nitrate values equal to or above this boundary
condition will have a defined interval of 50 due to the range of data observed in the Seymour aquifer.
The process was the same when exporting this data set and setting this interval. This allowed for better
representation of the nitrate data for visual purposes in the analysis. Now, there are two separate
feature classes with nitrate concentration point data that differentiate safe and hazardous conditions of

nitrates being observed in the Seymour aquifer within the respective counties.

[— T T = T e |

Classification *
| Classification Classification Statistics
{1 Method: Defined Interval b Count: 1A
Classes: 24 Interval Size: 10| Minimum: 0. 10001
= Maximum: 230,65000
5ta Exdusian sum: 7209.4400
Exclusion ... Sampling ... Mean: 63.8003
Median: 56.67001 ¥ o
< > b
Colurnns: 100 5 []show Std. Dev. [Jshow Mean i
Sgog2g2g2gg9 oS8 EEEEEEEEEEEEEE Break Values %l | |
o R e e T o T o N o N e Y o R e :
B BEBEE 0B85 82288 ¢
SEEE8EEEEESEeecessgeaageagsg 10.000000 ~
JERRSBBRBES-S888EE838F 883 20000009 |
1 30.000000
40,000000
4+ 50.000000 .
£0.000000 )
34 70.000000 ;' ]
30.000000 ﬂ
: o 50.000000 [
| 100.000000 L
110000000 [
| 1T YA L
gl < > T
1 -
| 0 1 . .
E’. 0.100000 BT.737500 115375000 173.012500 230650000 .,
Snap breaks to data values Cancel s.:;.
T TarCeET FPETY f‘-u
T WD PR Q554 s /0 o e 2T T

Figure 15. An example of setting the defined interval for the representation of the nitrate data in the table of contents and in
the data view of ArcMap.

The next major step was now to join the data showing fertilizer usage, in kilograms, by county to
each of the respective selected counties. By copy and pasting the information including the counties and
the average amounts of nitrogen-fertilizers used on farms in the three specified time groups into a new
Excel workbook, this data could be joined to the counties attribute table in ArcMap. Although, first | had
to set-up the Excel table in the correct format. The cells with textual information were classified as text
cells and those with numerical information were classified as being numeric (Figure 16). A very

important step in finishing formatting the table in Excel was to capitalize the names of the counties to
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match the format of the counties names in the counties attribute table in ArcMap (Figure 16). After this

was done, then the Excel file was saved as a text file to be joined as such in ArcMap.

=
2
3

W o~ ;A

10
1|
12
13|
14
15|
16

A

Counties

BAYLOR

|COLLINGSWORTH

FISHER

[FOARD

HALL

|HASKELL

JONES

[KENT

KNOX
MOTLEY
STONEWALL
WHEELER
WICHITA
WILBARGER

87_93 avg

B

2121151.14
1874532.71
1301362.29

807557.43
1333374.57
2917977.71
2434447.43

258439.86
3467345.86

780499.86

504168.00
1819880.43
2622128.57
4196188.00

&

7“94_99 avg

2776040.00
3149573.50
1597557.33
1076278.50
1976529.50
3125739.83
3171223.50

251198.83
4288530.83

896332.33

457726.83
1938389.00
2644324.67
4272611.00

00_06 avg

D —
1745581.57[
2056245.00
1672352.14
1072083.29
2047410.71
4710493.43
3531817.71
217175.00
3446116.14
799717.57
485542.71
1610382.00
2343106.43
3822347.86

Figure 16. The correctly formatted Excel workbook for the farm use of nitrogen-fertilizers. The cells containing text and
numerical values were formatted as such and the use of capitalized county names needed for further importing into ArcMap.

By right clicking on “Projected_Seymour_aquifer_counties_data” in the table of contents and going

through “Joins and Relates” to “Join...”, the textfile of the fertilizer usage information could be imported

to ArcMap. The necessary information needed for correctly joining this table to the counties feature

class is seen in Figure 17, but the file selected to join in section 2 was not a CSV (comma-separated

values) and instead was a textfile. Figure 18 shows the correct result through this joining process of

importing this average fertilizer use to these specified counties. As it can be seen, the counties names

match up in capitalization and order according to the fertilizer values assigned to these counties over

the Seymour aquifer.
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Join attributes from a table

What do you want to join to this layer?

1. Choose the field in this layer that the join will be based on:

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

[rame

| fertilizer_avgs.csv
] show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

2. Choose the table to join to this layer, or load the table from disk:

=l ==

|C0unties

~|

Join Options
(®) Keep all records
All records in the target table are shown in the resulting table.

Unmatched records will contain null values for all fields being

appended into the target table from the join table.

(_) Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is remowed from the resulting target table.

About joining data

Ok

Validate Join

Cancel

L

>
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| f | ]
Table 0Ox
ERE AL
Projected_Seymour_aquifer_counties_data X
| QBJECTID 1* | Shape*® | OBJECTID AREA PERIMETER | CNTYCST24_|[ CNTYCST241 | Shape_Leng NAME Shape_Length Shape_Area Counties 87_93 avg 94 99avg 00_06 avg

3 2 | Polygon 49 | 2326370000 192808 50 0| 193145327938 | BAYLOR 193070.167548 |  2330221804.388823 | BAYLOR 2121151.14 2776040 | 174558157

2 | Polygon 20 | 2377500000 194843 2 0| 194931.361919 | COLLINGSWORT | 194886.111208 | 2376532845.036847 | COLLINGSWORT | 1874532.71 3148573.5 2035245

13 | Polygon 85 | 2327780000 182813 89 (0| 193155635893 | FISHER 193117981985 | 2335135922.923071 | FISHER 130136228 | 1597557.33 | 167235214

6 | Polygon 5 | 1826330000 236658 38 0| 238929.488772 | FOARD 23580464007 | 1328567282.185602 | FOARD 807557.43 10762785 | 1072083.29

3 | Polygon 5 | 2336150000 193369 28 0| 193449672648 | HALL 193429638224 | 2337606108 915367 | HALL 1333374.57 1976529.5 | 2047410.71

11 | Palygon 72 193827 73 (| 194125.159095 | HASKELL 194057 546983 |  2356800045.773775 | HASKELL 2817977.71 | 3125738.83 | 471048343

— 14 | Polygon 80 | 2417960000 197747 91 0| 198093517159 | JONES 198034.059849 |  2424995340.005339 | JONES 243444743 3712235 | 38381771

10 | Polygon 71| 2325310000 182735 12 0| 193048.155843 | KENT 193038.588919 | 2332175535.854502 | KENT 25843985 251198.83 217173

9 | Polygon 52 | 2211120000 214855 53 (| 215146.436705 | KNOX 215044727835 | 2215032858.187233 | KNOX 346734585 | 4288530.83 | 344611614

5 | Polygon 33 | 2558730000 202525 34 0| 202707882171 | MOTLEY 202685977828 | 2562725855.987042 | MOTLEY 780499.85 89633233 799717 57

12 | Polygon 73 | 2372120000 194672 T4 0| 194967.333583 | STONEWALL 194925212583 | 2378299229.136658 | STONEWALL 504168 457726.83 485542.71

1| Palygon 15 | 2365450000 184712 16 (0| 194596.17265 | WHEELER 194348.911596 | 2355506238.978023 | WHEELER 1815880.43 1938389 1610382

7 | Polygon 35 | 1641010000 185021 7 0| 188192.177356 | WICHTA 186119.941963 | 1642787451.850358 | WICHITA 262212857 | 284432467 | 234310643

4 | Polygon 28 | 2533440000 252485 29 0| 252708.401608 | WILBARGER 252570.771737 | 2535687877.468392 | WILBARGER 4195188 4372611 | 382234786

Figure 18. The representative result of joining the fertilizer usage table of data to the Texas counties feature class.

Now, the entire feature class of the “Projected_Seymour_aquifer_counties_data” can be exported as

another feature class called “Fertilizer usage (kg)”. The difference in the two feature classes is their

symbology by how and what they are symbolizing in ArcMap with the other data sets. By opening the

“Symbology” tab through the properties button of the “Fertilizer usage (kg)” feature class, the color

scheme is organized to show a varying hazard level from green to yellow to red. This was done under

the “Quantities” section, and then the “Graduated colors” subsection is selected. The necessary field to
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show is the 2000-2006 average nitrogen-fertilizer since this will show a better representation of the
correlation of data with the nitrate concentration data within the last 10 years and the land cover raster

of agricultural coverage in Texas (Figure 19).

| [T
Layer Properties X

General Source Selection Display Symbology Fields Definition Query Labels Joins & Relates Time ~ HTML Popup

Show:
|Draw quantities using color to show values. Import...
Fields Classffication
Value: | F00_06_avg v ’ Natural Breaks {Jenks)
§-~Gradua1ed symbols Nomalization: Inone ¥ ‘ Classes: |5~ Classfy...
- i Proportional symbols
. Dot densty Color Ramp: ‘ | v'
Charts
Multiple Attributes Symbol Range Label
217175.000000 - 485542.710000 217175 - 485543 [\:‘r‘-‘é
485542.710001 - 1072083.250000 485544 - 1072083 LS
1072083.250001 - 1745581.570000 1072084 - 1745582

I 1745531.570001 - 2343106.430000 1745583 - 2343106
I 2343106 430001 - 4710493.430000 2343107 - 4710493

[[] Show class ranges using feature values Advanced ~

The last important step in processing the data through ArcMap is extracting the data for

agricultural coverage from the Texas land cover raster in the respective counties that are over the
Seymour aquifer. This was completed with the “Extract by Mask” tool in the Spatial Analyst toolbox
(Figure 20). All of the respective counties land-cover usage data was extracted so that the entire extent
of agricultural coverage could be taken into account. By using the “tex_reclass2” raster as the imported
file and the “Projected_Seymour_aquifer_counties_data” as the mask, the land cover data in the new
raster file, named “county_aguse”, is constrained to just the specified counties in the mentioned
feature class. Now, the individual counties themselves would have their land cover data extracted as
well, but from the “county_aguse” raster data (Figure 20). With all of the counties individual information
for agricultural coverage, the areas of extent determined by cell value in the rasters can show the how

much and the where of the major agricultural leaders over the Seymour aquifer.



Anderson 17

= WHEELER - _i
Eo o8 ‘ NN
485544 - 1072083 ~ 4, Extract by Mask - O X
1072084 - 1745582
1745583 - 2343106 Input raster Output raster
2343107 - 4710493 lcounty_aguse ﬂ B
Inputraster or feature mask data Ihejoutpuliraster
NAME = containing the cell values
iBAvLOR [Projected_Seymour_aquifer_counties_data = & extracted from the input
[ COLLINGSWORTH Output raster raster.
CIFISHER [ F1\6I5_dass_Final_Project_work\Extract_by_Mask_Seymour_Aquifer_polygons_raster\baylor_agrus |
[IFOARD
CIHALL
[CIHASKELL
[JJONES
CIKENT
CIKNOX
CIMOTLEY
[ STONEWALL
[CJWHEELER
CIWICHITA
[C]WILBARGER
= @ county_aguse
] Other land use/cover kel ok Cancel Environments... << Hide Help Tool Help
M Cultivated crops = - % = % @ @
& @ Texas counties . . .
O Projected_Seymour_aquifer_counties_data X
= | State boundary OBJECTID 1+ | Shape® | OBJECTID | AREA | PERIMETER | CNTYCST24_| CNTYCST241 | Shape_Leng NAME Shape_Length Shape_Area Counties | 87,
-1 v 8 | Polygon 49 [ 2326370000 192908 50 0| 193146,327936 | BAYLOR 193070.167548 | 2330281604,368623 | BAYLOR 21
. 2 [ Polygon 20 | 2377900000 194843 21 0 194931361919 | COLLINGSWORT | 194886.111208 | _2376592845.038847 | COLLINGSWORT | 18
® O wilbarger_ag 13 | Polygon 88 | 2327780000 192813 39 0 | 193155635993 | FISHER 193117981985 | 2335139922.923071 | FISHER 13
@ [ wichita_ag & | Polygon 35 | 1826230000 236658 % 0| 236929.466772 | FOARD 23680464907 | 1828567852.185602 | FOARD Elmm
@ [ wheeler_ag 3 | Polygon 25 | 2336150000 193369 % 0| 193449672648 | HALL 193429638224 | 2337606108.915367 | HALL 13
@ [ stonewall_ag 11| Polygon 72 193827 73 0| 194125199096 | HASKELL 194057546983 | 2356600046.773775 | HASKELL 29
@ [ motley_ag 14 | Polygon 90 | 2417960000 197747 91 0| 198093517159 | JONES 198034.059849 | _ 2424995340.005339 | JONES 2
@ O knox.ag 10 | Polygon 712325310000 192758 72 0| 193048.155943 | KENT 193038 588919 | 2332175535 854502 | KENT 2
5 O kent.ag 9| Polygon 52 [ 2211120000 214855 53 0| 215146.436705 | KNOX 215044727835 | 2215032859.187233 | KNOX 34
e 5 | Polygon 33 | 2556730000 202525 34 0| 202707662171 | MOTLEY 202685977828 | 2562725955.987042 | MOTLEY 7
3 12 [ Polygon 73 | 2372120000 194672 74 0| 194967.333583 | STONEWALL 194925 212583 | _ 2376299229.136658 | STONEWALL
® [ haskell_ag 1 [ Polygon 15 | 2369450000 194712 18 0| 194596.17266 | WHEELER 194549911596 | 2365506239.978023 | WHEELER 18
@ [ hallag 7 [ Polygon 36 | 1641010000 185021 7 0| 186192177356 | WICHTTA 186119.941963 | 1642787451.850358 | WICHTTA 26
@ O foard_ag 4 Polygon 28 | 2533440000 252486 29 0| 252708.401608 | WILBARGER 252570.771737 | 2535697877.468392 | WILBARGER
@ O fisher_ag
@ O collingsworth < >
& [ baylor_aguse o4 1Trm E (1 out of 14 Selected)
@ O tecreclass2 Projected_Seymour_aquifer_counties_data
& [0 Nitrate_c ination_data_1 = = = = -
vOEl e <

Figure 20. The use of the “Export by Mask” tool to individually, and all together, represent the land cover raster data for the
respective counties of Texas over the Seymour aquifer.

Calculating the areas and percentages of these areas of agricultural and nonagricultural land cover was
done through the attribute tables of the individual county raster files in the table of contents through
ArcMap. |, first, opened up the attribute table of the “county_aguse” and then by clicking on the top left
drop-down menu arrow of the attribute table, a new field of the table can be added. Figure 21 shows
the necessary information needed for further calculating the areas of these rasters via the field
calculator later in the analysis. The area units are set to square kilometers since these values in square
meters would require more data to process and it would be visually distracting in the attribute table
itself. As was done in Figure 21, the necessary information for the newly created percentage field is
illustrated in Figure 22. Setting the value to being of “Float” allows there to be numerical values after
the decimal place, which is not needed for the values of area calculated when it is on the scale of square
kilometers. The values for the percentages of these areas, however, can show precision in just how

much of the land is used for agriculture and how much is not over the Seymour aquifer.
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Table
] &

county_aguse

| county_aguse

Rowid | VALUE| COUNT | AREA_SQ_KM PERCENTAGE
—1» 0 0| 2703604 24332 76.03988
1 1| 8518990 7687 23.96012
(LI 1T » » =) (0 out of 2 Selected)

Name: Area_sq_km

Type: Long Integer

Field Properties

[ Precision

Cancel

L |

Figure 21. The process of adding the new field for representing the areas in square kilometers of th
the respective Seymour aquifer counties of Texas.
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Figure 22. The process of adding the new field for representing the percentages of the land cover raster data in the
respective Seymour aquifer counties of Texas.

Now, these values of areas and percentages were calculated. By right clicking on the “Area” or

“Percentage” fields, the “Field Calculator” was utilized and thus the calculations for these fields

accomplished. The conversion for calculating these areas in square kilometers would have to come from

how much area a single cell in the raster takes up according to the cell size. This cell size is 30x30, so the

area for one cell would be 900 m?* and the equivalent value for that in square kilometers is 0.0009 km®.
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Through the use of this value the “COUNT” numbers for how many cells representing agricultural
coverage were converted to areas (Figure 23). The percentages of these areas, calculated using the field
calculator, were completed using the concept seen in Figure 24 for all of the individual counties and

their agricultural coverage extent.

Field Calculator X
Parser
(®) VB Script OPython
Fields: Type: Functions:
Rowid & (® Number Abs ()
VALUE ALl
. Cos ()
COUNT Ostring Exp ()
AREA_SQ_KM Obpate Fix ()
PERCENTAGE E’;tg(( ))
Sin( )
Sar ()
Tan()
[[Jshow Codeblock | [7] [&] [&=] [=][=
AREA_SQ KM =

[COUNT] *0.0009]

About calculating fields Clear Yoadin avaly

Figure 23. The conversion of the “COUNT” number of raster cells into area amounts in square kilometers via the
use of the “Field Calculator”.
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Rowid " @ Number ﬁt;f (( ))
VALUE Cos()
COUNT (O string B ( )
AREA_SQ_KM Obate Fix ()
PERCENTAGE i‘;tg (( ))
Sin( )
Sar ()
Tan()
[ show Codeblock 7l T= N
PERCENTAGE =
( [AREA_SQ_KM]/total area)*100|
About calculating fields Clear Toad Cavaly
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Figure 24. The conversion of the “AREA_SQ_KM” amounts into percentages for the land cover raster data in the

respective Texas counties.

The important correlations of the various components of this analysis are seen through Figures

25 and 26. This progression of the different pieces of data being added to the field of view in ArcMap

really shows how powerful this software can be through spatial analysis. In the “Data Presentation”

section the final data table and map showing these final correlations and calculations can be observed. It

is through this process that | have drawn conclusions from the analysis of these datasets regarding the

hazards of nitrate contamination in the Seymour aquifer in relation to agriculture.
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Figure 25. A snapshot showing the correlation of the Seymour aquifer polygons to the agricultural usage observed in the

respective Texas counties.
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Figure 26. A snapshot showing a further correlation of the components sh
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Table 1: Data showing the general relationship between N-fertilizer usage, the area of
cultivated crops, and the average nitrate concentrations that are observed by county over the

Seymour aquifer

Area of Area of | Amount of fertilizer Average Nitrate
County N-fertilizer cultivated cultivated (kg)/Area of (NO3) conc.entration
usage (kg) crops usage crops cultivated crops (mg/L) in the

(km?) usage (%) (km?) Seymour aquifer
BAYLOR 1,745,582 528 23 3,306 23.12
COLLINGSWORTH 2,056,249 450 19 4,569 49.91
FISHER 1,672,352 695 30 2,406 56.81
FOARD 1,072,083 370 21 2,898 7.31
HALL 2,047,411 538 23 3,806 24.16
HASKELL 4,710,493 1,154 49 4,082 90.75
JONES 3,531,818 1,129 47 3,128 40.34
KENT 217,175 78 4 2,784 27.61
KNOX 3,446,116 792 36 4,351 99.52
MOTLEY 799,718 209 8 3,826 1241
STONEWALL 485,543 218 9 2,227 8.85
WHEELER 1,610,382 182 8 8,848 53.12
WICHITA 2,343,106 506 31 4,631 54.92
WILBARGER 3,822,348 817 33 4,679 68.07
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Hazard risk assesment by county of David Anderson
3 . . u . December 1st, 2016
the nitrate contamination in the Seymour aquifer

Legend
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Hazardous nitrate concentrations (mg/L) Fertilizer usage (kg) Il cuttivated crops Kiomaters
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Figure 27: Final hazard/risk map showing correlations between fertilizer usage, the extent of the cultivated crops area, and
nitrate concentrations in the Seymour aquifer in the respective counties in Texas.
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Results :

By creating a hazard-risk map using ArcGlIS, the land use cover of the Seymour aquifer area in
the Rolling Plains of Texas was examined in relation to the quantity of fertilizer application and the
resulting nitrate concentrations in the groundwater. According to the project data, approximately 85%
of the sampled wells had nitrate concentrations greater than the MCL limit of 10 mg/L of nitrate-
nitrogen (nitrates). This result corresponds well with the decadal study of Chaudhuri and Ale (2014)
where 82% of the observations of nitrate concentrations exceeded the MCL in irrigated agricultural
lands in the 2000s (Chaudhuri and Ale, 2014).

According to Chaudhuri and Ale (2012), a rule of thumb when evaluating nitrate concentrations
is that, counties with greater than 25% cropland will generally have concentrations greater than MCL
levels. In reviewing the calculated cropland percentages in Table 1, 6 of the 14 counties have
percentages ranging from 30% to 49% cropland and the nitrate concentrations exceed the MCL. The
cropland percentages and the exceedance of the MCL levels of the six counties are corroborated by the
data from the 2007 USDA Census of Agriculture (USDA, 2007). Two counties, Foard and Stonewall,
reflect low cropland and low nitrate levels of below 10 mg/L. Three counties, Kent, Hall and Baylor, had
less than 25% cropland and hovered around 25 mg/L nitrate levels. The outliers, Motley, Collingsworth
and Wheeler have low cropland percentages ranging from 8% to 19% but nitrate levels exceeding the
MCL. The outlier exceptions could be a function of number of wells reported, well depth, type of
fertilizer, type of planted crops, type of irrigation or dry land versus irrigated practices. The project data
of eight of the counties reflect the rule of thumb of low and high nitrate concentrations versus their
cropland percentages.

The highest risk counties in this project, based on nitrate concentrations of groundwater and
percentage of fertilizer use per county area, are Haskell, Knox and Wilbarger. While Motley County has
high values of nitrate and percentage fertilizer, it is suspect as an outlier, for reasons covered above, due
to its low 8% cropland use calculated in the project. The lowest risk counties based on nitrate
concentrations of groundwater and fertilizer use per county area are Stonewall and Foard. The project
data shows positive correlated, observable trends of lower fertilizer application versus lower median
nitrate concentrations and higher fertilizer applications versus higher median nitrate concentrations.
Additionally, generally both trends correlate with cropland use.

Scanlon et al. (2003) findings suggest that nitrate concentrations of the groundwater in the
Rolling Plains region of Texas result from agricultural practices. The pervasiveness of nitrates in the

Seymour aquifer is not a debatable issue. While causes of the nitrate contamination are argued,
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counter-measures concerning anthropogenic activities will lead to sound solutions in dealing with the
reduction of nitrate concentrations.
Solutions:

The Seymour aquifer area requires a new way of thinking through a holistic approach and site-
specific approach supported by ongoing water well monitoring and assessment aligned with specific
counter measures in agricultural practices and nitrogen management. Nitrogen is the most important
nutrient that maximizes crop production (Hudak, 2000). However, over-fertilization and over-irrigation
are threats to the groundwater as both are sources of nitrate-nitrogen (nitrates). The DelLaune et al.
(2013) study tested the hypothesis that irrigated cropland would be able to utilize nitrate present in the
irrigation water as a source of nitrate towards the crop nitrogen requirements. The study involved three
different irrigation systems cropped to cotton. By using the nitrate concentration found in the irrigation
water and applying it to the nitrate concentration required for productive lint yields, a significant
reduction occurred in the nitrogen fertilizer requirement. The irrigated water nitrate concentration
made the difference and there was no reduction in lint yields in the cotton (DelLaune et al., 2013). The
concept of “nitrogen crediting” is the reduction of fertilizer additions as the nitrate sources within the
irrigation system counts toward the nitrogen needs of the crops. When done properly, this is a sound
agronomic practice and a cost savings for the grower. One example in the Seymour aquifer, where
fertilizer applications occur, includes both irrigation well water and residual soil-nitrate water credits.
Based on 0.60/lb cost of nitrogen fertilizer, a farmer growing crops on 120 acres realized a savings of
$2,260 on water- well nitrate value and $2,520 on soil-nitrate water value. The total savings in fertilizer
costs for the 120 acres is 54,780 (DeLaune et al., 2013).

The conveying of information to the communities of the Seymour aquifer regarding the
seriousness of nitrate contamination and its effects on the community is essential. Educating and
working with the growers on the concept of “nitrogen crediting” will result in the creation of efficient
fertilizer plans. The optimal goal is to minimize nitrate leaching to the groundwater and maximize the
crops use of fertilizer. With “nitrogen crediting” implemented, growers will understand by using their
“free nitrogen”, an immediate savings occurs concerning fertilizer costs. Disciplines nutrient

management and nitrogen crediting will save growers money and protect the groundwater resources.
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Conclusions:

Using ArcGIS processing, the hazard risk assessment observed in Figure 27 shows a positive
correlation existing between the application of fertilizer on cropland and the median nitrate
concentrations in the groundwater of the Seymour aquifer. Additionally, a negative impact exists
between agricultural fertilizer practices and the groundwater nitrate concentrations. To counter the
negative impact of agricultural fertilizer practices, “nitrogen crediting” is an inexpensive option, which
allows for the reduction of excessive over fertilizing as an enhancement for crop production and saves
the growers money in fertilizer costs. The reduced fertilizer use will contribute to the reduction of

nitrate leaching into the groundwater and lead to a higher water quality in the Seymour aquifer.
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