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Geologic and Hydrogeologic Information for a
Geodatabase of the Brazos River Alluvium Aquifer,
Bosque County to Fort Bend County, Texas

By Sachin D. Shah and Natalie A. Houston

Abstract

During July—October 2006, the U.S. Geological Survey (USGS), in cooperation with the
Texas Water Development Board (TWDB), developed geologic and hydrogeologic information for
a geodatabase for use in development of a Groundwater Availability Model (GAM) of the Brazos
River alluvium aquifer along the Brazos River from Bosque County to Fort Bend County, Texas.
The report provides geologic and hydrogeologic information for a study area that encompasses the
Brazos River alluvium aquifer, a 1/2-mile-wide lateral buffer surrounding the aquifer, and the rocks
immediately underlying the aquifer. The geodatabase involves use of a thematic approach to create
layers of feature data using a geographic information system. Feature classes represent the various
types of data that are keyed to spatial location and related to one another within the geodatabase.
The 1/2-mile-wide buffer surrounding the aquifer was applied to include data from wells
constructed primarily in alluvium but outside the boundary of the Brazos River alluvium aquifer. A
1/2- by 1/2-mile grid was generated on the study area to facilitate uniform distribution of data for
eventual input into the GAM. Data were compiled primarily from drillers’ and borehole
geophysical logs from government agencies and universities, hydrogeologic sections and maps
from published reports, and agency files. The geodatabase contains 525 points with geologic data
and 280 points with hydrogeologic data.

Introduction

During July—October 2006, the U.S. Geological Survey (USGS), in cooperation with the
Texas Water Development Board (TWDB), developed geologic and hydrogeologic information for
a geodatabase for use in development of a Groundwater Availability Model (GAM) (Texas Water
Development Board, 2006a) for the Brazos River alluvium aquifer. The geologic and
hydrogeologic information pertains to a study area (fig. 1) that encompasses the Brazos River
alluvium aquifer (the area of occurrence of which comprises parts of Bosque, Hill, McLennan,
Falls, Grimes, Brazos, Burleson, Robertson, Milam, Washington, Waller, Austin, and Fort Bend
Counties), a 1/2-mile-wide lateral buffer surrounding the aquifer, and the rocks immediately
underlying the aquifer. The information, in geodatabase format (Zeiler, 1999), includes altitudes of
the top and base of the aquifer and hydrogeologic properties such as hydraulic conductivity,
specific capacity, and transmissivity. The geodatabase does not include data for every part of the
study area; it is limited to selected digital and hard-copy data from published reports, the TWDB,
Texas Commission on Environmental Quality (TCEQ), various universities, and ground-water
conservation districts (table 2).
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Figure 1. Brazos River alluvium aquifer study area, Bosque County to Fort Bend County, Texas,

showing 1/2- by 1/2-mile grid used to facilitate uniform data distribution.



Purpose and Scope

The purpose of this report is to provide information for a geodatabase for use in
development of a Brazos River alluvium aquifer GAM. The information is in the GAM Source
Data Geodatabase format (Texas Water Development Board, 2006b). After a brief description of
the geology and hydrogeology of the study area, the characteristics and function of the geodatabase
are described and then the methodology used to create the geologic and hydrogeologic components
of the geodatabase.
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Geologic and Hydrogeologic Setting

The Brazos River alluvium aquifer is defined by the TWDB as a minor aquifer (Ashworth
and Hopkins, 1995). The aquifer comprises Quaternary-age, unconsolidated clay, silt, sand, and
gravel deposited by flooding of the Brazos River, and Pleistocene-age fluvial terrace deposits. The
1/2-mile-wide buffer surrounding the aquifer primarily comprises Pleistocene-age fluvial terrace
deposits. The rocks immediately underlying the aquifer compose numerous sedimentary geologic
units of Tertiary and Cretaceous age. The thickness of the Brazos River alluvium aquifer exceeds
80 feet in some isolated, downstream areas but averages about 45 to 50 feet throughout its extent
(Cronin and Wilson, 1967). The geologic units immediately beneath the aquifer primarily are
composed of sand and clay and the thickness of the units varies substantially (table 1).

According to HDR Engineering, Inc. (2001), water in the alluvial aquifer occurs under
water-table conditions and primarily is used for irrigation. The water table slopes toward the Brazos
River, indicating that the Brazos is gaining water from the aquifer. Recharge to the aquifer occurs
primarily through direct rainfall on the aquifer and subsequent downward leakage to the saturated
zone. Discharge from the aquifer primarily occurs through evapotranspiration and withdrawals
from wells.

Geodatabase

A geodatabase is a spatially enabled database that contains spatial information; it is an
extension of tabular data that allows users to correlate tabular data with physical and spatial
components. With a geodatabase, geographically referenced data can be manipulated using a
geographic information system (GIS) to produce maps, interactive queries, and various types of
spatial analyses. A geodatabase provides a framework and an interactive tool to aid in
understanding subsurface structure. The geodatabase developed for the GAM is an Environmental
Systems Research Institute (ESRI) ArcGIS personal geodatabase. ArcGIS personal geodatabases
are stored as Microsoft Access files (Zeiler, 1999). The geodatabase can be used to interpret the
thickness of the Brazos River alluvium aquifer on the basis of aquifer top and base altitudes and to
associate hydrogeologic properties such as hydraulic conductivity and specific capacity with point
locations in the study area.



Table 1. Lithology and water-yielding characteristics of the major geologic units of the Brazos River
alluvium aquifer study area, Bosque County to Fort Bend County, Texas (modified from Cronin and

Wilson, 1967).

limestone

Geologic Maximum Water-yieldin
System Series 9 thickness Lithology yielding
unit characteristics
(feet)
Alluvium 82 Fine to coarse sand, Yields small to large quantities of
Holocene gravel, silt, and clay fresh water mostly to irrigation
wells along the Brazos River.
Quaternary Fluvial terrace 70 Fine to coarse sand, Yields small to large quantities of
Plei deposits gravel, silt, and clay fresh water mostly to wells for
eistocene . .
rural-domestic and livestock use
and some irrigation wells.
Catahoula 460 Clay and sand Yields small quantities of water to
Miocene Sandstone wells in the outcrop for rural-
domestic and livestock use.
Jackson Group 1,480 Shale, volcanic ash, Yields small quantities of water to
sand, and clay wells in the outcrop for rural-
domestic and livestock use.
Yegua 1,150 Fine to medium sand, | Yields small quantities of water to
Formation silt, clay, and gypsum | wells for public supply, domestic,
and lignite livestock, and irrigation use
Cook Mountain 550 Clay, small amount Yields small quantities of water to
Formation of sand, sandstone, wells that tap the Spiller Sand
limestone, Member
glauconite, and
gypsum
Sparta Sand 290 Fine to medium sand | Yields small to large quantities of
with some clay, and water to wells in and downdip
sandy clay from the outcrop
Weches 130 Iron-bearing Yields small quantities of water to
Formation glauconitic clay and wells in the outcrop for rural-
sand domestic and livestock use.
Queen City 540 Massive to thin- Yields small quantities of water to
: Sand bedded, fine to wells in and several miles
Tertiary Eocene medium sand, clay, downdip from the outcrop
and some lenses of
conglomerate
containing iron
Reklaw 430 Glauconitic sand and | Capable of yielding small
Formation silt in the lower part quantities of water to wells.
of the formation; clay
and thin beds of
sandstone in the
upper part
Carrizo Sand 250 Fine to coarse, cross- | Yields small quantities of water
bedded sand and mostly to public-supply wells.
some thin beds of
sandstone and clay
Wilcox Group 3,900 Fine to coarse sand Yields water to public-supply,
and sandstone, sandy | irrigation, domestic, and livestock
clay, clay, and shale, | wells. Most water is produced
with some lenses of from the Simsboro Formation.
limestone and lignite
Midway Group 900 Glaucontic sand, silt, | Yields small to moderate quantities
Paleocene calcareous clay, and of water chiefly from limestone

lentils.




Table 1. Lithology and water-yielding characteristics of the major geologic units of the Brazos
River alluvium aquifer study area, Bosque County to Fort Bend County, Texas (modified from
Cronin and Wilson, 1967)—Continued.

Cretaceous

Navarro Group 200 Sandy marl and clay, [Locally yields small quantities of
glauconitic; fine sand | fresh to moderately saline water to
in places lime wells.
cemented

Taylor Marl 1,110 Marl, sandy marl, Locally yields small quantities of
chalky limestone, and | fresh to moderately saline water to
calcareous sandstone. | wells.

Austin Chalk 600 Chalky and marly Locally yields small quantities of

Gulfi limestone and limey fresh to moderately saline water to
ulfian
shale. wells.

Eagle Ford Shale 200 Shale, thinly bedded Locally yields small quantities of
sandstone and fresh to moderately saline water to
limestone. wells.

Woodbine 185 Cross-bedded Locally yields small quantities of

Formation ferruginous sandstone, |fresh to moderately saline water to
shale, clay, sandy clay, | wells.
lignite, and gypsiferous
clay.

Washita Group 580 Fossiliferrous Yields small to large quantities of
limestone and marl; water to public-supply, domestic,
some shale, clay, sand, |and livestock wells and springs.

Comanchean and shells.
Fredericksburg 580 Fossiliferrous Yields small to large quantities of
Group limestone and marl; water to public-supply, domestic,

some shale, clay, sand,
and shells.

and livestock wells.

A geodatabase involves use of a thematic approach to create spatial layers of data called
feature classes in a GIS. Feature classes represent the various types of data that are keyed to spatial
location and related to one another within the geodatabase. Point feature classes typically represent
wells in the study area. The various types of data are separated into relational tables in the
geodatabase on the basis of how they interact and correspond with the spatial feature class. These
relational tables represent a collection of features and the relations between them. The goal is to
provide accurate representations of the spatial extent and properties of the Brazos River alluvium
aquifer using the geologic and hydrogeologic data that have been compiled in the GAM
geodatabase format.

Methodology

A ground-water model requires a large amount of information about the aquifer. Initial steps
in developing a ground-water model are obtaining and preparing for use detailed information on the
structure and properties of the hydrogeologic units, specifically geologic and hydrogeologic data.
The Brazos River alluvium aquifer is the single hydrogeologic unit that is the focus of the Brazos
River alluvium aquifer GAM. Compiling data, entering data into the geodatabase, ensuring data
quality, and documenting the associated metadata are the primary steps involved.

Data Compilation

Geologic and hydrogeologic data were organized and incorporated into the geodatabase.
The 1/2-mile-wide buffer surrounding the aquifer (fig. 1) was applied to include data from wells
constructed primarily in alluvium but outside the boundary of the Brazos River alluvium aquifer
delineated by Ashworth and Hopkins (1995). A 1/2- by 1/2-mile grid was generated on the study




area to facilitate uniform distribution of data for eventual input into the GAM. Data were compiled
primarily from drillers’ and borehole geophysical logs from government agencies and universities,
hydrogeologic sections and maps from published reports, and agency files (table 2). Drillers’ and
geophysical logs were used to obtain lithology and altitudes of the top and base of the Brazos River
alluvium aquifer. Data gaps exist in parts of the study area; for example, at some sites, drillers did
not describe the lithology and thickness of the alluvium as separate and distinct from the underlying
unit where the two showed similar lithologic characteristics, thus precluding identification of the
base of the aquifer at those sites. Data gaps also exist in areas where the alluvium is too thin to
yield adequate amounts of water and therefore contains no wells.

Table 2. Sources of data compiled and entered into the geodatabase of geologic and hydrogeologic
information, Bosque County to Fort Bend County, Texas.

Data source Supplying entity or report

Drillers' logs Texas Commission on Environmental Quality - Public Drinking Water Division

Texas Water Development Board - Water Information Integration Dissemination System
Texas A&M University Department of Geology

Baylor University Department of Geology

U.S. Geological Survey Brazos River alluvium archives

Fort Bend Subsidence District

Post Oak Savannah Groundwater Conservation District

Geophysical logs University of Texas Bureau of Economic Geology

Texas Commission on Environmental Quality Surface Casing Division

Hydrogeologic sections and maps ~ Cronin and Wilson (1967)
Cronin and Follet (1963)
Baker and others (1974)
Follet (1974)
Naftel and others (1976)
Sandeen (1972)
Turner (1950)
Wesselman (1972)
Wilson (1967)

Files U.S. Geological Survey Brazos River alluvium archives

Data Input

Digital data were imported and hard-copy data were entered manually into the geodatabase
according to the TWDB GAM geodatabase scheme. Because the scope of geodatabase
development was limited to geologic and hydrogeologic data, only feature classes and tables
containing geologic and hydrogeologic attributes were populated. Spatial and lithologic data from
drillers” and geophysical logs were input into the GeoLocations and WellL.ogs feature classes,



respectively. Related data were populated in corresponding tables. The feature classes and tables
that were populated in the geodatabase are listed in table 3. Drillers’ logs of wells are recorded at
the time of drilling and are subsequently assigned a State well number by the Texas Water
Development Board. The well-numbering system of this report (fig. 2) is that of the TWDB Ground
Water Data System (GWDS) (Nordstrom and Quincy, 1999). Wells not in the GWDS were
numbered using a modified State well number called the key well number, as described in TWDB
GAM technical memo 06-01 (Texas Water Development Board, 2006b). The key well number
retains the locational aspect of a State well number—that is, wells sited in increasingly smaller
quadrangles.

Table 3. Description and definition of data compiled and entered into the geodatabase of geologic
and hydrogeologic information, Bosque County to Fort Bend County, Texas.

Feature class S
Dataset Data type or table name Definition

Geology Point feature class ~ GeoLocations Spatial locations of points with
elevations of the top and bottom of the
Brazos River alluvium.

Table GEOL_CrossSections Non-spatial lithologic information
collected from cross-sections used in
Cronin and Wilson (1967). Data
includes well ID, top and base
elevations of the alluvium.

Table GEOL_Data Non-spatial lithologic information
collected from drillers' logs. Data
includes well ID, top and base
elevation of the alluvium.

Geophysics Point feature class ~ WellLogs Spatial locations of wells with borehole
geophysical logs in which the base of
the Brazos River alluvium can be
determined.

Table GEOL_WellLogData Non-spatial location information from
the geophysical logs used to obtain the
base of the Brazos River alluvium. The
types of geophysical logs collected are
included for each well.

SubSurfaceHydro Point feature class ~ Wells Spatial locations of wells with
hydrologic property information in the
Brazos River alluvium such as
hydraulic conductivity, specific
capacity, and transmissivity

Table SUBHYD_Conductivity Non-spatial data that have hydraulic
conductivity information.

Table SUBHYD_SpecificCapacity Non-spatial data that have specific
capacity information.

Table SUBHYD_Transmissivity Non-spatial data that have

transmissivity information.
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Figure 2. Well-numbering system for the Texas Water Development Board Ground Water Data
System (Nordstrom and Quincy, 1999).



Data Quality

Quality-assurance techniques were applied to ensure the quality of the data entered into the
geodatabase. Digital elevation models (DEM) were used to improve the accuracy of land-surface
altitudes. To remove duplicate data sites, database queries and GIS proximity analyses were used to
match duplicate records. After removal of duplicate sites, 525 points with geologic data and 280
points with hydrogeologic data populated the final geodatabase.

Metadata

Metadata that comply with Federal Geographic Data Committee standards were created for
each spatial component. The metadata record documents the basic characteristics of the data or
information resource in the study area. Metadata components include information such as the title,
abstract, and publication date of source documents; geographic elements such as geographic extent
and projection information; and database elements such as attribute label definitions and attribute
domain values.

References

Ashworth, J.B., and Hopkins, Jamie, 1995, Aquifers of Texas: Texas Water Development Board
Report 345, 69 p.

Baker, E.T., Jr., Follet, C.R., McAdoo, G.D., and Bonnet, C.W., 1974, Ground-water resources of
Grimes County, Texas: Texas Water Development Board Report 186, 109 p.

Cronin, J.G., and Follett, C.R., 1963, Reconnaissance investigation of the ground-water resources
of the Brazos River Basin, Texas: Texas Water Commission Bulletin 6310, 152 p.

Cronin J.G., and Wilson, C.A., 1967, Ground water in the floodplain alluvium of the Brazos River,
Whitney Dam to vicinity of Richmond, Texas: Texas Water Development Board Report 41,
206 p.

Follett, C.R., 1974, Ground-water resources of Brazos and Burleson Counties, Texas: Texas Water
Development Board Report 185, 194 p.

HDR Engineering, Inc., 2001, Brazos River alluvium groundwater model and conjunctive use
analysis: HDR Engineering, Inc., File Copy 2002-0152, 27 p.

Naftel, W.L., Vaught, Kenneth, and Flemming Bobbie, 1976, Records of wells, drillers’ logs,
water-level measurements, and chemical analyses of ground water in Brazoria, Fort Bend, and
Waller Counties, Texas, 1966-74: Texas Water Development Board Report 201, 90 p.

Nordstrom, P.L., and Quincy, Roger, 1999, UM-50 ground-water data system data dictionary:
Texas Water Development Board, 99 p.

Sandeen, W.L., 1972, Ground-water resources of Washington County, Texas: Texas Water
Development Board Report 162, 103 p.

Texas Water Development Board, 2006a, Groundwater availability modeling (GAM): Accessed
November 1, 2006, at http://www.twdb.state.tx.us/gam/

Texas Water Development Board, 2006b, Groundwater availability modeling (GAM), GAM
documents, technical memos, GAM technical memo 06-01: Accessed November 1, 2006, at
http://www.twdb.state.tx.us/gam/GAM_documents/GAM_Memo_06-01.pdf

Turner, S.F., 1950, Milam County, Texas: Texas Board of Water Engineers Report, 50 p.

Wesselman, J.B., 1972, Ground-water resources of Fort Bend County, Texas: Texas Water
Development Board Report 155, 179 p.

Wilson, C.A., 1967, Ground-water resources of Austin and Waller Counties, Texas: Texas Water
Development Board Report 68, 201 p.


http://www.twdb.state.tx.us/gam/
http://www.twdb.state.tx.us/gam/GAM_documents/GAM_Memo_06-01.pdf

Zeiler, Michael, 1999, Modeling our world—The ESRI guide to geodatabase design: Redlands,
Calif., Environmental Systems Research Institute Press, 10 p.



	Contents
	Abstract
	Introduction
	Figure 1
	Purpose and Scope
	Acknowledgments

	Geologic and Hydrogeologic Setting
	Geodatabase
	Table 1
	Methodology
	Data Compilation
	Table 2
	Data Input
	Table 3
	Figure 2
	Data Quality
	Metadata


	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candid
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Chicago
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /Ddvtx01a
    /Ddvtx02a
    /Ddvtx03a
    /Ddvtx04a
    /Ddvtx05a
    /Ddvtx06a
    /Ddvtx07a
    /Ddvtx08a
    /Ddvtx09a
    /Ddvtx10a
    /Ddvtx11a
    /Ddvtx12a
    /Ddvtx13a
    /Ddvtx14a
    /Ddvtx15a
    /Ddvtx16a
    /Ddvtx17a
    /Ddvtx18a
    /Ddvtx19a
    /Ddvtx20a
    /Ddvtx21a
    /Ddvtx22a
    /Ddvtx23a
    /Ddvtx24a
    /Ddvtx25a
    /Ddvtx26a
    /Ddvtx27a
    /Ddvtx28a
    /Ddvtx29a
    /Ddvtx30a
    /Ddvtx31a
    /Ddvtx32a
    /Ddvtx33a
    /Ddvtx34a
    /Ddvtx35a
    /Ddvtx36a
    /Ddvtx37a
    /Ddvtx38a
    /Ddvtx39a
    /Ddvtx40a
    /Ddvtx41a
    /Ddvtx42a
    /Ddvtx43a
    /Ddvtx44a
    /Ddvtx45a
    /Ddvtx46a
    /Ddvtx47a
    /Ddvtx48a
    /Ddvtx49a
    /Ddvtx50a
    /Ddvtx51a
    /Ddvtx52a
    /Ddvtx53a
    /Ddvtx54a
    /Ddvtx55a
    /Ddvtx56a
    /Ddvtx57a
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ESRIAMFMElectric
    /ESRIAMFMGas
    /ESRIAMFMSewer
    /ESRIAMFMWater
    /ESRIArcPad
    /ESRIArrowhead
    /ESRIBusiness
    /ESRICartography
    /ESRICaves1
    /ESRICaves2
    /ESRICaves3
    /ESRIClimate&Precipitation
    /ESRICommodities
    /ESRIConservation
    /ESRICrimeAnalysis
    /ESRIDefaultMarker
    /ESRIDimensioning
    /ESRIElements
    /ESRIEnviroHazardAnalysis
    /ESRIEnviroHazardIncident
    /ESRIEnviroHazardSites
    /ESRIEnvironmental&Icons
    /ESRIEnvironmentalIcons
    /ESRIFireIncidentNFPA
    /ESRIGeology
    /ESRIGeologyAGSO1
    /ESRIGeologyUSGS95-525
    /ESRIGeometricSymbols
    /ESRIHazardousMaterials
    /ESRIHydrants
    /ESRIIGLFont16
    /ESRIIGLFont20
    /ESRIIGLFont21
    /ESRIIGLFont22
    /ESRIIGLFont23
    /ESRIIGLFont24
    /ESRIIGLFont25
    /ESRIMilMod01
    /ESRIMilMod02
    /ESRIMilRed01
    /ESRIMilSym01
    /ESRIMilSym02
    /ESRIMilSym03
    /ESRIMilSym04
    /ESRIMilSym05
    /ESRINIMACityGraphicLN
    /ESRINIMACityGraphicPT
    /ESRINIMADNCLN
    /ESRINIMADNCPT
    /ESRINIMAVMAP1&2LN
    /ESRINIMAVMAP1&2PT
    /ESRINorth
    /ESRIOilGasWater
    /ESRIOrdnanceSurvey
    /ESRIPipelineUS1
    /ESRIPublic1
    /ESRISDS1.951
    /ESRISDS1.952
    /ESRISDS2.001
    /ESRISDS2.002
    /ESRIShields
    /ESRISurveyor
    /ESRITelecom
    /ESRITransportationCivic
    /ESRIUSForestry1
    /ESRIUSForestry2
    /ESRIUSMUTCD1
    /ESRIUSMUTCD2
    /ESRIUSMUTCD3
    /ESRIWeather
    /EstrangeloEdessa
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Geneva
    /Geoage
    /GeoageFullAlpha
    /GeoAgeS
    /GeoageSubNum
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /ImprintMT-Shadow
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Kartika
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MicrosoftSansSerif
    /Monaco
    /MonaLisa-Recut
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MS-Mincho
    /MSOutlook
    /MVBoli
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewYork
    /OCRAExtended
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimSun
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /Univers
    /Univers-Black
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


