Chapter 3: Data Sources and Description

The conclusions that this study presents are basethvstiss calculated
from 46,507 nitate measurements tak&énom 29,485 wells throughout Texas.
Following the methods dlined in Section 2.6, and described in detail in
Chapter4 the spatial variation of the statistics is mapped to identify regions of
high or low vulnerability to nitrate contaminafi. The sptial variation in the
statistics is then compared to the spatial variation of potential water quality
indicators, including soil parameters, averageual precipitabn, and fetilizer
sales, in order to assess the value of these data as indicators of water quality.
Because the structure and limitations of these davagly influence the
choice of the méitods used, this chapter, which describes twa dtself, is a
necessary prelude t6hapters 4and 5, which describe the methodology and
procedures followed in the study. This chaptertams seven sections, one for
each data set used in the study. These data sets can be divided into three groups:
1) Primary data, consisting gfoundvater nitrate concentration measurements
and descriptions of the wells where theundvater was collected for
testing. The nitite data are described$ection 3.Jand the well data are
described irSection 3.2.
2) Data to be considered as potential indicators of water quality. These include
soil thickness and organic content describedSaction 3.3 annual
average precipitatn, described inSection 3.4 and average annual

nitrogen fertilizer sales, describedSection 3.5
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3) Independenmneasurements of nitrate and herbicides, used to test assumptions
made in the study. These incluseasurements of nitrate jpublic water
sources collected by the Water Utilities Division of the Texas Natural
Resource Conseation Commission, described thection 3.6 and the
first year's results of the U.S. Geologicaln&y's reconnaissance of
nitrate and herbicides igroundwater in the Midwest, described in

Section 3.7.
3.1 NTRATE MEASUREMENT DATA

The nitrate measurements used in thislgtcome from the Texa&/ater
Development Board's (TWDB) Groundter Data System @dstrom and
Quincy, 1992). Thistatewide database contaipBydscal descriptions of wells
and their surroundings in Texas, and levels @ncital constituents measured by
a variety ofpublic agencies. The TWDB maintains the database to characterize
the quantity and quality @roundvater availableitroughout thetste, in sipport
of the preparation of the Texas Water Plan (TWDB, 1994).

For every nitrate measurement listed in threuddwater Data System as
of October 1993—a tal of 62,692 @tabase rewds—the dta fields listed in
Table 3.1were retrieved for use in this study. Of theagadields, the well ID,
date, and nitrate level have values in alloréds. Many records have no values
for the cdlecting agency or reliability remarks. The values in the flag field are

discussed isection 3.1.1.
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Table 3.1 Nitrate Measurement Data

Name of Data Field Description

Well ID Identification number of well where
collected (see section 3.2.1)

Date Date collected
Agency Collecting agency (e.g. USGS,
TWDB, etc.)
Reliability Remarks Numeric code indicating handling and

analysis reliability
Nitrate Level Concentration (mg/l Ngp of nitrate.

Nitrate Flag Code ("<" or ">") indicating level is
reporting limit rather than measured
concentration

Table 3.2 Nitrate Measurements from Well 5740304

Reported Adjusted
Year Month Nitrate (mg/l NO3) Nitrate (mg/l N)
1966 4 <04 20.10
1966 12 <04 20.10
1967 6 14.0 3.17
1968 6 12.0 2.71
1968 7 135 3.05
1971 6 8.0 1.81
1972 5 8.0 1.81
1974 3 5.9 1.33
1976 8 4.7 1.06
1980 3 3.9 0.88
1986 6 2.13 0.48
1991 8 0.44 20.10
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Nitrate concentrations in the TWDB database are listed as mg/l nitrate
(nitrate-N(B). However, unless otherwise noted the values used in this study's
statistical analyses andpated here are in equivalent values of nitrate as
nitrogen (nitate-N), the units used in EPA regulations. 1 mg/l nitrate-N equals
4.42 mg/l nitate-N@. Each nitrate-N@ value in the data set wasrwerted to
an equivalent nitrate-N value. To maintain afommn reportinglimit for all
records used in the studyl] values at or below a value 0fL mg/I nitate-N will
be treated as@.1 mg/l. A nitate concentration greater tha@rl mg/l wil be
considered a "detection" and concentrations less than or equal to this value will
be considered to be "below detection limit." As an illustration of thiwersion
and adjustmenftlable 3.2shows the nitrate measurements listed in the TWDB
databasdor well 5740304 and the adjusted values used for analysis in this study.
Of the twelve measurements shown, nine are considered detections of nitrate and

three fall below the detection limit.

3.1.1 Nitrate Reporting Limits

The flag field in a nitrate measurement gt may be blank or may
contain a "<" or ">" character. A blankauld indcate that the value listed for
nitrate concentration in the nitrate level field is the actual value measured in the
water; a "<" or ">" indicates that the value is a detection porteng limit,
rather than an actual value. The ">" character appeared 5 times in the retrieved
data. The "<" character appearstiim?7 (6.5%) of the records. A value of 0.40

mg/l nitrate-N@ (approxmately equal to0.1 mg/l nitate-N) appears most

frequently as a reporting limit, as the bigtam inFigure 3.lillustrates. (Not
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shown in the figure are 403 records witletection limits greater than
1 mg/l NGg.)
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Figure 3.1 Reported Detection Limits for Nitrate

Although a blank in the flagdld should indcate that the nitrate level in
the record is a trumeasured concentrati, the number of occurrences of some
values suggests otherwiseigure 3.2shows a histogram of nitrate levels below 1
mg/l nitrate-N@ in records with blank flagiélds. The valu®.4 appears 9,793
times in the58,640 records with blank flagefds. It seems very unlikely that
17% of the vater measurementsparted in this databasén@uld have eactly
this value. Since 0.4 is also the most common repofimiy value, a much
more plausible explanation of this high incidence would be that the nitrate

concentration in many of these cases was below 0.4 mgdterittGg, and that

the "<" flag was omittedrom the record. Bcause of the amipiousmeaning of
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"0.4 mg/l nitate-NQg," this study vill treat all ocarrences of this value as

meaning "less than or equal to 0.4 mg/l nitratesNO
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Figure 3.2 Reported Nitrate Concentrations

3.1.2 Sampling Period

The records retrieved from the TWDRtdbase indicated sampling dates
from 1896 to 1993. The histogram iAgure 3.3 shows the number of
measurements taken in each year. As will be shown in the discussion of the
results of this study i@hapter 6there has been a slight increase over time in the
amount of nitatefound in Texas groundater. In order to reduce the egts of
this increase on the data, thedst was confined toneasurements takeduring
the years 1962 to 1993. This period was chosen in paduse of the sharp

increase in the number of nitrate samples collected perfygarl962 onward.
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Omitting nitrate measurements prior to this date retained a substantial majority
of the database in theusty while removing the measurements least likely to be

representative of the present condition of Texas groundwater.
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Figure 3.3 Nitrate Measurements Reported by Year

3.1.3 Measurement Record Accuracy

Because the nitrate measurementsmed in the TWDB dtabase come
from a varety of urces, they do not conform to a uniform set dcdliqy control
standards. In fact, there is evidence in the datadggest that many values may
be questionable. As the preceding section describes, it appears that a "<" flag
was omittedrom many records in theathbase. In addan, 140 records indate

nitrate concentrations oveb00 mg/l NG, a suspiciously high level.

(Concentations of 500 mg/l have been found iaters in the unsaturated zone
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below irrigated oops, and levels over 1000 mg/l have been found in pools in the
parts of Carlsbad Caverns where bats roost (Hem, 1989¢ertssunlikely that
concentrations this high are representative of nagmalindvater.) 51,329 of

the 62,692 nitte reords retrieved from the TWDB atlabase had blank
reliability remark fields; while thisprovides no grounds for excluding the
records, it is not a ringing endorsement either.

In spite of these reservations, thisidst has taken an "innocent until
proven giuity" approach to theneasurement recds. The dta were included in
the study "as is" unless subdgiah evidence indicated that theyhauld be
excluded. As shown ifiable 3.3 records were excluded i€liability remarks
indicated questionable collection or handli if no record could be found of the
well from which the vater was collected, if the well had bad location data (see

following section), if the reported value was "less than" a threshold greater than

Table 3.3 Excluded Measurement Records

Reason Criteria # Records Excluded
Reliability Remarks = 01, 02, or 03 7,020
Well Data No well record 11
Well Location Well mis-located 418
Lower threshold flag = "<" and 407
nitrate > 0.45 mg/l N@
Upper threshold flag = ">" 5
Collection Date Year < 1962 9,087
Total Excluded 16,185
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0.1 mg/l nitate-N(0.45 mg/l N@), if the reported value was "greater than" any

threshold, or if the measurement was takeforeel962 (see preding sectin).
These exclusions left 46,507 @ite measurement reas in the study. This set
of nitrate measurement re@cs wil be called the "base data set" in the remainder

of this document.
3.2 WELL DATA

The dataproviding physcal descriptions of the wells included in the
study comes from theamme TWDB database as the nitrate measurement data.
For each welfor which a nitate measurement was oceded—a ttal of 38,740

database records—the data fields listedable 3.4were retrieved.
3.2.1 TWDB Well Numbers

TWDB has adopted a system of identification numii@rsvells in Texas,
based on the location of the wellgpeessed inatitude and dngitude. The
following description andrigure 3.4explain the numbering system.

[The numbering system] is based on division of the state into a
grid of 1-degree quadrangles formed by degreektdtide and
longitude and the repeated division of these quadrangles into
smaller ones as shown...

Eachl-degree quadrangle is divided into sixty-four 7-1/2-minute
guadrangles, each of which farther divided into nine 2-1/2-
minute quadrangles. Eadhdegree quadrangle in th&a® has
been assigned an identification number. The/2-minute
guadrangles are numbered consecutively from left to right,
beginning in the upper-left-hand corner of the 1-degree
guadrangle, and the 2-1/2-minute quadrangles witlaich7-1/2-
minute quadrangle are similarly numbered. The first 2 digits of a
well number identify thé.-degree quadrakg the third andourth
digits, the 7-1/2-minute quadrdegthe fifth digit identifies the 2-
1/2-minute quadrangle; and the last two digits identify the well
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within the 2-1/2-minute quadrangle. (Nordstrom and Quincy,
1992)

Table 3.4 Well Description Data

Name of Data Field Description

Well ID Identification number of well (see
section 3.2.1)

Aquifer Code Alphanumeric code for aquifer or
geologic unit associated with well

County Numeric code for county where well is
located (FIPS code)

Latitude Latitude of wellhead location (DMS)
Longitude Longitude of wellhead location (DMS)
Location Method Numeric code indicating accuracy of

latitude and longitude

Depth Depth of completed well from land
surface (feet)

Depth Method Alphabetic code indicating source of
depth measurement

Altitude Elevation of land surface at wellhead
(feet above mean sea level)

Altitude Method Alphabetic code indicating source of
altitude measurement

Primary Use Alphabetic code indicating primary
purpose served by well

The TWDB well-numbering syem will be usedHhroughout this report

not only for wells and well locations, but aldor numbering 1 _, 7.5, and 2.5'
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guadrangles used to divide the st&be analysis. Well number5740304 is
located in 1_ quad 57, 7.5' quad 5740, and 2.5' quad 57403.
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L ocating Well 5740304
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3.2.2 Location Accuracy

The latitude anddngitude of a well listed in the database do not perfectly
represent the true location of that well. Different location hods have
different degrees of precision and accuracy. The TWD&u@lWater Data
System assigns a numerical code to each well lmtatndcating the reliability
of the given coordiates. The meanings of these codes are summarized in
Table 3.5 which also lists the number of wells and associated measurements

falling into each accuracy group.

Table 3.5 Location Accuracy Codes

Code Accuracy # wells # measurements
1 + 1" 12,180 22,049
2 + 5" 2,832 4,801
3 + 10" 3,814 4,936
4 +1 12 17
5 * 5,628 7,412
none unknown 4,779 7,260

*—|atitude and longitude are given for center of 2.5' quadrangle
A location mehod code of 5 indates that the given latitude and
longitude are for the center of the 2.5' quadrangle, rather tharethigself. The
TWDB states that this is a tguorary measure, necessary to include wells listed
in an older database that did not require latitude anditude for vell records.
Nearly 20% of the wlls included in the sty (and 16% of the nitrate

measurements) can be located only by 2.5' quadrangle.
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3.2.3 Selected Aquifers

Wells and nitrate measurements wgreuped for &tistical and spatial
analysis primarily by their location in the5' quadrangles numberadcording
to the system described $ection3.2.1 A subset of the wells and measurements
selectedor further examination werggrouped by assdation with five aquifers,
the Carrizo-Wilox, the Balcones Fault Zone of the Edwards, the Hueco-Mesilla
Bolson, the Ogllala, and the Seyour. The TWDB desigates these as Major
Aquifers, meaning that thewgply "large quatities of water in large areas of the
State" (Ashworth and Flores, 1991).

The field "Aquifer Code" in the Texas Groundwer Data System "is
adopted from U.S. Geolaal Survey's WATSTORE Rta File. The code
consists of three digits designating the geologic Era, System, and Series followed
by a four or five [chacter alphabetic] code designating the aquifer(s) or
stratigraphic unit(s)" (Nordstrom and Quincy, 1992).

For example, the code "124WLCX" refers to the Wilcoso@p, which
belongs to the Cenozoic Era, the flay System, and the Paleocene Series. The
code has been modified to describe wells in @undiis sttings, or which draw
waterfrom more than one faration or aquifer (Nrdstrom, 1994). For example,
the code "110AVQW" refers to a comhbtion of alluvium, Queen City Sands,
and the Wilcox Group.

Based on the aquifer delineation criteria described by Ashworth and
Flores (1991), and geologic descriptions from the Geologas/f Texas (BEG,
various years), wells were assigned to aquifeupsaccording to the TWDB

aquifer codes listed iffable 3.6 Note that a well was assigned to an aquifer
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group only if the TWDB code assiated it with a singldormation or aquifer. A

well with the code I10AVQW" was not assigned to the Carriblcox,
because it is associated with alluvium and the Queen City Sands as well as the
Wilcox Group. The number of @lls and measurements associated with these

aquifers are summarized irable 3.7.

Table 3.6 Aquifer Codes

Aquifer TWDB Codes
Carrizo-Wilcox 124CRRZ
124WLCX
124CZWX
124CZWXA
Edwards (Balcones Fault Zone) 218EBFZA
Hueco-Mesilla Bolson 112HCBL
112MSBL
Ogallala 1210GLL
Seymour 112SYMR

Table 3.7 Wells and Measurements in Selected Aquifers

Aquifer Wells Measurements
Carrizo-Wilcox 2292 4597
Edwards (BFZ) 412 1691
Hueco-Mesilla Bolson 404 1908
Ogallala 3483 4430
Seymour 1993 2526

The five aquifers are shown iRigure 3.5. The map was created by
combining the outlines of the aquifei®m five GIS coverages prepared by
TWDB, and represents that agency's estimate of the extent of the aquifers on
surface and the limits of the uqmosed (downdip) regions that provide usable

water. Brief descriptions of the aquifers follow.
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Carriz o-Wilcox Aquifer. "The Carrizo-Wilcox aquifer includes the Carrizo
Formation and the entire Wilcoxr@up. It extends across théagfrom Mexico

to Louisiana" (Ashworth and Flores, 1991). The Carrizonfédion consists
primarily of quartz sad, feldspar, and sandstone (BEG, 1974a and 1968). The
Wilcox Group consists pmarily of quartz sad, mudstoneglay, and silt (BEG,
1974 and 1968). The TWDB aquifer codetestedfor this aquifer group are
"124CRRZ" for Carrizo Sand, "124WLCX" faWilcox Group, "124CZWX" for
Carrizo Sand and Wilcox Gup—Undifferetiated, and 124CZWXA" for
Carrizo Wilcox Aquifer. (Norstrom and Quincy, 1992).

Edwards Aquifer (Balcones Fault Zone)."The Edwards (BFZ) aquifer consists

of all the unitsformations and other members below the Del Rio Formation and
above either the Glen Rose Limestorw, when it is present, th&alnut
Formaton." (Ashworth and Flores, 1991). ThelBones Fault Zone of the
Edwards Aquifer is made up of a variety of limestdoemations with some
included dolomite and shale (BE®74a and 1974b). The TWDB aquifer code
selectedfor this aquifer group is "218EBFZA" for Edwards aAdsciated
Limestones—Balcones Fault Zone.

Hueco-Mesilla BolsonAquifer. "The Hueco-Mesilla Bolson aquifer consists of
Cenozoic alluvial and bolson deposits that occur within the valleys that flank the
Franklin Mountains; and extembrth and west into New Mexico, and south into
Mexico... Although hydrologally connected, the aquifer does not include the
overlying Rio Grande alluvium." (Ashworth and Flores, 1991). The Hueco and
Mesilla deposits include alluvium and "fluviatile deposits of clay, silt, sand and

gypsum in bolsons" (BEG, 1993). The TWDB aquifer coddectedfor this
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aquifer group are "112HCBL" for Hueco Bolson Deposits and "112MSBL" for
Mesilla Bolson Aquifer.

Ogallala Aquifer. "The Ogallala aquifer consists primarily of the Ogallala
Formation and extendw®orth, west, and east intojadent states. Thieoundary

of the formation is mappedailg the eastern Highldns escarpment and along
the Canadian River Valley, where tliermation outcop is in comact with
underlying fomations of Cretaceous, Triassic, or Permian age. The southern
extent is placed at the estimatémtmation pintiout” (Ashworth and Flores,
1991). The Oagllala Formation consists of "fluviatile rsd, slt, clay, and gravel
capped by caliche" (BEGL967). The TWDB aquifer codeeslectedfor this
aquifer group is "1210GLL" for Ogallala Formation.

Seymour Aquifer. "The Seymour aquifer occurs in lated, eoded alluvial
remnants in north-central Texas. The areabndated are based omrface
extent, well development and usagéonsequently manynsaller remnants that
providelittle water or are not developed, are not mapped" (Ashworth and Flores,
1991). The Seymour Fmiation consists of "Thick deposits... mostlyndasity
orange-brown to red, thick-bedded, massiveally with large-scale cross-beds
and gravel" (BEG, 1987). The TWDB aquifer coddestedfor this aquifer

group is "112SYMR" for Seymour Formation.
3.2.4 Well Description Accuracy

In addition to the location of the well, the accuracy of a well's depth and
aquifer code are of particular interest to thiglgt The histogram of &l depths
less than 200efet shown irFigure 3.6illustrates the ovetandance of reported

well depths equal to zero or integer multiples of 10 feet. Well depths are often
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reported by drillers or well owners, who may not alwaypoed to @ta requests

with scientific precisin. Although the TWDB GrounWater Data System Data
Dictionary does not say so, the large number of zero deptguests that zero

may mean "no data" in many cases. The assignment of aquifer codes usually
comes from a geologist's integpation of driller's logs, dirom dataprovided by

an agency other than the TWDB, such as the U. S. Geologicatysor various

state water districts, tharovide well data to the TWDB. Thiprocess is not
under a uniform cality-control program, and is c&inly subject to somerers.
However the number of erroneociassifications isould be expcted to be small

in comparison to the database as a whole (Nordstrom, 1994).
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Figure 3.6 Well Depths (less than 200 feet)
The well description data included in theudy, like the nitrate
measurement data, were accepted "as igiouitmany exclusions. This does not

mean that the data is consideredoefree, but rdects the belief that the
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guantity of data is largeneugh that individual errorsitivnot significantly effect
the study's conclusions.

Well description reords were excluded from the study if theellg
latitude anddngitude lay outside the quadrangle indicated by its ID nurf2€r
records), or if no niate measuremenfsom that vell were left in the nitrate
measurement table after the deletion of unsuitablerdsc (9,485 records,
including the mis-located wells). These deletions &255 vell description

records in the study.
3.3 IL DATA

The soil data used in thisusly comes from the U. S. Depawent of
Agriculture's State Soil Ggraphic tabase (STAFGO) (USDA,1993). This
rather complex data set has two major ponments: maps—represented in a
GIS—and several related database tables. Thidystraws dta from the
STATSGO map of Texas and threelated database tables, the map unit,
component, and layer tables. Both the map and the tables are stored and
manipulated in Ardhfo. This fction describes therganzation of STATSGO
data and the way that valus two soil paameters, soil thickness and average
soil organicmatter content, were extractébm the ctabasefor use in this

study.
3.3.1 STATSGO Map and Data Structure

STATSGO maps are corgd from many sources, including soil survey
maps, county andate general soil maps, state major landuese area (MLRA)
maps, and LANDSATIimages. The soigroups shown in these sources are

transferred to USGS 250,000-sale base maps and digitized. The basic spatial
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unit of orgafizationfor STATSGO is themap unif a combination of associated
phases of soil series with a minimum size ppaxmately 6.25 kn?. A map
unit is identified by a code (Map Unit ID or MUID) consisting of the two-
character bbrevation of the state's name and a three-digit nunffloerexample,
TX071). Map units also haveames reflecting the sogroups they cadin (for
example, TX071 is amed "Brackett-t®xves-Real”). The map units are not all
contiguous; the map of Texas tams 4031 polygon<lassified into 632 map
units, so on the average a Texas map unit is made up of six discontiguous
polygons. Of the 632 map units in the ST3FO dtabasefor Texas, one
(TX631) has no asstated poygons, and one (TXW, theatergroup) has no
associated soil parameter values. The remaining map units range froare®
km?2 to 21,500 knd, with an average area of 1,082 %and a median area of 570
km2. The histogram iffigure 3.7shows that a substantial majority of the map

units cover areas of less than 1,0002km
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The relationship between the pgbns, map units, analated tables is
illustrated inFigure 3.8and described in the following paragraphs. (The map
units and data shown Figure 3.8are made up for purposes of illustration.)

The map units are made up admponentsalso called "soil sequences,”
or "soil series.” Although the STAGO map does not show cpanents, they—
like the map units—are horizontal divisions of the eartiffase, and the area of
a map unit is the sum of the areas of the componentstaiosn Each map unit
may contairfrom 1 to 21 components. In Texas, map unitda&ionan average
of 9 components. A component is uniquely identified by a map unit ID and a
sequence number. STATSGO assignspéOpeties to the comonents, and
stores
their values in the linked tables, including the component table. In the
component table, the area of a component is expressed as a percentage of the
map unit area.

The components, in turn, are made uplafers which are vertical
divisions of the soil. A component is a sequence of from 1 to 6 soil layers. In
Texas, components ct@in an average of 3 layers. A layer is uniquely identified
in the table by the map unit ID, the sequence number, and a layer number.
STATSGO assigns 2fropeties to each layer, and stores their values in linked
tables, including the layer table.

The soil thickness, organic content, and bulk density values used in this
study are stored in the layer table. All of these tjtiam are &pressed as

ranges, with maximum and minimum values listed in the table. For example, the
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minimum depth of the top layer in a component is zero, and the maximum depth

of the bottom layer in a component is equal to the thickness of the component.
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Polygon Attribute Table

Map Unit Table

1 TXO001 2160
2 TX002 2843
3 TXO001 1469

Poly MUID Area

MUID Area
\ TX001 3629
) TX002 2843

STATSGO Map

Polygon 1
Map Unit TX001

Polygon 2
Map Unit TX002

Polygon 3
Map Unit TX001

Component Table

MUID Seq# Comp% Props
TX001 1 20 -
TX001 2 24
TX001 3 56
TX002 1 48
TX002 2 52
Layer Table
MUID Seq# Lay# Mindep Maxdep Props
TX001 1 1 0 6 :
TX001 1 2 6 17
TX001 1 3 17 22
TX001 2 1 0 8
etc.

Figure3.8 STATSGO Map and Data Organization




3.3.2 Using STATSGO Data

Figure 3.9shows excerpts from the STSGO map of Texas, giving
some idea of the spatial structure of the map units. The area falling in the 1_
guadrangle between 30_ and 31 laitude and98 and 99 W longitude (1_
guadrangle number 57 in the TWDB well-numberingtesyg is divided into
roughly 140 polygons, which belong to 18 map units. Thicsed 7.5
guadrangle (number 5740) dams parts of two map units, which have
identification codes "TXW" and "T@71." TXW is the code foall bodies of
water in the state (in this case, part of Lake Travis), an@7IXs the "Bracétt-
Purves-Ral," map unit . The soil series (also called "ponments") that make up
TXO071 are listed imable 3.8.

Table 3.8 extractedrom the component table, shows, for example, that
the Purves soil series makes up 13% of map unit TX07dble 3.9 extracted
from the layer table, shows values for minimum and maximum layer depths in
inches and minimum and maximum orgamaterial content . Theupves series
consists of three layers, which are 12, 2, and 6 inches thiclectesgly. The

total depth of the Purves series is thus 20 inches.

80



62

Quadrangle 57 (1°)
Map Unit Polygon Boundaries

Quadrangle 5740 (7.5"
Map Unit Polygons

B xXw (water)
I TX071 (Brackett-Purves-Real)

Figure3.9 STATSGO Map Units



Table 3.8 Soil Series in Map Unit TX071 "Brackett-Purves-Real"

Seq.# Seq. Name Comp %
1 BRACKETT 28
2 BRACKETT 12
3 PURVES 13
4 REAL 7

5 REAL 3

6 ROCK OUTCROP 3
7 ROCK OUTCROP 3
8 COMFORT 6
9 BOLAR 4
10 DOSS 4
11 KRUM 4
12 ALEDO 5
13 OAKALLA 2
14 GRUENE 1
15 ECKRANT 2
16 BOLAR 1
17 SUNEV 1
18 TARPLEY 1
-- TOTAL 100

Table 3.9 Layers in Purves Component of Map Unit TX071

sequence layer min. max. min. max. min. max.
number number depth  depth  organic organic bulk bulk
matter matter density density

(inches) (inches) (%) (%) (g/cm3) (g/cmd)

3 1 0 12 1 4 1.25 1.45
3 2 12 14 1 2 1.25 1.45
3 3 14 20 0 0 0 0
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Calculating the averagerganic material contenfor the layer requires
more computation than the layer thickness. Organic matterpiessed as a
percentage of soil mass, and must be multiplied by the bulk density of the soil to
produce an organic mass density. Each layer, the averaggganic content
and bulk density can be estimated as thdpwint between the minimum and
maximum values (2.5%, 1.5%, and 0% orgamiatter, and1.35, 1.35, and 0
g/lcm3: respectivel). Multiplying these values by the layer thicknesses and
summing over the layers produces atineste of theorganicmaterial per unit

area in the component.
n

_(Omin. + omax)i (Pmin. + Pmax)i
M= bj

2 2 (3-1)

i=1
where M is the density of organiatter (g/crd) for the component, jkis the
thickness (cm) of the layer, o is the weight percentage (by weight) of organic
matter in the layem is the bulk density (g/cR) of the layer, and n is the number
of layers in the component. Adtor of 10 is used to convert g/érto kg/n?.
Table 3.10shows how the organic content in the Purves seriecalaslated to
be 11.32 kg/A. Note that the organimatter contenfor the component is
expressed as a density by area, rather than vol@oaube th@rganic content

has been integrated over the depth of the soil.
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Table 3.10 Derived Values for Soil Organic Content in Purves Series (Map Unit

TX071)
sequence layer thickness  mid bulk mid organic
number number density organic content
(cm) (g/lcmd) matter (%) (kg/m?)
3 1 30.5 1.35 2.5 10.29
3 2 5.1 1.35 1.5 1.03
3 3 15.2 0 0 0.00
3 all 50.8 -- -- 11.32

Table 3.11 Soil Series Parameters for Map Unit TX071

Seq. # Seq. Name

Comp %

Thickness Avg. om
(inches) (kg/m?)

1 BRACKETT 28 60 23.26
2 BRACKETT 12 60 23.26
3 PURVES 13 20 11.32
4 REAL 7 36 9.07
5 REAL 3 36 9.07
6 ROCK OUTCROP 3 80 0

7 ROCK OUTCROP 3 80 0

8 COMFORT 6 20 4.44
9 BOLAR 4 44 18.86
10 DOSS 4 48 13.03
11 KRUM 4 72 28.61
12 ALEDO 5 20 5.83
13 OAKALLA 2 60 11.18
14 GRUENE 1 80 0

15 ECKRANT 2 30 17.86
16 BOLAR 1 44 18.86
17 SUNEV 1 72 22.69
18 TARPLEY 1 22 11.02
unit TX071 100 48 15.77
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Table 3.11shows the calculated soil thicknesses arghnic matter for
the components of TX071. The map unit values shown on the last line of
Table 3.11are area-weighted averages, calculated by summingrturicts of
the parameter values and the @ament percentages. Although values can be
calculatedfor the soil paameters at both cqmnent and map unit levels, only
the map unit averages can be located on the SIXO map. For example, the
Purves series makes up 13% of map unit TX071, but SI3Q provides no
information dout which 13% that is. For this reason, the SB80D dita canot
properly be applied to any areas but the STATSGO map units.

STATSGO's elativelypoor sgtial resolution presents a difficyitoblem
for users of the ata. In this stdy, the vell and water quality data acgganzed
on spatial units 02.5' quadrangles, which are muchadler than STABGO map
units. Figure 3.10shows the relative sizes of map unitd74, a 1 _ quadrangle, a
7.5' quadrangle, and a 2.5' quadrangle. Map unit TX071 covers about 6,700
square kilometers; in the same part of the state, a 1 quadrangle dowets a
10,000 square kilmeters, &.5' quadrangle covers about 166 squaremiers,
and a 2.5' quadrangle covers about 18.5 squarmétkrs. A2.5' quadrangle is

roughly the same size as the Oakalla component of map unit TX071.
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Figure 3.10 Map Unit TXO71 with
Quadrangles for Size Comparison
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Applying map unit values to areas other than the map units themselves—
such as 2.5' quadrangles—requires the user to assuraéia djstribution of the
soil series within the map units. The simplest assumption, and the béabkey
without requiring suplementary data, is that the area-weighted averages of soil
parameter values are tmimly distributed propéies of the map units. This
assumption contradicts fact, and the SB&IO user's guide spifically warns
against it.

In spite of this warmig, this study employs just this assumption. This use
of the data can be justified on a varietygobunds. First, this study seeks to
describe the variation of water qualityough Texas using aathbaserganzed
in 2.5' quadrangles. The STAGO map units arerganzed in different
divisions of the land surface and the two systems are irreconcilable; one must be
compromised. Since the well data are pmyn@ompromise of the STATSGO
data must be tolerated. ®aclly, the map units, by their nature, are groups of
associated soils, so the variation in swidpeties between map unitaight to be
greater than the variation within map units. Thirdly, since this is a statewide
study, it is reasonable to assume that the errors introduced by mishandling the
STATSGO dita small aough that they W not significantly influence the
conclusions drawn over so large a study area.

Using this compromise, soil parameters will be estimated by the
following procedure. Any region (e.g., a 7.5' quadrangle) lying entirely within
the boundaries of a STAIGO map unit Vil be assigned the average parameters
for that map unit. Any region that crosses SB&IO map uniboundaries will

be assigned soil parameter values equal to the area-weighted average of the
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values associated with thmn-water map units that lie within the regi. For
example, since quadrangle 5740 is composed entirely abvérw(TXW) and
portions of map unit TX071, it would be assigned values equal to the averages

for TX071.

3.3.3 Range and Distribution of Soil Parameter Values

The average soil thickness in the noat&r map units rangefsom a
minimum value of 22.4 inches to a maximum of 88 inches. The area-weighted
average of the soil thickness is 65.2 inches, and the median values is 69.9 inches.
The histogram-like chart iRigure 3.11shows the map unit area associated with
ranges of soil thickness in 5-inch bins. The distribution of soil thickness over the

surface of Texas is illustrated igure 3.12.
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The average soil organic content in the non-water map units ranges from a minimum
value of 0.76 kg/m2 to a maximum of 74.9 kg/m2. The area-weighted average of the soil
organic content is 16.2 kg/m2, and the median values is 15.1 kg/m2. The histogram-like chart
in Figure 3.12 shows the map unit area associated with ranges of soil organic content in 5-
kg/m2 bins. The distribution of soil organic content over the surface of Texas is illustrated in

Figure 3.13.
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Figure 3.13 Soil Organic Matter Histogram
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3.4 HMRECIPITATION DATA

The precipitation data used in thisidy were copied from, or derived
from data included in Mdrosphere Inc.'€limatedataCD-ROMs (H/drosphere
Data Poducts, Inc., 1994). Thisath set consists of GIS coverages showing point
locations of the observation stations, and database tables listing the daily
observations of climatic daffar the period of record of the TD-3200 rSmary
of the Day Coopettive Observer Netark database of the National Climatic
Data Center (NCDC).

3.4.1 Preparation of Annual Average Precipitation Map

The annual average precipitation map used in thidysts intended to
reflect the variation of expected rainfall across Texas. The objective in
preparing the map was not to produce the best possibléeciiwadof average
annual precipitation at each statj which would require that the entire period of
record be used foeach statin, but rather to produce the bestiraate of the
relative magnitudes of precipitation at different stations, which requires that the
same period be reported for all stations.

This goal sets up an interesting set of conflicting requirements. For any
map, including more points improves theasal resoluton, and for anytime
series, extending the period of record increases confidence inatbelated
average values. Requiring that the period of record beathefsr all stations
means that stations operatifag only a part of the period cannot be included in

the map, so a longer period of record leads to fewer points, and vice versa.
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After a trial-and-error exploation of the data, the following criteria were
used to select the data for the map used in this study:
1. The period of record for the map extends from 1951 to 1980.
2. A station is deleteftom the map if a sequence of than two years is missing
from the $ation's reords. (NCDC considers a year "missing” if it tains a
missing month. A month is "missing"” if more than nine days of data are absent.)

The selected period of rea includes periods of both very low
precipitation (the early-to-mid950s) and very high ecipitation (the early
1970s), and can be considered a reptesee periodfor precipitation in Texas.
Requiring a longer period of record (1951-1990) or &dleg only single-year
gaps resulted imughly 25% redctions in the number of stations included in the
map.

The procedure used to geatr the precipitation map is described in

Section 5.2.3 The resulting map appearsimure 3.15.
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3.4.2 Range and Distribution of Precipitation Data

The Thiessen polygons range igesfrom a minimum area of about 10
km2 to a maximum area of about 10,600%mwith an average area of 2,130%m
and a median area of 1,690 &mThe size of the pgtons is inverselyalated to
the density of gauges and hence to pafon. Polygons arengall aroundcities
and large in the unpofated areas of west TexasFigure 3.16shows the
frequency distribution of Thiessen polygoizes for the study's pmcipitation

gauging network.
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Figure 3.16 Thiessen Polygon Area Histogram

By the reckoning described section3.4.1, average annual precipitation
ranges from a low of 7.8 inches in El Paso to a high of 59.1 inches in Orange.

The area-weighted average precipitationTexas as a whole is 26.8 inches and
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the area-based median is 24.5 inchegdning that half the area of the state
averages more than 24.5 inches oéqgipitation per year and the other half
averages less). The histogram-like diagramFigure 3.17shows how the

Thiessen polygon area associated with the various levels of precipitation.
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Figure 3.17 Precipitation Histogram

3.5 FERTILIZER SALES DATA

The nitrate fertilizer application data has gimorest satial resolution of
all the data used in thisusty. Figure 3.18was generatedhfom annual total
fertilizer sales collected nath-wide on a county level by the EPA'sioff of
Policy Planning and Evaluat. Battaglin and Goolsby1995) elated sales
figures for the years 1986—-1991 to county maps of theetdiStates as part of a

project to illustrate nationwide trends in agricultural chemical use with GIS (Mr.
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Battaglin made the fertilizer data used in thigdgt a\ailable to the atmor prior

to the publication of the cited pert). In addion to listing the total number of
tons of fertilizer sold in eachoanty, Battaglin and Goolsby divided the tons of
fertilizer sold by the total area of theunty to compersde somewhator the
range of variation in size obanties. The result is a number that they call "use"
in tons per square mile. For the mapHmure 3.17 six years of use were
averaged foeach ounty. These averages range from a low ofh@aning no
recorded nitate sales in theotinty for the six years, and a high of 18.9 tons per

year of recorded nitrate fertilizer sales per square mile of county.
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3.6 WATER UTILITIES DIVISION NITRATE MONITORING DATA

Nitrate measurements collected by the Water Utilities Division (WUD) of
the Texas Natural Resource Consgion Commission as part of their Primary
Drinking Water Standardswéorcement &orts, were used as an independent data
set to test nitrate vulnerability predictions based on the TWDB data.

The nitrate measurementpagted by the WUD are collected at points of
entry to public water distribution systems, i.e., after whtan mutiple sources
has been mixed and treated. A water system may have several points of entry
and several wells orusface intakes upplying those points of entry.Water
samples from points of entry do not represent individwglsaunless the point of
entry is tied to only one well.

The dataprovided by the WUD include ndte concentrations measured
at points of entry, ideniidations of those points of entry and the wells and
surface intakesupplying them, and the éations of the wells. These were
represented in two database tables and a GIS coverage. The nitrate measurement
table includes the system and point of entry identificatboreach measurement,
along with the dte of sample collection and analysis results. The point of entry
table contains one redd foreach well, listing the well ID, system ID, and point
of entry ID. (WUD well numbers are not the same as TWDB well numbers.
They are based on county andter sipply identifcation, rather than geographic
coordirates.) By linking nitrate concentration to points ofrgnpoints of entry
to wells, and wells to locations, it is possible to tie nitrate concentrations to

guadrangles for comparison to the quademdencerobalilities calculatedrom
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the TWDB data. Therocess and results of this comparison are described in

Sections 5.&nd6.4.
3.7 HERBICIDE AND NITRATE DATA FROM M IDWESTERN U.S.

Because of the lack of afficient quantity of measurements of herbicides
and other man-made agricultural chemicals in TegEmindvater, it is not
possible to determine whether vulnerability to nitrate isrredated to
vulnerability to other agricultural chemicals in Texas. Howeveroroter to
generalize the results of audy of vulnerabity to nitrate contamination to other
agricultural chemicals, it is necessary to assume some relationship between
nitrate and those other chemicals. The data presented by Kolpirf1&93) is
used to test the rather mild assumption that geologntiitons favorable to a
high rate of detection of elevated nitrate levels will also ber&ble to a high
rate of herbicide detections.

The data were collected P91 from 300 wlls in the Midwestern U.S.
The nitrate and herbicide data were collected as part offam ® chaacterize
the spatial and seasonal distribution of agricultural chemicatgdaondvater,
and to provide dtafor an exploratory tatistical analysis of the influence of
anthropogenic, and geologic and other natueadtdrs on the occurrence of
herbicides (Kolpin and Burkart, 1991).

A full account of the reconnaissance can be found ircitieel references.
The data used here included thepaeed concentrations of nitrate and nine
herbicides or herbicide metabolites (alachlatazine, cyanazine, deethyl-
atrazine, deigpropyl-atazine, metolaclr, metribuzin, prometon, and

simazine), and two geologic descriptors of weltrgundings (depth to top of
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aquifer, and aquifer type—bedrock or unconsatiédl). The use of theath is

explained inSection 6.5.
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