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DecemBER 19, 2008
HEADWATERS GCD

125 LEHMAN ST.
KERRVILLE, TEXAS 78028

RE: HYDROGEOLOGICAL SUMMARY REPORT — 2008

DeAR HGCD AND READERS;

STRATA GEOLOGICAL SERVICES IS PLEASED TO SUBMIT THIS HYDROGEOLOGICAL REPORT SUMMARIZING A
FOUR YEAR PROJECT DESIGNED TO ACCOMPLISH A STRATIGRAPHIC, FLOW REGIME AND AQUIFER
FRAMEWORK FOR KERR COUNTY, TEXAS THROUGH DRILLING, LOGGING MAPPING, MONITORING AND

CONSULTING FOR HGCD.

THIS REPORT IS TO BE VIEWED AS A WORK IN PROGRESS. HYDROGEOLOGICAL ANALYSIS IS A VERY
COMPLEX AND LONG TERM PROCESS REQUIRING VOLUMINOUS AMOUNTS OF DATA AND INTERPRETATION.
NEW DATA REQUIRES MODIFIED INTERPRETATION. IT IS ON AN GOING PROCESS AND WILL REMAIN SO FOR

DECADES TO FOLLOW.

THE DRILLING THAT HGCD HAS INITIATED ADDED IMMEASURABLY TO THE UNDERSTANDING OF THE
COMPLEX STRATIGRAPHY EXISTING IN KERR COUNTY. IT DRASTICALLY ALTERED THE LITERATURE AND
FORMER INTERPRETATIONS THAT HAVE PUT FORTH FOR THE PAST FIFTY YEARS. THE MONITOR WELL AND
RESEARCH DRILLING WAS THE SINGLE MOST IMPORTANT STEP. INTERPRETATION OF THE
HYDROGEOLOGICAL FRAMEWORK COULD NOT HAVE BEEN ACCOMPLISHED TO THE DEGREE THAT IT NOW
REPRESENTS WITHOUT THE NEW WELL INDEX.

STRATA GEOLOGICAL SERVICES STANDS READY TO ANSWER ANY FURTHER QUESTIONS AND LOOKS
FORWARD TO YOUR COMMENTS AND THE COMMENTS OF OTHER GEOLOGISTS AS WELL AS THE GENERAL
PUBLIC AS TO THE INTERPRETATIONS, DATA AND CONCLUSIONS REACHED HEREIN.

WILLIAM FEATHERGAIL WILSON, PG # 21
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I INTRODUCTION

HEADWATERS GCD LAUNCHED AN AMBITIOUS PROGRAM IN 2004 TO ENHANCE GROUNDWATER
CONSERVATION AND THE DECISION PROCESS ASSOCIATED WITH THE MANDATED GOALS OF A
GROUNDWATER CONSERVATION POLITICAL ENTITY. THE BOARD DECIDED TO SET A NEW MANAGEMENT
POLICY BY PROMOTING AN INTERNAL EMPLOYEE, GENE WILLIAMS, AS THE GENERAL MANAGER. THE
BOARD REALIZED, BASED UPON EXPERIENCE AND CONSULTATION WITH OTHER CONSERVATION DISTRICTS,
THAT A GENERAL MANAGER’S TIME WAS LARGELY USURPED BY ADMINISTRATION AND OTHER DETAILS.
AS A CONSEQUENCE THE BOARD DECIDED TO CONTRACT THE GEOLOGICAL REQUIREMENTS AND SCIENTIFIC

DUTIES TO STRATA GEOLOGICAL SERVICES.

STRATA’S DIRECTION EVOLVED THROUGH TIME TO INCLUDE LOCAL CONSULTING WITH DRILLERS, HOME
OWNERS, CITY AND COUNTY POLITICAL ENTITIES. STRATA SUPERVISED A VERY COMPLEX DRILLING
PROGRAM IN ADDITION TO MODELING, MAPPING, DATABASE BUILDING AND ADVISING THE BOARD ON
NUMEROUS TECHNICAL ISSUES THAT AROSE DURING THE COURSE OF THE CONTRACT TERM.

STRATA CONTINUES TO EDUCATE AND INFORM THE GENERAL PUBLIC ON THE PROGRESS OF THE
GEOLOGICAL RESEARCH IN KERR COUNTY AS WELL AS COOPERATING AND SHARING INTERPRETATIONS
WITH OTHER TEXAS HILL COUNTRY GROUNDWATER CONSERVATION DISTRICTS. SCIENTIFIC
PRESENTATIONS HAVE BEEN MADE AT THE LOCAL, REGIONAL AND NATIONAL LEVEL CONCERNING THE
RESEARCH PERFORMED ACROSS THE 1,100 SQUARE MILE AREA OF KERR COUNTY.

THE EFFORT HAS FOCUSED UPON DATA GATHERING THROUGH HGCD DRILLING, AS WELL AS OTHER TYPES
OF DATA, ALONG WITH CONCOMITANT INTERPRETATION OF THAT DATA. THE INTERPRETATIONS HAVE
UPDATED THE PRE-EXISTING LITERATURE AND ASSUMPTIONS THAT WILL HAVE A LONG LASTING IMPACT ON
SURROUNDING HiLL COUNTRY GEOLOGY. THE HGCD DRILLING PROGRAM HAS CONTRIBUTED IMMENSELY
TO THE UNDERSTANDING OF THE COMPLEX STRATIGRAPHY THAT IS PRESENT BENEATH KERR COUNTY. THE
DRILLING PROGRAM HAS PROVED TO BE THE SINGLE MOST IMPORTANT ASPECT TO THE ENTIRE SCIENTIFIC
ENDEAVOR. IT HAS PAVED THE WAY FOR THE PRESENT AND FUTURE DATA DIRECTIONS THROUGH THE LONG

TERM MONITORING PROGRAM AND THE DISCOVERIES THAT CAME FORTH.

THE RESULTS OF THIS ENDEAVOR WILL HOPEFULLY SET THE STAGE FOR AN IMPROVED DECISION PROCESS
BASED UPON SCIENTIFIC INVESTIGATIONS AND NEW INTERPRETATIONS OF THE SUBSURFACE BOTH WITHIN

THE BOUNDARIES OF KERR COUNTY AND THE SURROUNDING AREAS



I KERRCOUNTY LOCATION, FACTS AND PROJECTIONS

KERR COUNTY IS UNIQUE IN THE FACT THAT IT IS THE LARGEST COUNTY IN THE TEXAS HILL COUNTRY
WITH THE LARGEST POPULATION. THE POPULATION RACE MAY SOON BE ECLIPSED BY KENDALL, COMAL
AND HAYS COUNTIES, WHICH ARE UNDERGOING ENORMOUS POPULATION INCREASES.

KERR COUNTY IS BLESSED WITH A PLETHORA OF SMALL AND LARGE SPRINGS THAT FEED INTO THE
GUADALUPE WATERSHED. THE GUADALUPE RIVER IS THE KEY ECONOMIC INGREDIENT THAT ATTRACTS
RETIREES AND PROFESSIONALS TO THE TEXAS HILL COUNTRY AND SPECIFICALLY KERR COUNTY. THE
HGCD BOARD IS FULLY AWARE OF THIS ECONOMIC ASSET AND THEY HAVE TAKEN STEPS TO RULE OUT
ANY THREAT TO THESE SPRINGS BY PLACING A MORATORIUM ON ALL PERMITTED WELLS TO BE DRILLED

INTO THE EDWARDS AQUIFER.

KERR COUNTY LIES ON THE SOUTHEASTERN EDGE OF THE 38,000 SQUARE MILE EDWARDS PLATEAU.
APPROXIMATELY TWO-THIRDS OF KERR COUNTY IS COVERED BY THE EDWARDS GROUP OF FORMATIONS.
THE REST OF THE COUNTY IS COVERED EITHER BY ALLUVIAL DEPOSITS ALONG THE GUADALUPE

WATERSHED OR THE UPPER GLEN ROSE MARLS AND THIN BEDDED LIMESTONES.

SOME KERR COUNTY GEOGRAPHIC AND DEMOGRAPHIC FACTS ARE OUTLINED BELOW.

CATEGORY NUMBERS
POPULATION (2008) ESTIMATE 49,000
SQUARE MILES 1,107.66
ACRES 708,902.4
ELEVATION RANGE 1,450 - 2,400’
AVERAGE RAINFALL 32.6”
AVERAGE EVAPOTRANSPIRATION 61"

SURFACE AND GROUNDWATER USE ESTIMATE
(2008) **

8,233 ACRE FEET

NOTE: APPROXIMATELY %2 OF THE ESTIMATED WATER USE IS DERIVED FROM THE CONJUNCTIVE USE OF THE

GUADALUPE RIVER AT THE CITY OF KERRVILLE.

TABLE 1: - DEPICTING KERR COUNTY FACTS AND DEMOGRAPHICS
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FIGURE 1: - KERR COUNTY ROADS, ELEVATION AND FEATURES.

KERR COUNTY IS A MIX OF LANDOWNERS AND INDUSTRIES, INCLUDING RETIREES, COMMERCIAL RANCHES,
RECREATIONAL RANCHES, SUMMER CAMPS, MEDICAL FACILITIES, SAND AND GRAVEL MINES AND
METROPLEX SUPPORT RETAIL BUSINESSES. ALMOST ONE-HALF OF THE POPULATION RESIDES WITHIN THE
CITIES OF KERRVILLE AND INGRAM AND SURROUNDING RURAL SUBDIVISIONS. POPULATION CENTERS ALSO
EXIST IN THE UNINCORPORATED AREAS OF CENTER POINT AND THE AREA NEAR HWY 27 IN THE SOUTHEAST
PORTION OF THE COUNTY. THE WESTERN PORTION OF THE COUNTY IS OCCUPIED BY LARGE PARCELS OF
RANCH LAND. RECENT POPULATION SHIFTS HAVE BEEN NOTED AROUND MOUNTAIN HOME AND THE YO
AND DOMINION RANCH AREAS IN THE NORTHWEST PORTION OF THE COUNTY. THESE AREAS AROUND
MOUNTAIN HOME AND THE NORTHWEST ARE BEING CUT UP INTO 25-100 ACRE PARCELS FOR RETIREES AND
HUNTING RANCHES. MOST OF THE POPULATION IS CONCENTRATED IN AND AROUND KERRVILLE AND

SOUTHEAST ALONG THE GUADALUPE WATERSHED.

POPULATION IS EXPECTED TO RISE TO ABOUT 100,000 PEOPLE OVER THE NEXT 40-YEARS PLACING A

LARGER BURDEN UPON THE SURFACE WATER AND GROUNDWATER RESOURCES.



THE CONJUNCTIVE USE OF SURFACE WATER IS NOT EXPECTED TO RISE PROPORTIONATELY WITH THE
DEMAND FOR WATER. GUADALUPE RIVER WATER RIGHTS ARE NOW OVER ALLOCATED AND IT IS DOUBTFUL
THE CITY OF KERRVILLE AND THE UPPER GUADALUPE RIVER AUTHORITY WILL BE ABLE TO INCREASE
THEIR WATER RIGHTS SUBSTANTIALLY. DURING DROUGHTS THE TEXAS COMMISSION OF
ENVIRONMENTALLY QUALITY (TCEQ) HAS cuT BACK THE CITY OF KERRVILLE IN 500,000 GALLONS PER
DAY INCREMENTS AS THE FLOW OF THE GUADALUPE DECREASES. THE WATER IS REPLACED BY INCREASED
WITHDRAWAL FROM ACTIVE CITY WELLS. THE ANNUAL WATER RIGHT LIMITS ARE NOW AT
APPROXIMATELY 6,000 ACRE FEET. THE CITY OF KERRVILLE HAS RECENTLY BEEN PUMPING WATER FROM

THE RIVER AT APPROXIMATELY 4,800 ACRE-FEET PER YEAR.

THE POPULATION OF 100,000 PEOPLE WILL EQUATE TO AN AVERAGE ANNUAL USAGE OF APPROXIMATELY
16,802 ACRE FEET. ABOUT 64% OF THAT AVERAGE ANNUAL USE WILL PROBABLY BE ALLOCATED TO

GROUNDWATER BY 2040.
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FIGURE 2: - ANNUAL AVERAGE TEXAS RAINFALL MAP
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FIGURE 3: - EVAPOTRANSPIRATION CONCEPT. KERR COUNTY HAS AN AVERAGE
EVAPOTRANSPIRATION OF APPROXIMATELY 61" PER YEAR AND AN AVERAGE RAINFALL OF 32.6”.
THIS REPRESENTS AN AVERAGE ANNUAL DEFICIT OF 29.4” OR 2.45 FEET PER YEAR. IF
GROUNDWATER IS STORED ON THE SURFACE IN LARGE QUANTITIES, THIS IS NOT A PRUDENT

CONSERVATION PRACTICE.



I KERR COUNTY GEOLOGY

THE GEOLOGY OF KERR COUNTY IS FAR MORE COMPLEX THAN DEPICTED IN PREVIOUSLY PUBLISHED
LITERATURE. THIS IS ESPECIALLY APPLICABLE TO THE LOWER CRETACEOUS GEOLOGY THAT CONTAINS THE
PRIMARY AQUIFERS IN THE COUNTY. THIS STUDY WILL ADD APPRECIABLY TO THE DISTRIBUTION AND

AQUIFER CHARACTERISTICS FOUND WITHIN THE COUNTY.

FOUR MAJOR GEOLOGICAL DIVISIONS ARE PRESENT ACROSS KERR COUNTY. ALL OF THESE MAJOR

DIVISIONS HAVE BEEN PENETRATED ACROSS THE COUNTY. THEY ARE TABULATED BELOW.

1.8-PRESENT MILLION YEARS ALLUVIAL SANDS, GRAVELS, SILTS
AND CLAYS ALONG THE STREAMS
AND RIVERS

93-144 MILLION YEARS AGO SURFACE AND SUBSURFACE
GEOLOGY: NOTE THE MISSING TIME

290-543 MILLION YEARS AGO PENNSYLVANIAN BLACK SHALES
AND ORDOVICIAN DOLOMITES

HAVE BEEN DRILLED

543-1,600 MILLION YEARS AGO METAMORPHIC AND IGNEOUS
CRUSTAL COMPLEX, UNDRILLED

TABLE 2: - DEPICTING KERR COUNTY CRUSTAL LAYERS OR GROSS STRATIGRAPHY.

FRESH GROUNDWATER (400-1,000 PPM) IS THUS FAR CONFINED TO THE CRETACEOUS PERIOD AQUIFERS.
HOWEVER, FRESH GROUNDWATER MAY ALSO EXIST IN A PORTION OF THE UNEXPLORED AND UNDEVELOPED
PALEOZOIC AQUIFERS. BRACKISH AND SALINE GROUNDWATER CERTAINLY EXISTS WITHIN PALEOZOIC

AQUIFERS. A WATER CLASSIFICATION IS PRESENTED BELOW IN PARTS PER MILLION (PPM) IN TOTAL

DISSOLVED SOLIDS (TDS).

0-1,000 PPM

1,000- 36,000 PPM

36,000-400,000 PPm




TABLE 3: - GROUNDWATER TDS CLASSIFICATION

ALL OF THE SURFACE OUTCROPS WITHIN THE COUNTY ARE ATTRIBUTED TO THE CRETACEOUS PERIOD. THE

SURFACE AND SUBSURFACE CRETACEOUS PERIOD IN THE KERR COUNTY STRATIGRAPHIC SECTION IS

PRESENTED BELOW.

PERIOD EPOCH -AGE GROUP-FORMATION MEMBERS DESCRIPTION
CENOMANIAN BubA LIMESTONE
UPPER | 93.5 — 99 MILLION CLAY
YEARS AGO DEL RIO
ALBIAN SALMON LIMESTONE AND
99 —-112 MILLION PEAK DOLOMITE, AQUIFER
YEARS AGO EDWARDS FORT
TERRETT
LOWER UPPER MARL AND THIN
BEDDED LIMESTONE
CRETACEOUS GLEN ROSE LOWER LIMESTONE AND
DOLOMITE, AQUIFER
SAND, SANDSTONE,
HENSEL MICRODOLOMITE,
MARL AQUIFER
APTIAN BEXAR MARL, CLAY, SAND
112-121  MILLION PEARSALL AND PALEOSOL
YEARS AGO Cow LIMESTONE AND
CREEK SANDSTONE,
AQUIFER
HAMMETT | CLAY
NEOCOMIAN SLIGO LIMESTONE,
121-144  MILLION AQUIFER
YEARS AGO HOSSTON SAND AND GRAVEL,

AQUIFER

BLUE COLOR INDICATES AN AQUIFER.




FIGURE 4: - AQUIFER AND AQUITARD COLUMNAR SECTION FOR KERR COUNTY.

THE DETAILS OF THE ABOVE STRATIGRAPHIC COLUMN ARE FAR MORE COMPLEX THAN SHOWN ABOVE.
DISTRIBUTION OF SOME OF THESE UNITS MERGES INTO OTHERS FROM SOUTH TO NORTH AS WELL AS EAST
TO WEST. THE PRESENCE OF THE LLANO UPLIFT ISLAND COMPLEX DISGORGED HUGE AMOUNTS OF SAND
AND GRAVEL INTO THE ADVANCING SHALLOW WATER LAGOONAL CRETACEOUS SEAS THROUGH A SERIES
OF BRAIDED STREAMS. THIS GREAT CLASTIC DEPOSITIONAL SEQUENCE PUSHED THE LAGOONAL

CARBONATES TO THE SOUTH ACROSS THE COUNTY INTO BROAD DISTRIBUTARY LOBES.

BUDA LIMESTONE

THE BUDA LIMESTONE OUTCROPS ACROSS A NARROW AREA IN WEST-CENTRAL KERR COUNTY AS AN
UPPER CRETACEOUS REMNANT. THE BUDA IS DESCRIBED AS A CREAM COLORED TINTINID BARING
BIOMICRITE. THE TINITINDS ARE THE REMAINS OF FOSSIL GLOBULAR SHAPED PHYTO-PLANKTON. A
BIOMICRITE IS A FINE GRAINED APHANITIC LITHIFIED LIME MUD. NO AQUIFERS ARE PRESENT WITHIN THE
LIMITED DISTRIBUTION OF THE BUDA LIMESTONE. IT IS INTERESTING TO NOTE THAT SUB-BITUMINOUS AND
BITUMINOUS COAL FOUND WITHIN THE SUBSURFACE IN THE CRETACEOUS SYSTEM INDICATES THE PRESENT
SURFACE OF KERR COUNTY WAS ONCE BURIED BELOW 3,000-5,000 FEET OF UPPER CRETACEOUS AND
TERTIARY SEDIMENTS. THE AREA WAS UPLIFTED APPROXIMATELY 6.5-10.0 MILLION YEARS AGO STRIPPING
THE 3,000-5,000 FEET OF OVERBURDEN OFF THE PRESENT SURFACE. THE BUDA IS THE LAST REMNANT OF
THIS PERIOD. THE BUDA 1S ABOUT 20-40 FEET THICK.

DeL Rio CLAY

THE DEL R10 CLAY IS A THIN UNIT (15-30 FEET) THAT UNDERLIES THE BUDA LIMESTONE AND NOTABLY
OUTCROPS IN THE VICINITY OF GARVEN’S STORE IN THE WEST CENTRAL PORTION OF THE COUNTY. A FEW
VERY SMALL ISOLATED AND ABANDONED HAY FIELDS REVEAL THE PRESENCE OF THE DEL R10 CLAY. THE
LITHOLOGY OF THE CLAY IS DESCRIBED AS FOSSILIFEROUS, TAN, EXPANDABLE CLAY, CONTAINING THE
PELECYPOD EXOGYRA ARIENTINA. IT IS A WEATHERING PRODUCT OF THE DEPOSITION OF LARGE AMOUNTS

OF VOLCANIC GLASS.



FIGURE 5: — EXOGYRA ARIENTINA

EDWARDS GROUP

THE EDWARDS GROUP WITHIN KERR COUNTY IS COMPOSED OF TWO FORMATIONS. THE LOWER MOST
FORMATION IS DESIGNATED AS THE FORT TERRETT, WHILE THE UPPER UNIT IS KNOWN AS THE SALMON
PEAK FORMATION. THE DIVISION IS NOT READILY RECOGNIZABLE OVER THE ENTIRE EXPANSE OF THE
COUNTY, EVEN THOUGH THEY HAVE BEEN MAPPED BASED UPON ELEVATIONS RATHER THAN LITHOLOGY.
THE EDWARDS GROUP CANNOT BE DIVIDED WITH ANY ACCURACY IN THE SUBSURFACE. THE DIVISION MAY
NOT BE APPLICABLE TO KERR COUNTY OUTCROPS OR SUBSURFACE DESCRIPTIONS AND THIS MAY BE ONE
OF THE NEW REVELATIONS AND REVISIONS TO THE LITERATURE. THE EDWARDS IS KNOWN TO BE AS THICK
AS 645 FEET, THINNING TO O FEET OVER THE SOUTHEASTERN PORTION OF THE COUNTY. THE EDWARDS IS
MAJOR LOW YIELD AQUIFER THAT COVERS ABOUT 2/3 THIRDS OF THE COUNTY. IT IS A KARSTED AQUIFER,
WHICH CREATES SOME UNIQUE HYDROGEOLOGICAL PROPERTIES. KARST IS A GERMAN TERM ORIGINALLY
ASSIGNED TO GEOMORPHIC FEATURES FOUND ON THE LANDS THAT BORDER THE EASTERN ADRIATIC SEA.
THE TERM HAS EVOLVED TO DESCRIBE NOT ONLY THE SURFACE, BUT THE CAVERNOUS NATURE OF THE

POROSITY AND PERMEABILITY OF THE SUBSURFACE.



GROUNDWATER WITHIN THE EDWARDS GROUP EMANATES AS SEEPS AND SPRINGS FILLING AND SOURCING
THE GUADALUPE RIVER WATERSHED. THE AVERAGE ANNUAL FLOW OF THE GUADALUPE RIVER IS
APPROXIMATELY 78,921 ACRE FEET OR ABOUT 7-MILLION GALLONS PER DAY OR 2.57 E+10 MILLION

GALLONS PER YEAR IN KERR COUNTY. VIRTUALLY ALL OF THE WATER THAT FLOWS DOWN THE
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FIGURE 6: — KARSTED TERRAIN AND SUBSURFACE AQUIFER CHARACTERISTICS.

GUADALUPE IN KERR COUNTY IS GROUNDWATER THAT IS DERIVED FROM THE EDWARDS AQUIFER.

THE GUADALUPE WATERSHED WEST OF THE CITY OF KERRVILLE DRAINS A VERY LARGE AREA OF

GROUNDWATER BY SPRING FLOW. RUNOFF ONLY OCCURS DURING HEAVY RAINFALL EVENTS. ESSENTIALLY

THE BASE FLOW OF THE GUADALUPE RIVER WEST OF KERRVILLE CAN BE TOTALLY ATTRIBUTED TO

SPRINGS EMANATING FROM THE BASAL 100 FEET OF THE EDWARDS GROUP OF FORMATIONS. THE

EDWARDS’S KARST LIMESTONES AND DOLOMITES RELEASE COPIOUS AMOUNTS OF PRISTINE SPRING WATER

ONTO THE UPPER GLEN ROSE MARLS AND THIN BEDDED LIMESTONES ACROSS TWO-THIRDS OF KERR

COUNTY.



FLOW METERS HAVE BEEN SET UP AT KEY INTERSECTIONS OF THE GUADALUPE WATERSHED BY THE USGS
OVER THE PAST CENTURY THAT PROVIDE YEARLY, MONTHLY AND DAILY AVERAGES. THE FOLLOWING

TABLE DEPICTS THE YEAR OF DEPLOYMENT OF EACH USGS FLOW STATION.

STATION DEPLOYMENT YEAR DRAINAGE AREA MEAN AVERAGE FLOW
SQUARE MILES CFS
JOHNSON CREEK 1941 114 215
HUNT 1966 288 67.6
NORTH FORK 1968 169 33.6
BEAR CREEK**** 1978 494 131
KERRVILLE 1987 510 109

*%*%% INTERMITTENT GAUGING. CFS=CUBIC FEET PER SECOND.

TABLE 4: - DEPICTING USGS GAUGING STATION DATA.

IT IS OBVIOUS FROM THE ABOVE TABLE THAT RECORDS FROM THE JOHNSON CREEK STATION ARE THE
OLDEST AND THE ONLY STATION THAT CROSSES THE 50’S DROUGHT OF RECORD. IF YOU EXAMINE THE
JOHNSON CREEK RECORDS ACROSS THE 50°S DROUGHT, IT IS NOTED THAT FLOW NEVER CEASED DESPITE
THE COMMON BELIEF THAT THE GUADALUPE WENT COMPLETELY DRY DURING THAT DEVASTATING
DROUGHT. SOME PORTION OF THE GUADALUPE MAY HAVE APPEARED TO BE DRY, BUT GRAVEL

UNDERFLOW MUST HAVE BEEN PRESENT.

THE AUTHOR HAS CHOSEN THE KERRVILLE STATION AS THE BENCHMARK FOR THIS STUDY DUE TO ITS DATA
CONSISTENCY AND DRAINAGE AREA. ADDITIONAL SPRING FLOW IS PRESENT EAST OF THIS STATION, BUT IT
REPRESENTS THE FLOW FROM THE MAJOR SPRINGS AND IT IS THE MOST DOWNGRADIENT STATION IN THE

COUNTY.

ASSUMPTIONS & FACTS

SIMPLIFICATION AND AVERAGES CREATE A NECESSITY FOR CERTAIN ASSUMPTIONS. THEY ARE LISTED

BELOW.



1 AVERAGE ANNUAL RAINFALL: 32.67 (2.5%)

2 AVERAGE ANNUAL EVAPOTRANSPIRATION: 61" (5.0%)

3 RECHARGE AREA CONFINED TO ABOVE THE KERRVILLE STATION: 510 SQUARE MILES
*k*k

4 TRIPLE THE NUMBER OF EDWARDS WELLS IN DATABASE TO: 483 WELLS

5 AN AVERAGE EDWARDS YIELD; 6.2 GPM

*** SOME RECHARGE IS REGIONAL OUTSIDE THE 510 SQUARE MILE AREA THROUGH THE EDWARDS

AQUIFER

THE FOLLOWING FACTS AND CONVERSION FACTORS HAVE BEEN UTILIZED.

1 ACRE FOOT = 325,851 GALLONS
2 CuBIC FEET PER SECOND = 646,317 GALLONS PER DAY
3 510 SQUARE MILES OF WATERSHED = 326,400 ACRES

CALCULATIONS

THE FOLLOWING TABLE DEPICTS THE MEAN ANNUAL RECHARGE-DISCHARGE FOR THE EDWARDS GROUP

WITHIN THE 510 SQUARE MILE AREA EAST OF THE KERRVILLE GAUGING STATION.

ANNUAL RECHARGE ANNUAL EDWARDS ANNUAL EDWARDS TOTAL ANNUAL
(ACRE FEET) PUMPING DISCHARGE SPRING FLOW MEAN DISCHARGE
(ACRE FEET) DISCHARGE (ACRE (ACRE FEET)
FEET)
530,000 4,816 78,914 83,700

TABLE 5: - EDWARDS RECHARGE AND DISCHARGE STATISTICS.



THE RATIO OF TOTAL ANNUAL MEAN DISCHARGE TO ANNUAL RECHARGE OF 83,799/816,000 IS EQUAL TO
APPROXIMATELY 10%. ANOTHER WAY OF EXPRESSING THIS RATIO IS THAT 10% OF THE MEAN ANNUAL
RAINFALL MAKES ITS WAY INTO THE EDWARDS AQUIFER OVER THE 510 SQUARE MILE WATERSHED AREA.
THE REMAINING 90% OF THE AVERAGE ANNUAL RAINFALL IS USURPED BY EVAPOTRANSPIRATION AND

RUNOFF BASED UPON THE ABOVE REFERENCED ASSUMPTIONS AND CONVERSION FACTORS.

IT HAS BEEN CALCULATED THAT 6% OF THE EDWARDS DISCHARGE IS PUMPED FROM THE AQUIFER AND
THEREFORE, 94% OF THE EDWARDS GROUND WATER DRAINS FROM THE SPRINGS ON A MEAN ANNUAL

BASIS.

IMPLICATIONS

1 THE KERRVILLE GAUGING STATION IS DOWN GRADIENT FROM THE CITY OF KERRVILLE WATER
TREATMENT PLANT. THE ANNUAL MEAN WITHDRAWAL FROM THE WATER PLANT IS 3,921 ACRE
FEET PER YEAR (3.5 MG/D) FOR THE CITY. A MINOR PORTION OF THE WATER IS INJECTED INTO AND
RECOVERED FROMN THE TWO ASR WELLS, WHICH ARE COMPLETED IN THE HOSSTON SANDS AND
GRAVELS. THE BEAR CREEK STATION IS UP GRADIENT FROM THE WATER PLANT AND ITS MEAN
ANNUAL FLOW RATE IS 131 CFS, WHICH IMPLIES THAT THE CITY IS TAKING APPROXIMATELY 22 CFS
FROM THE RIVER ON AVERAGE. THIS MAY BE DECEIVING DUE TO THE FACT THAT THE TIME SPAN
FOR THE ASR WELLS IS CONSIDERABLE LESS THAN THE MEAN ANNUAL FLOW RATES. THIS STUDY

UTILIZES THE LONG RANGE STREAM FLOW FROM THE KERRVILLE STATION AT 109 CFs.

2 |ITWOULD BE PRUDENT TO ENCOURAGE THE UGRA, CITY OF KERRVILLE AND THE USGS TO
INSTALL TWO ADDITIONAL GAUGING STATIONS PLACING ONE IMMEDIATELY WEST OF THE CITY AND
ONE NEAR THE UNINCORPORATED CITY OF COMFORT. THIS WOULD ALLOW MORE SPRING FLOW TO

BE MEASURED AND ANY IRRIGATION WITHDRAWAL BETWEEN CENTER POINT AND COMFORT.



3 THEPROTECTION OF THE AQUIFER AND ALL OF THE EDWARDS SPRINGS SHOULD BE THE PRIMARY
LONG TERM GOAL OF THE HEADWATERS GCD AND THE UGRA ALONG WITH THE CITY OF

KERRVILLE.

4 THE QUESTION THAT NEEDS TO BE ANSWERED CONCERNING THE EDWARDS AQUIFER IS WHAT IS
THE SAFE PUMPING YIELD TO SUSTAIN SPRING FLOW? |F WE HAD ANOTHER DROUGHT OF RECORD
AND THE SPRING FLOW DECLINED BY 68%), THE PUMP-SPRING FLOW RATIO WOULD EQUATE TO
4816/53661 = 9% AS COMPARED TO THE 6% FOR MEAN ANNUAL PUMPAGE. THIS IS ASSUMING
THAT NO ADDITIONAL PUMPING WILL OCCUR FROM THIS POINT FORWARD. IF PUMPING WERE
ALLOWED TO DOUBLE, THE RATIO WOULD EQUATE TO 18% OF SPRING FLOW DURING A DROUGHT OF

RECORD.

5 VIEWING THE 1952-1956 DATA FOR JOHNSON CREEK, IT WAS CONCLUDED THAT SPRING FLOW
DURING THIS PERIOD DECLINED BY APPROXIMATELY 6.9 CFS FROM THE MEAN ANNUAL FLOW OF

21.5 CFS OR 32% OF THE MEAN ANNUAL AVERAGE.
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FIGURE 7: - NOTE THE INCREASE IN STREAM FLOW SINCE 1940°s, 1950°s AND 1960°s. Is
THIS AN INDICATION OF CLIMATE CHANGE? TEXAS A & M PERFORMED A STUDY FOR THE
EDWARDS AQUIFER AUTHORITY IN LATE 2007 AND CONCLUDED THAT THE TEXAS HILL
COUNTRY COULD EXPERIENCE A 20-40% DECREASE IN AVERAGE ANNUAL RAINFALL OVER
THE NEXT CENTURY. SOME SCIENTISTS BELIEVE THAT GLOBAL WARMING WILL INCREASE
THE TEMPERATURE OF THE GULF OF MEXICO AND THE CENTRAL PACIFIC THAT WILL
INCREASE RAINFALL ACROSS THE TEXAS HILL COUNTRY OVER THE NEXT CENTURY. THE
TWDB IS NOw CONSIDERING A 30% DECREASE IN AVERAGE ANNUAL RAINFALL OVER THE

NEXT CENTURY AND POTENTIAL IMPACTS ON GROUNDWATER RECHARGE.



< USGS

USGS 08167000 Guadalupe Rv at Comfort, TX

280088

188848

DATLY Discharge, cubic feet per szecond

18808
188
20
Jul a1 Sep A1 How 81 Jan 81 Har 81 Hay A1
2087 2087 2087 2083 20083 20083

— Daily nean discharge === Period of provisional data
=== Period of approved data

FIGURE 8: - GUADALUPE FLOW RATE 2007-2008 TRENDING INTO DROUGHT.
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FIGURE 9: - AVERAGE ANNUAL FLOW RATE AT COMFORT 1939-2007, CFs.
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FIGURE 10: - DAILY FLOW RATE OF THE GUADALUPE 1938-2007. NOTE THE INCREASE IN AVERAGE FLOW

FROM THE 1950’S THROUGH THE PRESENT.

A COMPARISON WAS MADE DURING THE MIDDLE OF THE 2007-2008 DROUGHT AT THREE USGS STREAM
GAUGES ALONG THE GUADALUPE AT 7:45 AM ON JULY 1, 2008. THE FOLLOWING HISTOGRAM DISPLAYS
THE DIFFERENCES IN FLOW RATES IN CUBIC FEET PER SECOND. THIS IMPLIES THE GUADALUPE IS LOSING
WATER AS IT FLOWS FROM KERRVILLE TO CENTER POINT AND COMFORT. THE PERCENTAGE LOSS IS

APPROXIMATELY 27% BETWEEN KERRVILLE AND COMFORT.



POINT CFS FLow COMMENTS
7:45AM JULY 1,
2008

KERRVILLE 37 NONE

CENTER POINT 30 DECREASE MAY DUE TO WITHDRAWAL BY SAND
AND GRAVEL INDUSTRY, IRRIGATION AND
EVAPOTRANSPIRATION

COMFORT 27 DECREASE MAY BE DUE TO IRRIGATION AND
EVAPOTRANSPIRATION

TABLE 6: - FLOW RATES UNDER DROUGHT CONDITIONS, 2008.
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FIGURE 11: - FLOW RATES IN CFS ALONG THE COURSE OF THE GUADALUPE DURING DROUGHT CONDITIONS
AT 7:45 Am, JuLy 1, 2008.

THIS PRELIMINARY STUDY IS A BROAD BRUSH OVERVIEW OF RECHARGE VERSUS DISCHARGE FOR THE
EDWARDS AQUIFER AND IS SUBJECT TO REVISION AS NEW INSIGHTS EMERGE FROM THE HYDROGEOLOGICAL
MAPS AND GAM THAT ARE NOW BEING CONSTRUCTED. THE LIMITATIONS CENTER ON SEVERAL

UNANSWERED QUESTIONS INCLUDING;



1 HOw MUCH WATER COMES INTO THE AQUIFER BEYOND THE COUNTY BOUNDARIES?
2 HOwW MUCH WATER SPRINGS FORTH FROM POINTS DOWNSTREAM FROM THE KERRVILLE

GAUGING STATION?
3 HOW MUCH OF A FACTOR IS IRRIGATION AND EXERCISED WATER RIGHTS IN THE ALLUVIAL

SYSTEM BETWEEN CENTER POINT AND COMFORT?

MOoST OF THE EDWARDS SPRINGS OCCUR ABOUT 60 FEET FROM THE BASE OF THE UNIT. HOWEVER, MANY
EXCEPTIONS TO THAT RULE OF THUMB ARE ALSO FOUND. YIELDS OF WATER WELLS DRILLED INTO THE

EDWARDS TYPICALLY FALL INTO THE 2-10 GALLON PER MINUTE RANGE AND DRY HOLES CAN BE DRILLED

INTO THIS KARST AQUIFER.

PLaTE 14

FIGURE 12: - EDWARDS GROUP FORAMINIFERA AS SEEN WITH A HAND LENS OR

MICROSCOPE.
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FIGURE 13: - EDWARDS PATCH REEF FOSSILS FOUND THE SW PORTION OF KERR COUNTY
PRESERVED IN SILICA.



GLEN ROSE FORMATION

THE GLEN ROSE CAN BE EASILY DIVIDED INTO TWO MEMBERS. THE UPPER GLEN ROSE MEMBER IS A
THICK SEQUENCE OF MARL AND THIN DISCONTINUOUS BIOMICRITE BEDS. IT FORMS AN EFFECTIVE BARRIER
OR AQUITARD TO GROUNDWATER AND SURFACE WATER FROM PENETRATING VERTICALLY INTO THE
UNDERLYING UNITS AND AQUIFERS. THE UPPER GLEN ROSE IS GENERALLY FOUND IN SHARP CONTACT
WITH THE OVERLYING EDWARDS GROUP. IT IS KNOWN AS THE”BLUE CLAY” BY DRILLERS. ON THE
OUTCROP THE UPPER GLEN ROSE WEATHERS TO CREAM COLORED STAIR STEP TOPOGRAPHY. IT IS A GRAY
MARL IN THE IMMEDIATE SUBSURFACE. THIS UPPER GLEN ROSE MEMBER IS NOT AN AQUIFER IN KERR
COUNTY. PORTIONS OF THE UPPER GLEN ROSE CONTAIN BEDS OF ANHYDRITE AND/OR GYPSUM. IT
COMMONLY CONTAINS FOSSIL MOLDS AND OYSTER SHELLS. ONE VERY PROMINENT FORAMINIFERA IS THE

ORBITOLINA TEXANA WHICH IS NOT NECESSARILY AN INDEX OR MARKER FOSSIL ACROSS THE WIDTH AND

BREADTH OF THE COUNTY. IT IS TYPICALLY 250-300 FEET THICK IN THE WESTERN PORTION OF THE COUNTY

THINNING TO 100 FEET OR LESS IN THE EASTERN PORTION OF THE COUNTY.

FIGURE 14: - ORBITOLINA TEXANA FORAMINIFERA FOUND THROUGHOUT THE GLEN ROSE

FORMATION.



THE LOWER GLEN ROSE MEMBER OF THE GLEN ROSE FORMATION THINS AND CHANGES FACIES FROM
LIMESTONE TO SAND ACROSS MOST OF THE NORTHERN PORTION OF THE COUNTY. THE AGE EQUIVALENT
SAND IS KNOWN AS THE HENSEL MEMBER OF THE PEARSALL FORMATION. THIS LOWER GLEN ROSE
MEMBER IS A MASSIVE CARBONATE UNIT AND IT DOES SERVE AS A SECONDARY AQUIFER IN THE
SOUTHEASTERN PORTION OF THE COUNTY. IT DOES CONTAIN EVAPORATES IN THE FORM OF ANHYDRITE,
GYPSUM AND AN ORANGE COLORED MICRODOLOMITE. THE LOWER GLEN ROSE IS INTERBEDDED
BIOMICRITE, BIOSPARITE AND MICRODOLOMITE. THE THICKNESS OF THE LOWER GLEN ROSE AMOUNTS TO
APPROXIMATELY 100-250" FEET WHERE PRESENT, BUT IT CHANGES FACIES TO A SAND ACROSS THE
NORTHERN PORTION OF THE COUNTY. IT IS TRANSITIONAL WITH THE UNDERLYING AND ADJACENT TO THE
HENSEL SAND MEMBER OF THE PEARSALL FORMATION. THE TOP OF THE LOWER GLEN ROSE IS OFTEN

PICKED ON THE “CORBULA BED” AS SHOWN BELOW.

FIGURE 15: - CORBULA BED AT THE TOP OF THE LOWER GLEN ROSE (20X)

AT THIS POINT THE AUTHOR INTRODUCES A CARBONATE CLASSIFICATION SCHEME. THE R.L. FOLK
CLASSIFICATION IS USED THROUGHOUT THE REPORT INCLUDING THE LITHOLOGIC LOGS FOUND IN MOST OF
THE CHAPTERS. THE AUTHOR WAS A GRADUATE STUDENT AT UT @ AUSTIN WORKING UNDER DR. R.L.
FOLK.



CLASSIFICATION OF CARBONATES

ROCKS ARE CLASSIFIED IN ORDER TO COMMUNICATE INFORMATION ABOUT THEM. ALL CLASSIFICATIONS
OF LIMESTONES ARE ARBITRARY AND THEY FREQUENTLY OVERLAP OR DO NOT FIT ONES PARTICULAR
NEEDS. SINCE BINOCULAR MICROSCOPES OR HAND LENSES ARE THE TOOLS THAT ARE COMMONLY
AVAILABLE TO THE EXPLORATIONIST, A PRACTICAL CLASSIFICATION SHOULD BE BASED ON DESCRIPTIONS
USING THEM. WHEN THESE INSTRUMENTS ARE USED, IT IS USUALLY POSSIBLE TO IDENTIFY THE INDIVIDUAL
GRAINS FORMING THE ROCK. THUS MOST CLASSIFICATIONS REQUIRE THAT THE MOST SIGNIFICANT
SEDIMENTARY PARTICLE IN THE ROCK BE DESCRIBED. FOR INSTANCE, IF A ROCK IS COMPOSED OF OOIDS, IT
IS TERMED AN OOLITIC LIMESTONE. IF THE LIMESTONE ALSO CONTAINS A MINOR ELEMENT SUCH AS
SKELETAL FRAGMENTS, THEN IT IS CALLED A SKELETALOOLITIC LIMESTONE.

TWO OF THE MOST WIDELY USED CLASSIFICATIONS ARE THOSE OF FOLK (1959, 1962) AND DUNHAM
(1962). BOTH CLASSIFICATIONS SUBDIVIDE LIMESTONES PRIMARILY ON THE BASIS OF MATRIX CONTENT.
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Folk's Textural Classification of Carbonate Sediments
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FIGURE 16: - DR. R.L. FOLK’S CARBONATE CLASSIFICATION.

MOST LIMESTONES ARE CLASSIFIED BY FOLK ALLOCHEMICAL ROCKS IF THEY CONTAIN OVER L0%
ALLOCHEMS (TRANSPORTED CARBONATE GRAINS). BASED ON THE PERCENTAGE OF INTERSTITIAL
MATERIAL, THE ROCKS MAY BE FURTHER SUBDIVIDED INTO TWO GROUPS: SPARRY ALLOCHEMICAL
LIMESTONES (CONTAINING A SPARRY CALCITE CEMENT OF CLEAR COARSELY CRYSTALLINE MOSAIC
CALCITE CRYSTALS) AND MICROCRYSTALLINE ALLOCHEMICAL LIMESTONE (CONTAINING
MICROCRYSTALLINE CALCITE MUD, MICRITE, WHICH IS SUBTRANSLUCENT GRAYISH OR BROWNISH
PARTICLES LESS THAN ABOUT 5 MICRONS IN SIZE). FURTHER SUBDIVISION IS BASED ON THE ALLOCHEM
RATIOS OF FOLK (1962) ARE SHOWN IN SCHOLLE & ULMER-SCHOLLE (2003).

THUS FOLK'S CLASSIFICATION (FIGURES ABOVE) IS MOST SUITED FOR THIN SECTION STUDY. REMEMBER
THAT HE TERMS ROCKS WITH APPRECIABLE MATRIX AS MICRITES WHILE MATRIX-FREE ROCKS THAT
CONTAIN SPARRY CALCITE CEMENT ARE TERMED SPARITES. AS YOU CAN SEE SPARITES AND MICRITES ARE
FURTHER SUBDIVIDED BY MEANS OF THEIR MOST COMMON GRAINS.

THE LOWER GLEN ROSE IS UTILIZED AS AN AQUIFER IN A LIMITED AREA IN AND AROUND CENTER POINT. IT
IS SELDOM UTILIZED AS AN AQUIFER ELSEWHERE IN THE COUNTY DUE TO THE PRESENCE OF CALCIUM
SULPHATE OR ANHYDRITE AND/OR GYPSUM BEDS INTERCALATED WITH ORANGE MICRODOLOMITE. THESE
SAME PALEOENVIRONMENTS OF DEPOSITION ARE FOUND IN THE PRESENT DAY PERSIAN GULF AND THESE

EVAPORATE PANS ARE KNOWN AS SABHKAS.



THE LOWER GLEN ROSE IS FOUND IN A VERY NARROW BAND ALONG A STREAM BED NEAR COMFORT ON
THE SURFACE. ALL THE REST OF LOWER GLEN ROSE IS CONFINED BELOW THE UPPER GLEN ROSE

MEMBER.

HENSEL SAND MEMBER, PEARSALL FORMATION

THE HENSEL SAND MEMBER OF THE PEARSALL FORMATION IS THE MOST IMPORTANT AQUIFER IN KERR
COUNTY. THIS AQUIFER CONTAINS THE VAST MAJORITY OF WATER IN STORAGE. IT DOES NOT REACH THE
SURFACE AND IS ENTIRELY CONFINED BELOW THE UPPER AND LOWER GLEN ROSE MEMBERS. IN FACT, ALL

OF THE AQUIFERS BELOW THE UPPER GLEN ROSE ARE CONFINED AQUIFERS.

L Glen Rose, 11, _Cow Creek, 2,
3% 0%

Co-mingled, Alluvial, 1, 0%

13,3%

H Hensel

B Edwards

m Co-mingled
H L Glen Rose
H Alluvial

m Cow Creek

FIGURE 17: — PIE DIAGRAM DEPICTING THE IMPORTANCE OF THE EDWARDS AND HENSEL

AQUIFERS IN KERR COUNTY.

THE HENSEL SAND MEMBER IN KERR COUNTY IS COMPOSED OF FINE-COARSE GENERALLY UNCEMENTED
LOOSE SAND. GRAVELIFEROUS SAND AND POOR SORTING INCREASE NEAR THE BASE OF THE UNIT.
HYDROLOGICAL HEADS ALSO INCREASE AS THE SECTION IS DRILLED AND COMPLETED. IN OTHER WORDS,
SIGNIFICANT INCREASES IN WATER LEVEL ELEVATIONS ARE NOTED FROM THE BASE OF THE UNIT IN

COMPARISON TO COMPLETIONS AT THE THE TOP OF THE UNIT.



THE HENSEL VARIES IN THICKNESS FROM APPROXIMATELY 400 FEET NEAR MOUNTAIN HOME TO
APPROXIMATELY 150 FEET IN THE SOUTHEASTERN PORTION OF THE COUNTY. THE SAND IS DERIVED FROM
MOST OF THE CLASTIC UNITS THAT SURROUND THE LLANO UPLIFT AND IN PARTICULAR THE CAMBRIAN
HICKORY SANDSTONE. THE REWORKED HICKORY IS CHARACTERIZED BY WELL ROUNDED CHATTER
MARKED COURSE GRAINS. NO REWORKED FELDSPAR HAS BEEN NOTED IN HENSEL SAMPLES INDICATING
RAINFALL THAT WOULD EXCEED 30-40” PER YEAR DURING THE DEPOSITIONAL CYCLE.

THE HENSEL UNDERLIES THE UPPER GLEN ROSE MARLS OVER THE ENTIRE COUNTY AND OVERLIES THE
BEXAR SHALE MEMBER IN THE SOUTHERN PORTION OF THE COUNTY. THE HENSEL IS A FACIES OF THE
UPPER GLEN ROSE, THE LOWER GLEN ROSE, BEXAR, Cow CREEK, HAMMETT, SLIGO AND HOSSTON TO
THE NORTH AND NORTHWEST PORTIONS OF THE COUNTY. THE HENSEL IN THIS AREA OVERLIES THE
PALEOZOIC SURFACE. THE AUTHOR HAS DESIGNATED THIS NORTHERN SAND FACIES AS THE HENSEL
NORTH TO DIFFERENTIATE IT FROM THE HENSEL SOUTH WHICH IS FOUND BETWEEN THE THE LOWER GLEN
ROSE AND THE BEXAR SHALE. THE PINCH OUT OR FACIES CHANGE OF THE HAMMETT CLAY MEMBER IS
PARTIALLY COINCIDENT WITH BEXAR SHALE PINCH OUT MOVING FROM SOUTH TO NORTH. THIS MAJOR

FACIES CHANGE, WITH FEW EXCEPTIONS, IS THE CHANGE FROM MARINE TO CONTINENTAL DEPOSITION.

THE HENSEL BRAIDED STREAM AQUIFER IS MOST WELL DEVELOPED ALONG AN AXIS THAT STRETCHES
SOUTHWEST FROM MOUNTAIN HOME TO GARVEN’S STORE ON THE REAL-KERR COUNTY BOUNDARY. THE
WATER IN STORAGE ALONG THIS AXIS FAR EXCEEDS ANY OTHER AREA IN THE COUNTY. IT IS PERHAPS THE
STRONGEST AND MOST ABUNDANT AQUIFER IN THE TEXAS HILL COUNTRY. IT IS CERTAINLY THE MOST

FAVORED COMPLETION TARGET OVER THE ENTIRE COUNTY.

THE HENSEL AQUIFER IS RECHARGED FROM THE EXTENSIVE OUTCROPS TO THE NORTH AND NORTHWEST.
RAINFALL FALLS ON THE OUTCROP AND MOVES DOWN GRADIENT BENEATH THE UPPER GLEN ROSE MARL.

THE MAP BELOW DEPICTS THE OUTCROP AND THICKNESS OF THE HENSEL AND THE RECHARGE ROUTES.
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FIGURE 18: - HENSEL AQUIFER MAP DEPICTING THICKNESS, FLOW REGIMES AND OUTCROPS.

ALTERED WEATHERED VOLCANIC ASH FORMS ISOLATED BEDS OF GREEN BENTONITE, TEN TO FORTY FEET
THICK, WITHIN THE HENSEL IN THE NORTHWESTERN PORTION OF THE COUNTY. THIS INDICATES THAT
INTRUSIONS WERE PRESENT WITHIN THE AREA DURING THE TIME OF DEPICTION AS SHOWN ABOVE. THE
BRAIDED STREAM BED NATURE OF THE HENSEL IN THIS AREA ALSO INDICATES THAT THE LLANO UPLIFT
ISLAND COMPLEX WAS ELEVATED AT LEAST 1,000 FEET ABOVE THE BRAIDED PLAIN OF DEPOSITION THAT

EXTENDED FROM GILLESPIE COUNTY, DOWN THE AXIS OF HWY 41 TO AT LEAST GARVEN’S STORE IN THE
WEST CENTRAL PORTION OF THE COUNTY.
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FIGURE 19: - HENSEL BRAIDED STREAM AND THICK SANDS ALONG THE NW PORTION OF
KERR Co.
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FIGURE 20: - HENSEL — LOWER GLEN ROSE TIME SLICE PALEO-FACIES MAP.



BEXAR SHALE MEMBER, PEARSALL FORMATION

THE BEXAR SHALE IS A MISNOMER. THE UNIT IS COMPOSED OF MARL AND CLAY FOR THE MOST PART AND
ALMOST NO SHALE HAS BEEN NOTED. IN SOME AREAS THE BEXAR IS ORGANICALLY RICH, VERY FINE
GRAINED SANDY CLAY. IN OTHER AREAS IT IS A SAND FACIES, WHILE IN OTHER AREAS IT IS A RED
PALEOSOL. IN SOME AREAS, IT IS MISSING ENTIRELY DUE TO EROSION. TYPICALLY, IT IS ABOUT 5-25 FEET
THICK. TYPICALLY, IT IS GRAY SILTY MARL SEPARATING THE OVERLYING HENSEL SAND FROM THE
UNDERLYING CoOwW CREEK WHITE BIOSPARITE. IT IS FREQUENTLY ONLY SEEN ON GEOPHYSICAL LOGS AND
ALMOST NEVER DESCRIBED BY DRILLERS. THE FACIES EQUIVALENT IN CENTER POINT AREA IS GENERALLY
A SAND OR PALEOSOL. THE BEXAR SHALE PINCHES OUT TO THE NORTH AND NORTHWEST ROUGHLY
FOLLOWING THE PITCHOUT OF THE HAMMETT MEMBER. IT MAY SERVE AS A LOCAL TIME EQUIVALENT
AQUIFER IN THE CENTER POINT AREA. IT HAS NO LITHOLOGIC SIGNIFICANCE OTHER THAN A GEOPHYSICAL
LOG MARKER BED REPRESENTING A SHALLOW MARINE TRANSGRESSION WITHIN THE PEARSALL

FORMATION. IT BECOMES A MUCH MORE IMPORTANT MARKER BED SOUTH OF KERR COUNTY.
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FIGURE 21: - LIMIT OF HAMMETT AND BEXAR UNITS WITH WELLS, ROADS, PARKS AND CITIES.

Cow CREEK LIMESTONE MEMBER, PEARSALL FORMATION

THE Cow CREEK LIMESTONE MEMBER IS GENERALLY A WHITE POROUS BIOSPARITE THAT BLENDS INTO A
LIGHT BROWN MICRODOLOMITE IN THE LOWER HALF. THE TOP OF THE Cow CREEK IS OFTEN
CHARACTERIZED BY A TIGHT NON-POROUS HARD WHITE MICRITE. IT IS SELDOM DESCRIBED BY DRILLERS
EVEN THOUGH IT IS QUITE DISTINCT IN CUTTINGS. IT IS OFTEN COMINGLED AS AN AQUIFER WITH THE
HENSEL AS DESCRIBED ABOVE. THE POROUS WHITE BIOSPARITE IS GENERALLY ABOUT 20-30 FEET THICK,
WHILE THE ENTIRE UNIT IS APPROXIMATELY 50-60 FEET THICK. THE FOLLOWING IS A PHOTOMICROGRAPH
OF A THIN SECTION (~30 MICRONS THICK) IN A POLARIZED TRANSMITTED LIGHT MICROSCOPE. THE BLUE

AREA REPRESENTS POROSITY. NOTE THE ROUNDED RE-CRYSTALLIZED FOSSIL FRAGMENTS AND OOIDS.



FIGURE 22: - Cow CREEK LIMESTONE THIN SECTION CUT ABOUT 30 MICRONS IN

THICKNESS. THE BLUE AREA ARE POROUS, WHILE THE LIGHT TAN AREAS ARE

RECRYSTALLIZED FOSSIL FRAGMENTS AND OOLITES.

THE Cow CREEK BECOMES A SAND FACIES IN AND AROUND THE CENTER POINT AREA AND CHANGES
FACIES TO THE NORTH BECOMING THE HENSEL NORTH TIME EQUIVALENT ROUGHLY ALONG THE

HAMMETT-BEXAR LIMIT AS SHOWN IN FIGURE 23.

THE Cow CREEK IS THE PRIMARY AQUIFER ALONG WITH THE HENSEL AND MORE OFTEN THAN NOT THIS
UNIT REMAINS UNRECOGNIZED BY DRILLERS. IT MAY BE REFERRED TO AS “STREAKS OF WHITE LIMESTONE”

AND ALMOST NEVER SEPARATED FROM THE SANDS ABOVE THE UNIT.
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FIGURE 23: - REGIONAL FACIES Cow CREEK MAP. THE BLUE AREA DEPICTS LOW POROSITY
AREAS, WHILE THE WHITE AREAS DEPICT HIGH ENERGY POROUS AREAS. THE GREEN AREAS

REPRESENT QUARTZ SAND FACIES.



HAMMETT CLAY MEMBER, PEARSALL FORMATION

THE HAMMETT CLAY REPRESENTS AN ADVANCING ANOXIC SEA THAT WAS ORGANICALLY RICH AND
SLIGHTLY OVER PRESSURED. IT RANGES IN THICKNESS FROM 0-60 FEET. IT OFTEN CONTAINS NUMEROUS
OYSTER FRAGMENTS IN KERR COUNTY INDICATING AN ESTUARY ENVIRONMENT OF DEPOSITION. IT IS A
GRAY STICKY SOFT CLAY THAT EXPANDS INTO LARGE FIST SIZED CHUNKS AS IT IS DRILLED. IT OFTEN
STICKS TO DRILL COLLARS AND MAY COMPLETELY STOP AIR FLOW FROM THE BIT. IN SOME AREAS IT WILL
CRUSH AND OR SPLIT SDR-17 PVC 4.5” CASING. GENERALLY, IT IS WISE TO SET STEEL CASING THROUGH
THE HAMMETT, IF COMPLETING IN THE SLIGO-HOSSTON COUPLET. THE CLAY DISSOLVES INTO A DARK
GRAY MUD WHILE DRILLING AND OFTEN IT IS NOT DETECTED BY DRILLERS UNTIL IT BLOWS TO THE
SURFACE AS LARGE CHUNKS. DRILLERS SHOULD NEVER LEAVE TOOLS IN THE HOLE OVER NIGHT TO
PREVENT STUCK DRILL PIPE. IT OFTEN CAVES INTO THE HOLE AS SOON AS IT IS DRILLED. GEOPHYSICAL
LOGS MUST BE IMMEDIATELY RUN AFTER PULLING OUT OF THE HOLE ACROSS THE HAMMETT CLAY. NEAR
THE LEADING EDGES OF THE PINCH OUT, SILT AND COAL HAVE BEEN NOTED IN THE UNIT AND IT BECOMES

SOMEWHAT MORE COMPETENT.

SLIGO LIMESTONE FORMATION

THE SLIGO LIMESTONE IS A FACIES OF THE UNDERLYING HOSSTON FORMATION AND IS LIMITED TO THE
EXTREME SOUTHERN BOUNDARIES OF KERR COUNTY. IT IS CHARACTERIZED BY A SANDY POORLY WASHED
GREEN PHOSPHATE BEARING BIOMICRITE AND BIOSPARITE. IT IS TRANSITIONAL WITH THE UNDERLYING
HOSSTON SANDS, SILTS AND GRAVELS. IT IS AN AQUIFER THAT IS SELDOM, IF EVER, UTILIZED AS A
COMPLETION TARGET. IT RANGES FROM 0-30 FEET ACROSS VERY LIMITED AREAS OF THE COUNTY. MOST
WELLS THAT TARGET THE HOSSTON SET CASING WITHIN THE SLIGO LIMESTONE OR ITS FACIES HOSSTON
SILTY TIME EQUIVALENT. THE SLIGO BECOMES A MUCH MORE IMPORTANT AND WELL DEVELOPED AQUIFER
IN SOUTHERN BANDERA COUNTY. IT IS ESSENTIALLY THE MARINE TIME EQUIVALENT OF THE UNDERLYING

CONTINENTAL BASAL CRETACEOUS CLASTICS.



HOSSTON FORMATION

THE HOSSTON IS MORE COMMONLY KNOWN BY DRILLERS AND THE GENERAL PUBLIC AS THE “LOWER
TRINITY” SANDS. IT BECOMES A FACIES AND CLASTIC CONTINUUM OF THE HENSEL MEMBER NORTH OF THE
HAMMETT PINCH OUT. IT HAS BEEN THE PRIMARY PUBLIC WATER SYSTEM TARGET IN AND AROUND THE
CITY OF KERRVILLE. IT IS GROSSLY A FINING UPWARD SEQUENCE WITH BASAL GRAVELS RESTING ON THE
PALEO-TOPOGRAPHIC PALEOZOIC SURFACE. IT HAS COMMONLY BEEN CO-MINGLED WITH THE HENSEL IN
THE SOUTHEASTERN PORTION OF THE COUNTY. THESE COMINGLED COMPLETIONS HAVE BECOME A
HYDROGEOLOGICAL PRESSURE PROBLEM IN THE CENTER POINT TO COMFORT AREA. THE AVERAGE
THICKNESS OF THE HOSSTON IS APPROXIMATELY 165 FEET THINNING TO 60 FEET IN THE CITY OF
KERRVILLE. WELLS DRILLED KERRVILLE SOUTH SELDOM DRILL THE ENTIRE SECTION, THEREBY LIMITING
HYDRAULIC HEADS COMPARED TO WELLS DRILLED THROUGH THE ENTIRE SECTION. IF THE WELLS ARE
DRILLED WITH MUD IN DEFERENCE TO AIR, THE COMPLETION CONSEQUENCES HAVE PROVED TO BE
DISASTROUS. MUD DRILLED HOSSTON WELLS MAY NEVER RECOVER FROM DEEP MUD INVASION INTO THE
SANDS AND BASAL GRAVELS AROUND THE BOREHOLE. ONE WELL IN THE CENTER POINT AREA
ENCOUNTERED A 40 FOOT BED OF INDURATED VOLCANIC GLASS, ANOTHER WELL DRILLED IN BANDERA
COUNTY ENCOUNTERED THIS SAME INDURATED TUFF, WHICH WAS SEEN IN A TWIN WELL DRILLED 300

YARDS TO THE EAST.

THE HOSSTON WAS LAID DOWN IN BRAIDED HIGH ENERGY STREAMS UPON THE IRREGULAR ERODED
PALEOZOIC SURFACE. THICKER AND MORE COARSE GRAINED CLASTICS WERE LAID DOWN IN THE PRE-
EXISTING PALEOZOIC VALLEYS IN DEFERENCE TO THE ADJOINING HILLS. THE PALEO-ELEVATION
DIFFERENCES AMOUNT TO AS MUCH AS 200 FEET IN SOME AREAS. IN KERR COUNTY, THE HOSSTON EITHER
OVERLIES BLACK ORGANIC RICH PENNSYLVANIAN SHALE OR THE ORDOVICIAN ELLENBURGER DOLOMITE.
THE PALEOZOIC FAULTED SURFACE EXHIBITS 2,000-3,500 THROWS GENERALLY TRENDING NE-SW. THIS
STRUCTURAL SURFACE CONTROLS THE SEDIMENTARY PATHS AND THICKNESS OF THE OVERLYING
HOSSTON.



FIGURE 24: - EXAMPLE OF A BRAIDED STREAM AS IT MAY HAVE APPEARED DURING HOSSTON TIME
DEPOSITING SAND AND GRAVEL DERIVED FROM THE LLANO UPLIFT. THESE BRAIDED STREAM CHANNELS
WERE LAID DOWN ON A LOW ROLLING PALEOTOPOGRAPHIC SURFACE WITH ELEVATION RANGES FROM 50-
200 FEET. THE HOSSTON REMAINS A CONTINENTAL FLUVIAL FACIES UNTIL IT REACHES SOUTHERN
BANDERA COUNTY AND NORTHERN MEDINA COUNTY. THE OVERLYING SANDY LIMESTONE SLIGO
FORMATION IS FOUND ONLY IN THE SE EXTREME PORTION OF KERR COUNTY AND GRADUALLY INCREASES
IN THICKNESS TO THE SOUTH UNTIL IT COMPLETELY REPLACES THE HOSSTON AS A BARRIER REEF IN DEEP

SOUTH TEXAS.




FIGURE 25: - DOWN DIP REEF FACIES OF THE LOWER CRETACEOUS SYSTEM.

The Ellenburger Dolomite remains a potential
unexplored aquifer in Kerr County.
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FIGURE 26: - PALEO-GEOLOGY MAP OF THE PALEOZOIC SURFACE PRIOR TO THE DEPOSITION OF THE

HOSSTON SAND AND GRAVELS IN BRAIDED STREAMS. THE ARROWS REPRESENT PALEOTOPOGRAPHIC HIGHS

OR RIDGES.



FIGURE 27: - A PALEOZOIC RIDGE AND VALLEY SCENE AS IT MAY HAVE BEEN SEEN DURING THE EARLY

STAGES OF DEPOSITION OF THE HOSSTON SANDS AND GRAVELS UPON THE PALEOZOIC SURFACE.
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FIGURE 28: - CROSS-SECTION NEAR THE COMAL-KENDALL COUNTY BOUNDARY DEPICTING THE
INFLUENCE OF THE UNDERLYING PALEOZOIC STRUCTURE AND PALEO-TOPOGRAPHIC SURFACE ON THE

OVERLYING CRETACEOUS LITHOLOGY.



THE UNDERLYING PALEOZOIC STRUCTURAL SURFACE AND PALEO-TOPOGRAPHY HAVE IMPACTED FACIES
CHANGES WITHIN THE ENTIRE CRETACEOUS SYSTEM. IN CERTAIN PLACES THE PALEO-TOPOGRAPHY
CONTROLS THE HOSSTON THICKNESS AND HYDRAULIC CONDUCTIVITY. THE PALEO VALLEYS ALLOWED
BRAIDED STREAMS TO CONCENTRATE COARSER AND THICKER CLASTICS. THE INTERVENING PALEO HILLS
WERE HIGH ENOUGH IS SOME AREAS TO DEPOSIT ONLY SILTS AND ENTIRE VALLEY SEQUENCES ARE
ATTENUATED OR MISSING COMPLETELY. THE MOST STRIKING EXAMPLE IS THE AREA NEAR BERGHEIM,
TEXAS (SEE FIGURE 28). THE HOSSTON IN THE NORTHERN PORTION OF KERR COUNTY VARIES IN

THICKNESS QUITE MARKEDLY WITHIN THE CITY OF KERRVILLE AND THE SURROUNDING AREAS.

FACIES CHANGES WITHIN IN THE ENTIRE CRETACEOUS SYSTEM ARE ALSO NOTEWORTHY AND WERE
STRONGLY INFLUENCED BY THE UNDERLYING PALEOZOIC SURFACE THROUGHOUT KERR COUNTY AND
TEXAS HILL COUNTRY.

PALEO-GEOGRAPHIC TIME

THE PALEO-GEOGRAPHIC VIEW OF THE CONTINENTS AND THE OCEANS WAS QUITE DIFFERENT FROM THE
BEGINNING OF THE CRETACEOUS SYSTEM TO THE END OF EDWARDS GROUP TIME. THE FOLLOWING MAPS

DEPICT THESE DIFFERENT TIME PERIODS.

THE LOWER CRETACEOUS SEDIMENTS WERE LAID DOWN IN A VERY WARM CLIMATE WITH ELEVATED
LEVELS OF CARBON DIOXIDE. SHALLOW LAGOONAL SEAS WERE SPREAD ACROSS THE ENTIRE TEXAS HILL
COUNTRY ABOVE THE FLUVIAL HOSSTON SANDS. THESE SHALLOW MARINE LAGOONAL SEDIMENTS WERE
DOTTED WITH LUSHLY VEGETATED VERDANT ISLANDS. VERY FEW OF THE PALEOSOLS ASSOCIATED WITH
THESE ISLANDS HAVE BEEN PRESERVED EXCEPT NEAR THE PERIMETER OF THE LLANO UPLIFT. MUCH OF
THE LAGOONAL AREAS WERE JUST A FEW FEET DEEP ENABLING LARGE HERBIVORE AND CARNIVORE
DINOSAURS TO WADE FROM ISLAND TO ISLAND. THE SHALLOW LAGOONS WERE TEEMING WITH MARINE
LIFE. ONLY ABOUT 10% OR LESS OF THE REMAINS OF THIS MARINE LIFE IS PRESERVED AS FOSSIL
MATERIAL. THE TIME OF THIS STUDY SPANNED APPROXIMATELY 50-MILLION YEARS.



FIGURE 29: - DISTRIBUTION OF THE LANDMASS AND OCEAN BASINS AT THE BEGGING OF HOSSTON

DEPOSITION AT 144 MILLION YEARS BEFORE PRESENT (BP), AFTER BLAKEY, ET AL.



FIGURE 30: - DISTRIBUTION OF THE OCEANS AND LANDMASS AT THE END OF EDWARDS GROUP TIME,

AFTER BLAKEY ET AL.



ISOTOPE STUDIES

A CONSORTIUM OF GROUNDWATER DISTRICTS LAUNCHED AN ISOTOPE STUDY IN 2006 TO ASCERTAIN THE
AGES AND PROVENANCE OF GROUNDWATER MOVING THROUGH THE TEXAS HILL COUNTRY WITHIN
VARIOUS AQUIFERS. ALL OF THE PRE-EXISTING DATA AS WELL AS NEW DATA WERE COLLECTED AND

COMPARED. THE RESULTS WERE QUITE UNEXPECTED AND SURPRISING.

ISOTOPES INCLUDED C-14 AND TRITIUM AS WELL AS MANY OTHERS AS SHOWN ON THE FOLLOWING
SPREADSHEET. THE GATHERING AND ANALYSIS OF THIS DATA IS CONTINUING IN THE COUNTIES OF
BANDERA, BLANCO, GILLESPIE, KERR, KIMBLE AND KENDALL. PALEOZOIC AS WELL CRETACEOUS
AQUIFER GROUNDWATER WAS SAMPLED AND ANALYZED.

RECHARGE AND PROVENANCE OR ORIGIN AND DIRECTION OF GROUNDWATER FLOW WERE THE PRIMARY
GOALS. THE TWDB GROUNDWATER AVAILABILITY MODELS ASSUME A RAPID VERTICAL COMPONENT OF
RECHARGE. VERY LARGE RECHARGE NUMBERS WERE ASSUMED BY THIS METHOD UTILIZED BY THE TWDB.
THE SUBSURFACE GEOLOGY WITHIN THE CONFINED UNITS OF KERR COUNTY DOES NOT SUPPORT THIS
INTERPRETATION. THE UPPER GLEN ROSE MARL IS AN EFFECTIVE AQUITARD. GROUNDWATER FLOWING
INTO AND THROUGH THE HENSEL NORTH AND HENSEL SOUTH SANDS IS MOVING LATTERLY AND RECEIVES
VERY SMALL AMOUNTS OF VERTICAL RECHARGE DUE TO THE THICKNESS OF THE OVERLYING UPPER GLEN
ROSE AQUITARD. THIS UPPER GLEN ROSE AQUITARD COVERS THE ENTIRE COUNTY. THE ISOTOPE DATA
PROVES THIS TO BE THE CASE. HENSEL GROUNDWATER AGE DATES RANGE FROM 24,000 YEARS TO 28,000
YEARS OLD IN THE HENSEL SANDS. MOVEMENT OF THE GROUNDWATER IS VERY SLOW AND MAPPING
SHOWS THAT IT IS MOVING FROM THE HENSEL OUTCROP AREAS LOCATED IN MASON, KIMBLE AND
GILLESPIE COUNTIES. SOME HENSEL GROUNDWATER MAY ORIGINATE FROM THE UNCONFINED PORTION OF
THE EDWARDS-TRINITY AQUIFER FROM ADDITIONAL AREAS TO THE NORTHWEST OF KERR COUNTY AS THE
UPPER GLEN ROSE CHANGES FACIES AND BECOMES THE HENSEL NORTH. IN OTHER WORDS, THE
UNCONFINED EDWARDS LIMESTONES DIRECTLY OVERLIE THE HENSEL SANDS CREATING A SINGLE LEAKY

AQUIFER.



THE EDWARDS UNCONFINED AGE DATES IN GILLESPIE COUNTY RANGED FROM 2,000 To 10,000 YEARS
OLD. ONE SPRING IN BANDERA COUNTY APPEARED TO B APPROXIMATELY 800 YEARS OLD. EDWARDS
SAMPLES IN KERR COUNTY HAVE NOT BEEN TAKEN. THE AGE CORRECTIONS OF “PERCENT MODERN
CARBON” (PMC) ARE FAR MORE APPLICABLE TO CARBONATE AQUIFERS SUCH AS THE EDWARDS IN
DEFERENCE TO CLASTIC AQUIFERS SUCH AS THE HENSEL. THUS AGE DATES WITHIN THE HENSEL ARE MUCH
MORE REALISTIC THAN AGE DATES WITHIN THE EDWARDS CARBONATES.

THE FOLLOWING TABLE DISPLAYS A VERY SMALL PORTION OF THE DATA AND ISOTOPES COLLECTED.

WELL/SPRING LITHOLOGIC UNIT DATE C-14

SAMPLED AGE
KERR JOHNSON CREEK RV HENSEL SAND NORTH 2006-JUNE 25,880
KERR JOHNSON CREEK RV HENSEL SAND NORTH 2006-DEC 28,000
KERR ALPINE CITY WELL HOSSTON SAND 2006-DEC 25,480
KERR HAYES WELL HENSEL SAND 2006-DEC 25,410

KERR 1-USGS
KERR 2-USGS
KERR 3-USGS
KERR 4-USGS
KERR 5-USGS
KERR 6-USGS
KERR 7-USGS

LOWER TRINITY
LOWER TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY

Cow CREEK
MIDDLE TRINITY
MIDDLE TRINITY
LOWER TRINITY

KENDALL JiIM SCHOWPE WELL
KENDALL 8-USGS

KENDALL 9-USGS

KENDALL 12-USGS

2006-JUNE 17,080

SINNBI=A CITY WELL # 5 HOSSTON SAND 2007-JUN 41,333
EANBI=EIN CITY WELL#5 HOSSTON SAND 2006-JUN 25,490
SANBI= P-1020 MEDINA WSC HOSSTON SAND 2007-JUN 35,330
EANBI=EIN L AKE MEDINA SHORES #2 HOSSTON SAND 2007-JUN 43,660

SIN\DI=A 17-USGS
SIN\bI=Ae 18-USGS
SN\ 20-USGS
SN 22-USGS
SIN\bI=Ae 23-USGS
SYANI=I PRIVILEGE CREEK

MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
Cow CREEK 2007-JuLy 22,740

BANDERA
BANDERA
BANDERA
BANDERA

AS-68-25-102
AS-68-25-505
AS-68-25-507
AS-68-25-509

MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY



BANDERA AS-68-25-511 MIDDLE TRINITY

€ER=s2= P. LAMBRIGHT EDWARDS 2007-OcTt

€EE=sz= J. MECHLER EDWARDS 2007-OcT 8960
(E|EESE= V. ALTHAUS HENSEL SAND NORTH 2007-OcT 830
(€]|IE=5E= VINEYARD (FREDERICKSBURG) HENSEL SAND NORTH 2006-JUN MODERN
(€1|NE=52= VINEYARD (FREDERICKSBURG) HENSEL SAND NORTH 2007-OcTt MODERN
€lER=sz= P. TYBOR HENSEL SAND NORTH 2007-OcT MODERN
€l|lL=s2l=| HIDDEN SPRINGS HENSEL SAND NORTH 2007-OcTt 22,940
€l|EE=SE= HARPER HENSEL SAND NORTH 2007-OcT 17,020
GILLESPIE MiGE] ELLENBURGER 2007-OcT 2,850
(€l|[lE=5z1l=| BOERNER 5 ELLENBURGER 2007-OcT 16,902
€HE=5z=" H. SOHNER ELLENBURGER 2007-OcTt 2,880
€lii=sE= G. MARBURGER ELLENBURGER 2007-OcT 26,490
€l|EE=SE= L. TYBBOR HICKORY 2007-OcT 19,740
EJIEEEEE= D. JOHNSON HICKORY 2007-OcT 28,700
€j|if=sz1= | PED. RIVER@FIEDLER RD. GLEN ROSE OUTCROP 2007-OcTt N/A
€]|NE=SE1= PED. RIVER@GOEHMANN LN. ELLENBURGER OUTCROP 2007-OcT N/A
€l|iE=sz1= | RAIN PRECIP@ FBG. TX. HENSEL OUTCROP 8/17/2007 N/A
(E|HE=S1E=8 RAIN PRECIP@ FBG. TX. HENSEL OUTCROP 9/4/2007 N/A

BLANCO RockIN JWELL 1 HENSEL-Cow CREEK 8/22/2006 4,880
BLANCO RockIN JWELL 1 HENSEL-Cow CREEK 9/26/2007 5,260
BLANCO MIKE & PAM REESE WELL HENSEL 8/22/2007 1,790
BLANCO DWAYNE HOPPE WELL HENSEL 8/22/2007 7,140
BLANCO JOHN STEPHSENSON WELL HENSEL 8/21/2007 1,830
BLANCO JAMES SULTEMEIER LS WELL HENSEL 8/21/2007 1,990
BLANCO ROBERT KEITH WELL ELLENBURGER 8/22/2007 1,780
BLANCO KAREN WEBER WELL ELLENBUGER 8/23/2007 7,120
BLANCO MAVIS LEMONS WELL ELLENBURGER 8/27/2007 730
BLANCO BPGCD MONITOR WELL ELLENBURGER 8/15/2007 2,540
=UAN[elel " LARRY HAUPTRIET (OLD GROTE) WELL HICKORY 8/23/2007 15,640
BLANCO SANDY STORE WELL HICKORY 8/28/2007 4,410
BLANCO BLANCO RIVER/CRABAPPLE RD 10/31/2007 N/A
BLANCO BLANCO RIVER/COX RD. 10/31/2007 N/A
BLANCO PEDERNALES RIVER PALEOZOIC 10/31/2007 N/A
BLANCO PED. R. HAMMETT'S CROSSING 10/31/2007 N/A
BLANCO RAIN WATER 8/16/2007 0
BLANCO KLEPAC SPRING 9/26/2007 1,880
BLANCO KOCH SPRING 9/26/2007 2,020

REAL 15-USGS LOWER TRINITY
REAL 16-USGS LOWER TRINITY

SNz 19-USGS LOWER TRINITY
=AY 21-USGS LOWER TRINITY

BEXAR 10-USGS MIDDLE TRINITY
BEXAR 11-USGS MIDDLE TRINITY




BEXAR
BEXAR
BEXAR

CoMAL
CoMAL

MEDINA
MEDINA
MEDINA
MEDINA
MEDINA
MEDINA
MEDINA
MEDINA

13-USGS
24-USGS
25-USGS

14-USGS
26-USGS

TD-68-25-602
TD-68-25-603
TD-68-25-701
TD-68-25-807
TD-68-25-809
TD-68-25-402
TD-68-25-806
TD-68-25-810

MIDDLE TRINITY
MIDDLE TRINITY
MIDDLE TRINITY

MIDDLE TRINITY
MIDDLE TRINITY

MIDDLE TRINITY
MIDDLE TRINITY
EDWARDS
UPPER TRINITY
MIDDLE TRINITY
MIDDLE TRINITY
EDWARDS
MIDDLE TRINITY

TABLE 7: - ISOTOPE GROUNDWATER AGE DATA, TEXAS HILL COUNTRY.

THE FOLLOWING IS AN OUTLINE OF THE PROCEDURES THAT ARE FOLLOWED WITH REGARD TO THE ONGOING

ISOTOPE PROGRAM.
THE ANALYTICAL APPROACH THAT IS PROPOSED TO BE TAKEN TO CONDUCT AN AGE DATING/SOURCE

PROVENANCE STUDY OF GROUNDWATER WITHIN THE TEXAS HILL COUNTRY WILL CONSIST OF THE
FOLLOWING:

AGE DATING

TRITIUM

CARBON 14

SOURCE/PROVENANCE

OXYGEN 18

DEUTERIUM



MAJOR CATION/ANION

PH FLUORIDE TEMPERATURE
SILICA CALCIUM SobiumM
MAGNESIUM STRONTIUM SULFATE
BROMIDE CHLORIDE POTASSIUM
ALKALINITY NITRATE IRON

ALL GROUNDWATER SAMPLES WILL BE RUN FOR ALL OF THE ANALYSES LISTED ABOVE. IN ADDITION TO
GROUNDWATER SAMPLES, SURFACE WATER AND RAINFALL SAMPLES SHOULD BE SAMPLED AND RUN FOR
SOURCE/PROVENANCE AND MAJOR CATION/ANION ANALYSES. THIS WILL IDENTIFY AND CHARACTERIZE
RECHARGE AREAS FOR GROUNDWATER LOCATED DOWN GRADIENT.

THE MAJOR CATION/ANION ANALYSES ARE NECESSARY TO INPUT THIS DATA INTO THE GEOCHEMICAL
MODELING PROGRAM NETPATH TO CALIBRATE THE UNADJUSTED C-14 AGES. THE PROGRAM WILL TAKE
INTO ACCOUNT ANY FRACTIONATION AND DILUTION FROM CARBONATES AND SULFATES THAT MAY OCCUR
WITHIN THE AQUIFER FROM RECHARGE TO DOWN GRADIENT AREAS.

ADDITIONAL INFORMATION IS PRESENTED IN THE APPENDIX OF THIS REPORT.
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FIGURE 31: - REGIONAL MAP DISPLAYING PERCENT MODERN CARBON WITHIN THE C-14 ANALYSIS




STRUCTURAL GEOLOGY
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FIGURE 32: - BOUGER GRAVITY MAP OF TEXAS. NOTE THE CENTRAL TEXAS LLANO UPLIFT AREA
ADJACENT TO THE OUACHITA FOLDBELT AND THE PENNSYLVANIAN TROUGH, WHICH ARE ALL ELEMENTS
OF KERR COUNTY. THE BASINS ARE DEPICTED IN YELLOW NEAR THE GREAT ARC OF THE OUACHITA
FOLDBELT THAT EXTENDS FROM DEL R10 TO SAN ANTONIO TO WACO AND DALLAS AND THEN EAST-
NORTHEAST INTO A THE SOUTHERN BOUNDARY OF THE APPALACHIANS.
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FIGURE 33: - MAGNETIC MAP OF TEXAS. NOTE THE PRONOUNCED LINEAMENTS ACROSS THE TEXAS HILL
COUNTRY DEPICTING PRE-CAMBRIAN IGNEOUS AND METAMORPHIC TERRAIN AS WELL AS MORE RECENT
IGNEOUS INTRUSIONS IN WEST TEXAS. NOTE THE EAST-WEST LINEAMENT ACROSS THE STATE FROM EL
PASO TO LOUISIANA. THIS MAY REPRESENT AN ANCIENT PRE-CAMBRIAN SUTURE ZONE BETWEEN TWO
PLATES.
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FIGURE 34: - SURFACE GEOLOGIC MAP OF KERR COUNTY.
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FIGURE 35: - ILLUSTRATION OF A DEM (DIGITAL ELEVATION MODEL) OF KERR COUNTY. THE HIGHER
ELEVATIONS DEPICTED IN RED OR ORANGE ARE ABOVE 2,300’. NOTE THE SURFACE DIVIDE ACROSS THE
NW PORTION OF THE COUNTY, WHICH IS NOT REFLECTED IN THE SUBSURFACE WITHIN UNITS BELOW THE
EDWARDS GROUP. THE TWDB TRINITY-HILL COUNTRY GAM MODEL CUTS OFF AT THE SURFACE DIVIDE.



IV KERR COUNTY HGCD DRILLING

THE HGCD HAS NOW DRILLED AND COMPLETED 12 RESEARCH AND MONITORING WELLS AT THE TIME OF
THIS REPORT. ADDITIONAL DRILLING IS PLANNED FOR THE FUTURE. THREE OF THE TWELVE WELLS WERE
COMPLETED IN TWO SEPARATE AQUIFERS. THESE ARE KNOWN AS DUAL COMPLETIONS. APPROXIMATELY 30
KERR COUNTY WELLS ARE NOW IN THE HGCD MONITORING PROGRAM AND MORE WELLS HAVE BEEN

ADDED EACH YEAR.

THE HGCD DRILLING PROGRAM BEGAN IN 2001 AND WILL CONTINUE INTO THE FORESEEABLE FUTURE.
EACH WELL WAS DESIGNED TO PENETRATE THE ENTIRE CRETACEOUS SYSTEM OF AQUIFERS AND
AQUITARDS. THE DEEPEST WELL DRILLED THUS FAR PENETRATED 1,330 FEET OF ROCK IN THE FAR

SOUTHWESTERN CORNER OF KERR COUNTY.(HGCD-10)
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FIGURE 36: - HGCD RESEARCH AND MONITOR WELL DRILLING, 2001-2008.



THE CONCEPT OF THE DRILLING PROGRAM IS TO ESTABLISH AN INDEX OF SCIENTIFICALLY CONTROLLED
SERIES OF RESEARCH WELLS THAT WOULD ESTABLISH NEW AND VERY DETAILED STRATIGRAPHIC AND
STRUCTURAL DATA POINTS IN THREE-DIMENSIONS OF THE ENTIRE CRETACEOUS SYSTEM OF AQUIFERS AND
AQUITARDS. THE PLACEMENT OF THE WELLS WAS DESIGNED TO ESTABLISH A GEOGRAPHIC STATISTICAL
REPRESENTATION OF THE SUBSURFACE GEOLOGY FOR KERR COUNTY. ONE NOTABLE BLANK AREA LIES IN
THE SOUTH-CENTRAL PORTION OF THE COUNTY AND ALONG THE NORTHERN EDGES OF THE COUNTY. NEwW

LOCATIONS WILL BE PLACED WITHIN THESE AREAS.

HGCD MW-12 ENCOUNTERED TAR AND HEAVY OIL POSSIBLY MIXED WITH NATURAL GAS. THE WELL
CASING WAS VIEWED WITH A VIDEO CAMERA ON 10-27-08 AND FOUND A FEW INCHES OF VERY HEAVY OIL
FLOATING ON THE WATER TABLE AT A DEPTH OF 645’. CONSIDERABLE SCALE WAS NOTED BUILDING UP ON
THE INSIDE OF THE CASING FROM THE WATER TABLE DOWN TO APPROXIMATELY 916°. THE CAMERA COULD
NOT GET PAST AN OBSTRUCTION AT THAT DEPTH. THE ASPHALT OF HEAVY OIL IS BELIEVED TO ORIGINATE
IN THE ELLENBURGER DOLOMITE FOUND AT THE BASE OF THE CRETACEOUS SANDS AT 1,036 1O 1,110
FEET. WATER SAMPLES WERE TAKEN AND DRIED. A DISTINCT OIL ODOR WAS NOTED IN THE SAMPLE
BOTTLES. THE DRIED RESIDUE RESEMBLES GILSONITE ®, WHICH IS AN ASPHALTIC INGREDIENT USED IN OIL

WELL CEMENT AND PAINT.

FIGURE 37: - HGCD-MW-12 GILSONITE® OR ASPHALT RESIDUE.



FIGURE 39: - HGCD-MW-12 OIL AND WATER EMULSION.



GILSONITE® HAS A DENSITY OF 1.04-1.06 WHICH WILL SINK IN FRESH WATER. HOWEVER, SOME VOLATILES
ARE STILL ESCAPING FROM THE ASPHALT DUE TO THE OIL/WATER INTERFACE. GAS BUBBLES WERE NOTED A

FEW FEET BELOW THE OIL/WATER INTERFACE RISING TOWARD THE SURFACE OF THE WATER TABLE.

THE DRILLING PROGRAM HAS SUBSTANTIALLY REVISED THE PRE-EXISTING LITERATURE AND ADDED
IMMEASURABLY TO THE UNDERSTANDING OF THE COMPLEX FACIES CHANGES AS WELL AS CLEARING UP

RECHARGE ISSUES. THE LIST OF BENEFITS IS OUTLINED BELOW.

1. THE WELL INDEX ALLOWS DRILLERS, LANDOWNERS, REALTORS, POLITICAL ENTITIES AND OTHERS
TO REVIEW THE DETAILED GEOLOGY AND DATA ASSOCIATED WITH ONE OR MORE OF THE WELLS.

2. THE DATA ALLOWS MONTHLY AND/OR DAILY WATER LEVEL INFORMATION TRANSMITTED TO THE
HGCD OFFICE VIA SATELLITE COMMUNICATION THEREBY ESTABLISHING LONG TERM TRENDS FOR
INDIVIDUAL AQUIFERS.

3. THE WATER LEVEL DATA IS ALSO A NEW LEGAL REQUIREMENT TO SUPPORT THE ““MANAGED
AVAILABLE GROUNDWATER”” NUMBER THAT WILL BE SET IN PLACE BY SEPTEMBER 1, 2010.

4. THE STRATIGRAPHIC DATA SET FORTH BY LITHOLOGIC AND GEOPHYSICAL LOGGING ALLOWS THE
CONSTRUCTION OF REGIONAL CROSS-SECTIONS AND A VARIETY OF GEOLOGIC MAPS INCLUDING
GROUNDWATER GRADIENT MAPS, THICKNESS MAPS, STRUCTURAL MAPS, PALEO-DEPOSITIONAL
MAPS, FLOW REGIME MAPS AND MANY OTHERS FOR EACH LAYER IN THE CRETACEOUS SYSTEM OF
ROCKS.

5. IT ENHANCES THE ABILITY OF THE HGCD BOARD TO BASE THEIR POLICY DECISIONS ON SOLID
SCIENTIFIC DATA IN DEFERENCE TO NO-DATA-DECISIONS FOR THE PRESENT AND FAR INTO THE
FUTURE.

6. THE NEW WELL DATA ALLOWS THE REVISION OF PRE-EXISTING OR NON- EXISTING LITERATURE
THAT WILL IMPACT THE ENTIRE TEXAS HILL COUNTRY REGION.

7. THE DATA ALSO ALLOWS AN ANALYSIS OF RECHARGE SUSTAINABILITY, WHICH IN TURN ALLOWS

ESTIMATES TO BE MADE OF THE WATER IN STORAGE AT ONE GIVEN TIME PERIOD.

IN SUMMARY, THE DRILLING PROGRAM HAS BEEN THE MOST INTEGRALLY IMPORTANT CONTRIBUTION TO

THE HEADWATERS GOAL OF CONSERVATION AND KNOWLEDGE THAT WILL EXTEND WELL INTO FUTURE.



V  LOGGING

HGCD HAS LOGGED THE TWELVE MONITORING WELLS AS WELL AS MANY OTHER DEEP WELLS IN KERR
COUNTY. IT IS A POLICY TO GEOPHYSICALLY LOG AND LITHOLOGICALLY LOG SELECTED PRIVATE OR
PUBLIC WELLS ACROSS THE ENTIRE COUNTY. A COLLECTION OF THESE LOGS ARE NOW BEING ADDED TO
THE HGCD FILES AND DATABASE.

THE GEOPHYSICAL LOG SHOWN IN FIGURE 18 DEPICTS THE DEPTH PLOTTED AGAINST A FOUR POINT
RESISTIVITY SERIES OF CURVES ON THE RIGHT SIDE OF THE LOG. RESISTIVITY ELECTRODES SPACED AT 8-
16-32-64” INDUCE CURRENT INTO AREA ADJACENT TO THE OPEN BOREHOLE AND RECORD THE RESPONSE.

MOVEMENT TO THE RIGHT INDICATES FRESH WATER, RELATIVE POROSITY AND LITHOLOGIC INDICATORS.

THE LEFT HAND SIDE OF THE LOG RECORDS THREE PARAMETERS INCLUDING A SELF POTENTIAL CURVE, A
SELF POTENTIAL RESISTIVITY CURVE AND A NATURAL GAMMA RAY LOG. THE RED LINE IS GAMMA RAY
CURVE. AS THIS CURVE INCREASES TO RIGHT, IT IS RECORDING MORE RADIATION ASSOCIATED WITH
ORGANIC MATTER ASSOCIATED WITH URANIUM; THORIUM AND RADIUM TRAPPED WITHIN THE FINER
GRAINED SEDIMENTS AND CLAYS. LESS GAMMA RADIATION INDICATES A CLEAN SAND OR CARBONATE

LITHOLOGY. THE GAMMA RAY CURVE IS CALIBRATED IN COUNTS PER MINUTE.

GEOPHYSICAL LOGS MAY BE USED AS A CORRELATION TOOL BETWEEN WIDELY SPACED WELLS. IT IS
PRUDENT TO USE THIS TYPE OF CORRELATION METHOD WITH CAREFULLY CONSTRUCTED LITHOLOGIC LOGS.
IF LITHOLOGIC LOGS ARE NOT USED, MISS-CORRELATIONS ARE POSSIBLE. PRE-EXISTING LITERATURE
INCORPORATING ONLY GEOPHYSICAL LOGS OFTEN MADE SOME ERRONEOUS PICKS UTILIZING THE CLAY
UNITS. THIS IS ONE OF THE OBSERVATIONS MADE BY THE AUTHOR BASED UPON THE DETAILED STUDIES
DESCRIBED HEREIN. THE HAMMETT CLAY WAS FREQUENTLY MAPPED TOO FAR NORTH. THE SLIGO
FORMATION WAS SELDOM DIFFERENTIATED FROM THE HOSSTON FORMATION IN PRE-EXISTING

LITERATURE DUE TO THE LACK OF LITHOLOGIC LOGS.
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FIGURE 40: - AQUA TEXAS NO. 3 GEOPHYSICAL LOG AT CENTER POINT DEPICTING THE ENTIRE
CRETACEOUS SERIES OF AQUIFERS AND AQUITARDS.



Well Aqua Texas No. 3 Center Point
Water Well Log Location Kelly Street, Center Point, Texas

Strata Geological Services, Inc. Geologist William Feathergail Wilson PG # 21
Tarpley, Texas Driller Davenport
830-562-3680 A0 || rig Type AirMud rotary
{ )| Total Depth 663°

Effective Well
Lithology Description Porosity Construction

0 10 20 Micro-graphs Comments

Depth
Water

0, -38 SAND &

—0 - .
Pleistocene-Holocene
@ surface

SRR
F 300‘-9200‘9§ GRAVEL: It tan very

o A\ /g,

coarse sand and gravel,
Pleul_ocene-Ho[acene Elev = 1.507"
alluvium
N29356"31.5" W 99
02" 44"

Set 18" steel casing to
40", set 12" steel
casing to 510"

Top of Upper Glen
Rose (@) 38’

-38, -110 MARL &
LIMESTONE: It gray
alternating marl and
phosphate bearing
biomicrite

FIGURE 41: - EXAMPLE OF A PARTIAL DETAILED LITHOLOGIC LOG OF THE FIRST 80’ OF THE AQUA
TEXAS NO. 3 SHOWN IN THE FIGURE 40 GEOPHYSICAL LOG. DETAILED DESCRIPTIONS WERE MADE
OF THE SAMPLES RECOVERED FROM THIS WELL AT INTERVALS OF 10 WITH A STEREOSCOPIC

MICROSCOPE



VI MAPPING & HYDROGEOLOGY

SUBSURFACE AND SURFACE MAPS ALLOW THE DEPICTION OF THICKNESS, STRUCTURE, FLOW DIRECTIONS,
PREDICTIONS, PROVENANCE, PALEOTOPOGRAPHY, GEOPHYSICS, CONTOURS, OUTCROPS, DIGITAL
ELEVATION MODELS AND COUNTLESS OTHER GEOLOGICAL FEATURES. THE USE OF MAPPING PROGRAMS
SUCH AS ARCGIS HAS GREATLY ENHANCED MAP MAKING OR CARTOGRAPHY ALONG WITH DETAILED
DATABASES. ARCGIS DATABASES CAN BE SORTED AND SELECTED TO ISOLATE INDIVIDUAL AQUIFERS AND
SURFACES TO CREATE DISTINCT AND COLORFUL MAPS. STATE AND FEDERAL DATABASES AND SHAPE FILES
ARE READILY AVAILABLE FOR LITTLE OR NO COST THAT ARE COMPATIBLE WITH ARCGIS PROGRAMS.
SPECIAL MAPPING AD-ON PROGRAMS SUCH AS SPATIAL ANALYST AND 3-D ANALYST WERE ALSO
UTILIZED. THE AUTHOR FREELY USES ALL OF THESE TOOLS TO CREATE THE MAPS FOUND IN THIS REPORT.
MANY HAND DRAWN MAPS WERE UTILIZED AT BOTH THE LOCAL AND REGIONAL SCALE TO SUPPLEMENT
THE FINAL ARCGIS DEPICTIONS.

HYDROGEOLOGY IS THE PRIMARY SUBJECT OF THIS REPORT AND CANNOT BE EASILY EXPLAINED WITHOUT
THE USE OF EXTENSIVE MAPS. ARCGIS ALLOWS THE USER TO CALCULATE VOLUMES OF ROCK AND AERIAL
EXTENTS THAT PLUG INTO RECHARGE AND DISCHARGE CALCULATIONS. ESTIMATES OF WATER IN STORAGE
IN EACH INDIVIDUAL AQUIFER IS AN IMPORTANT PARAMETER OF HYDROGEOLOGY. ESTIMATES OF WHERE

THE SUSTAINABILITY POINTS ARE GREATLY AIDED BY MANY TYPES OF MAPS.

THE MAPS PRESENTED IN THIS REPORT WILL ALSO SERVE AS A FOUNDATION FOR THE ADDITION OF NEW
DATA AND NEW INTERPRETATIONS AS NEW DATA IS DISCOVERED. THE AUTHOR AND THE GENERAL
MANAGER, GENE WILLIAMS, HAVE INSTITUTED NEW HANDOUTS AND DRILLER REQUIREMENTS TO
ENCOURAGE THE REPORTING OF BETTER DRILLER’S DESCRIPTIONS OF SAMPLES AND SECTIONS DRILLED.
THE DRILLER’S REPORTS ARE THE SINGLE MOST IMPORTANT DOCUMENTS THAT MAY EVER EXIST
HISTORICALLY. THE MORE EDUCATION AND ENCOURAGEMENT HGCD CAN PROVIDE DRILLERS IN KERR
COUNTY, THE BETTER THE DATA WILL BE INTO THE FUTURE. THAT WILL TRANSLATE INTO MORE ACCURATE

MAPS AND SUBSEQUENT INTERPRETATIONS.

THE FOLLOWING PARAGRAPHS WILL OUTLINE SOME OF THE BASIC QUESTIONS, SOLUTIONS AND GOALS OF
THE STUDY OF HYDROGEOLOGY OF KERR COUNTY. THIS INTRODUCTION WILL ALLOW THE READER TO

MORE FULLY UNDERSTAND THE COMPLEXITIES OF THE DATA THAT MAPPING HAS REVEALED\



HYDROGEOLOGY INTRODUCTION

IF YOU LEARN NOTHING ELSE, REMEMBER THAT WATER IS ALWAYS MOVING. IT MOVES FROM THE OCEANS
INTO THE ATMOSPHERE AND THEN FALL TO THE GROUND AS RAIN, SNOW, ICE OR DEW. IT REMAINS IN THE
ATMOSPHERE ABOUT TWO WEEKS FROM EVAPORATION THAT OCCURS IN THE GULF OF MEXICO AND THE
PACIFIC OCEAN. AFTER THE WATER FALLS TO THE GROUND IT MOVES DOWN THE STREAMS AND INTO THE
SHALLOW SUBSURFACE. THE MOVEMENT INTO THE SUBSURFACE IS OUR PRIMARY INTEREST AND THAT
FALLS INTO THE ARENA OF HYDROGEOLOGY. WATER MOVING IN THE SUBSURFACE, MOVES AT DIFFERENT

SPEEDS FROM FEET PER DAY TO CENTIMETERS PER DECADE OR SLOWER.
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FIGURE 42: - THIS DRAWING DISPLAYS THE WATER CYCLE AS PREVIOUSLY DESCRIBED.



SUBSURFACE WATER MOVES BACK TO THE SURFACE BY SPRING FLOW, OR IF IT IS DEEPLY BURIED, IT IS
SQUEEZED BACK INTO THE OCEANS. THE WATER THAT MOVES DEEP IN THE SUBSURFACE, PICKS UP
MINERALS AS TRAVELS DOWN TO THOUSANDS OF FEET AND BECOMES SALINE. WATER IS KNOWN TO EXIST
TO AT LEAST 30,000 FEET BELOW THE SURFACE IN SEDIMENTARY AQUIFERS. HOWEVER, AT ABOUT 18,000-
20,000 FEET WATER BEGINS TO BE SQUEEZED OUT BY THE OVERLYING SEDIMENTS. ABOVE THOSE DEPTHS
WATER IS SO INCOMPRESSIBLE THAT IT ACTUALLY HOLDS UP THOSE SEDIMENTS AND HOLDS A STEADY
PRESSURE GRADIENT OF 0.43 PSI PER FOOT OF DEPTH. BELOW ABOUT 18,000-20,000 THAT PRESSURE
GRADIENT BEGINS TO INCREASE APPROACHING 1.0 PSI PER FOOT. WATER IS A UNIVERSAL SOLVENT BEING A
BI-POLAR MOLECULE. WATER ALSO TRANSPORTS OIL AND GAS INTO STRUCTURAL AND STRATIGRAPHIC

TRAPS.

SUBSURFACE WATER FLOW SPEED IS OF GREAT INTEREST TO THE HYDROGEOLOGIST AND SHOULD BE OF
GREAT INTEREST TO THE POLICY MAKER. THE SPEED OF GROUNDWATER IS CRITICAL TO SUSTAINABILITY. IF
TOO MUCH WATER IS ALLOWED TO BE PRODUCED BECAUSE OF THE SLOWNESS OF RECHARGE, IT CAN
BECOME A NON-SUSTAINABLE RESOURCE. EVENTUALLY PEOPLE WILL JUST HAVE TO MOVE, IMPORT OR
DESALINIZE WATER IF SUSTAINABILITY IS IGNORED. UNDERSTANDING HYDROGEOLOGY WILL ALLOW
POLICY MAKERS AND POLITICAL LEADERS TO MAKE BETTER DECISIONS ON THE USE OR MISUSE OF

GROUNDWATER.

Yield Spectrum

Available Yield

| | |
1 | |

. Safe Yield Permissive No
Maximum Recharge =Discharge Sustained Yield Pumping

Mining ‘

Sustainable Yield

FIGURE 43: - THE YIELD SPECTRUM IS A DIAGRAM OF SUSTAINABILITY OR THE COMPLETE MINING OF

GROUNDWATER.



SUSTAINABILITY CAN BE VIEWED FROM THE SIMPLE STANDPOINT OF RECHARGE = DISCHARGE AS SHOWN
ABOVE IN FIGURE 43. ONE SUSTAINABILITY AXIOM MAY BE STATED AS FOLLOWS AND APPLICABLE TO

GROUNDWATER OR ANY OTHER NATURAL RESOURCE (PEAK EVERYTHING, RICHARD HEINBERG, 2008).
1. “ANY SOCIETY THAT CONTINUES TO USE CRITICAL RESOURCES, UNSUSTAINABLY, WILL COLLAPSE.”

THE FUTURE OF GROUNDWATER USAGE IN KERR COUNTY WILL NECESSITATE CONSERVATION MEASURES

SUCH AS:

e RAINWATER HARVESTING - MANDATED WITH TAX INCENTIVES

e \WATER AVAILABILITY STUDIES FOR EACH NEW PROPOSED SUBDIVISION

e MANAGED AVAILABLE GROUNDWATER PERMIT LIMITS (MAG’S)

e PIPELINES TO MOVE GROUNDWATER FROM THE NW PORTION OF THE COUNTY THE SE
PORTION OF THE COUNTY

e CONJUNCTIVE USE OF SURFACE WATER AND GROUNDWATER

e GROWTH LIMITS

FRESH GROUNDWATER AS DEFINED BY A TDS RANGE OF 0-1,000 PPM IS FIRST CAPTURED BY AN
UNCONFINED AQUIFER. THE EDWARDS GROUP IN KERR COUNTY IS AN EXAMPLE OF AN UNCONFINED
AQUIFER. RAIN SIMPLY FALLS UPON THE EDWARDS OUTCROP AND SEEPS INTO THE FRACTURES AND HOLES

WITH NO CONFINING UNITS ABOVE IT.



kol A = kN

Water (not ground waterl held by molecular attraction Grawel

surrounds surfaces of rock particles

All openings balow water table
full of ground watar

FIGURE 44: - EXAMPLE OF AN UNCONFINED AQUIFER WITH NO CONFINING UNIT (AQUITARD). THE
CREVICED ILLUSTRATION ON THE LEFT IS APPLICABLE TO THE EDWARDS, WHILE THE ILLUSTRATION ON THE

RIGHT WOULD BE APPLICABLE TO THE ALLUVIUM ALONG THE GUADALUPE WATERSHED.

THE THREE PARAMETERS THAT FORM THE BASIS FOR ESTIMATING AND CALCULATING HOW FAST THE
WATER MOVES AND HOW MUCH WATER MOVES AND FINALLY HOW MUCH WATER IS IN STORAGE IS

TABULATED BELOW.

PARAMETER DESCRIPTION

STORAGE COEFFICIENT A NUMBER WITHOUT UNITS REFLECTING THE AMOUNT OF WATER IN STORAGE
WITHIN AN AQUIFER AT ONE GIVEN TIME. IT DOES NOT REPRESENT A
SUSTAINABLE NUMBER OF RECHARGE = DISCHARGE.

HYDRAULIC CONDUCTIVITY A UNIT PRISM REFLECTING HOW FAST WATER IS MOVING THROUGH THAT
UNIT PRISM EXPRESSED AS FEET/DAY OR EQUIVALENTS

TRANSMISSIVITY HYDRAULIC CONDUCTIVITY TIMES THE THICKNESS OF THE AQUIFER
EXPRESSED AS FEET?/DAY OR EQUIVALENTS

TABLE 8: - DEPICTING THE THREE HYDROGEOLOGICAL PARAMETERS USED TO CALCULATE GROUNDWATER

MOVEMENT AND STORAGE.



Streamlines

Unit element representing

of aquifer laminar flow
i"‘j M-:— ,43? ? ‘:} - EI"’ 7
”YI \.n,jpn\ | ,_‘L »41%
“ - LS ////
== = CONFINING =€ S di=|m
= == = == e
¢ o © o ) ° = e of E
% . CONFINED . 2 o, °/‘ -
= « AQINEER @ A e /./
e o o o ¥ o o o 7, Width=Im
— - CONFINING ~~BED———=7
Height = Im
Unit prism of aquifer
FIGURE 45: -
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FIGURE 46: - ILLUSTRATION OF THE CONCEPT OF TRANSMISSIVITY.



STORAGE COEFFICIENT NOTES

INTRODUCTION

THERE IS A SMALL AND ELUSIVE NUMBER USED IN GROUND WATER STUDIES THAT ON THE SURFACE
APPEARS TO BE SO SMALL THAT IT BECOMES MEANINGLESS. IT IS A VERY IMPORTANT NUMBER BECAUSE IT
DESCRIBES THE WATER THAT IS IN STORAGE WITHIN AN AQUIFER AT ANY ONE INSTANT IN TIME. ANOTHER
DESCRIPTION THAT MIGHT BE APPLIED IS ““THE VOLUME OF WATER THAT AN AQUIFER RELEASES FROM OR
TAKES INTO STORAGE PER UNIT SURFACE AREA OF THE AQUIFER PER UNIT CHANGE IN HEAD”’. THE SIZE OF THE
STORAGE COEFFICIENT DEPENDS UPON WHETHER THE AQUIFER IS CONFINED OR UNCONFINED. IT CHANGES
BY AN ORDER OF MAGNITUDE. AN ORDER OF MAGNITUDE CHANGE RESULTS IN AN EXPONENTIAL INCREASE
OR DECREASE IN THE VOLUME OF WATER STORED. THE EQUATION GIVEN BELOW IS A VERY SIMPLIFIED

FORM (HEATH, R.C., USGS WATER SuPPLY PAPER 2220, BAsIC GROUND-WATER HYDROLOGY).

Storage, . = volume of water _m
e (unit area)(unit head change) m°

NOTE THE TERM “UNIT HEAD CHANGE”. THAT IS DERIVED FROM A PUMP TEST. THE “UNIT AREA” WILL BE A

THREE DIMENSIONAL AREA.

STORAGE COEFFICIENT IN CONFINED AQUIFERS RANGE BETWEEN 107 (0.00001) To 107 (0.001), WITH AN
AVERAGE OF 10 (0.0001). THE RANGE IN UNCONFINED AQUIFERS GENERALLY VARIES FROM 102 10 10™.
WHEN DEALING WITH UNCONFINED AQUIFERS THE TERM IS USED INTERCHANGEABLY WITH “SPECIFIC

YIELD”. THE TERMS ARE ALSO REFERRED TO AS “STORATIVITY”.

A MORE RIGOROUS EQUATION CONSIDERS ALL OF THE VARIABLES AND IS ALSO KNOWN AS “SPECIFIC
STORAGE”.



Storagespecific = pvvg (¢ + nﬂ)
S = compressibilty of water
¢ = compressibility of aquifer matrix | IT1SESSENTIALLY A SOPHISTICATED MEASUREMENT OF

g = acceleration of gravity POROSITY (N). IN OTHER WORDS, IT IS THE TOTAL VOLUME
p,, = density of water (100%) OF WATER THAT IS IN STORAGE WITHIN THE PORE
n = porosity

SPACE OF A UNIT VOLUME OF ROCK.
w = specific weight of water

b = aquifer thickness

GROUND WATER IS GOVERNED BY ANOTHER PARAMETER KNOWN AS “SPECIFIC RETENTION”. MOST OF
THE WATER IS NOT AVAILABLE FOR PRODUCTION. MUCH OF THE WATER IS TRAPPED WITHIN THE ROCK
MATRIX DUE TO CAPILLARY PRESSURE. THE PERCENTAGE OF WATER THAT CAN BE EXTRACTED FROM THE
100% GENERALLY FALLS WITHIN THE RANGE OF 5-35% DEPENDING UPON SIZE SORTING, CLAY AND SILT
CONTENT, PACKING, CEMENTATION, COMPACTION AND GRAIN SIZE. SMALLER SIZE SEDIMENT RETAINS A

HIGHER PERCENTAGE OF WATER THAN GRAVEL SIZE SEDIMENT.

REASONS TO USE STORAGE COEFFICIENT

DESPITE THE ELUSIVE AND COMPLEX NATURE OF STORAGE COEFFICIENTS, THEY ARE VERY USEFUL AND
NECESSARY WHEN CALCULATING WATER AVAILABILITY OF AN INDIVIDUAL AQUIFER OR SERIES OF
AQUIFERS. THE EQUATION THAT GOVERNS THE AVAILABILITY OF WATER FROM ANY GIVEN AQUIFER AT

ANY GIVEN INSTANT IS SHOWN BELOW.

Water,

available

=S« X aquifer thickness x % of water released x acres = acre feet x 325,851 = gallons

FOR EXAMPLE, A STORAGE COEFFICIENT OF 2.3 X 10™ DERIVED FROM A PUMP TEST COMBINED WITH AN
AQUIFER THICKNESS OF 20” AND A 25% RECOVERY FACTOR OVER 50-ACRES WILL YIELD:

Water

available

=2.3 x10x 20'x 0.25 x 50 = 0.0575acre feet x 325,851=18,736 gallons



LET’S CHANGE THE ORDER OF MAGNITUDE BY -1;

Water, ... = 2.3 x10°x 20'x 0.25 x 50 = 0.575acre feet x 325,851 =187,736 gallons

NOTE THE AMOUNT OF WATER AVAILABLE INCREASED BY 10 TIMES BY INCREASING THE ORDER OF

MAGNITUDE BY +1. IF THE ORDER OF MAGNITUDE WERE DECREASED BY -1, IT WOULD HAVE DECREASED
THE GALLONS TO 1,873 GALLONS.

2.3x10° 187,736 GALLONS
2.3x10™ 18,736 GALLONS
2.3x%x10° 1,873 GALLONS

WITH THIS EQUATION YOU CAN ESTIMATE THE DEMAND AND COMPARE THIS TO THE AMOUNT OF WATER
THAT IS AVAILABLE FROM ANY GIVEN AREA EXPRESSED IN ACRE FEET OR GALLONS. THESE NUMBERS CAN

BE USED IN WATER AVAILABILITY STUDIES, GROUND WATER MODELING AND REGULATORY PUMPING

LIMITS. THIS NOT AN ACADEMIC SMALL AND MEANINGLESS NUMBER; IT IS THE GOVERNING

NUMBER FOR WATER AVAILABILITY.

How 1S STORAGE COEFFICIENT DERIVED FROM A PUMP TEST?




STORAGE COEFFICIENT IS DERIVED FROM A PUMP TEST UTILIZING THE TIME-DRAWDOWN CURVE UTILIZING
THE FOLLOWING EQUATION AFTER THE TRANSMISSITIVITY IS OBTAINED. THERE ARE OTHER VARIATIONS
BASED UPON DIFFERENT METHODS BOTH FOR DRAWDOWN AND RECOVERY CURVES (KASENOW, M.,
INTRODUCTION TO AQUIFER ANALYSIS)

2.25T
Storage_ .« = oTt,

coeff 2
r

T =Transmissivity
t ,=Time
r = distnace to observation well

Vil
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FIGURE 47: - ILLUSTRATION OF GROUNDWATER MOVEMENT FROM THE OUTCROP INTO THE SUBSURFACE.

HYDROGEOLOGY OF THE EDWARDS UNCONFINED AQUIFER




FIGURE 48 IS A SURFACE OUTCROP MAP OF THE EDWARDS UNCONFINED AQUIFER IN KERR COUNTY
DEPICTED IN TWO SHADES OF BLUE. THE WHITE AREA REPRESENTS THE UPPER GLEN MARL AQUITARD OR
CONFINING UNIT THAT UNDERLIES THE EDWARDS. THE EDGES OF THE EDWARDS OUTCROP ALLOW THE

WATER TO DRAIN OUT OF THE UNCONFINED UNIT AS SPRING FLOW. THIS IS AN EXAMPLE OF A SURFACE

GEOLOGIC MAP CREATED WITH ARCGIS SOFTWARE.

Edwards Water Level Map
TDLR Data > 2001

Geologist: W.F. Wilson, PG # 21

1:100,000

FIGURE 48: - EDWARDS GROUP SURFACE GEOLOGY MAP



THE AMOUNT OF WATER STORED IN THE EDWARDS IS APPROXIMATELY 530,000 ACRE FEET AT ANY ONE
GIVEN TIME. THE DERIVATION OF THIS NUMBER IS FAR MORE DIFFICULT TO ASCERTAIN DUE TO THE KARST
NATURE OF THE AQUIFER. WE KNOW THAT GROUNDWATER IS MOVING INTO KERR COUNTY FROM REAL,
BANDERA, EDWARDS, GILLESPIE AND KIMBLE COUNTIES. WE KNOW THAT WATER IS MOVING OUT OF THE
EDWARDS AT AN AVERAGE RATE OF 216 ACRE FEET PER DAY. THE WATER MOVING OUT OF THE EDWARDS
IS EXITING THROUGH SPRING FLOW ABOUT 60’ ABOVE THE BASE OF THE EDWARDS. THAT IS NOT ALWAYS
THE CASE FOR EVERY SPRING, BUT IT IS A GOOD APPROXIMATION. THE EDWARDS COVERS ABOUT THREE-
FOURTHS OF THE COUNTY OR APPROXIMATELY 530,000 ACRES. WE ASSUME THE WATER TABLE
SATURATES ABOUT 10% OF THE EDWARDS AQUIFER. THIS FIGURE IS COMPLICATED BY THE FACT THAT ALL
OF THE WATER IS TRAPPED IN FRACTURES AND CAVES IN DEFERENCE TO THE MATRIX OF THE LIMESTONE.
THUS, THE TRAPPED WATER IS CONSIDERABLY LESS THAN 10%. IT IS VIRTUALLY IMPOSSIBLE TO
CALCULATE THE VOLUME OF THESE KARSTED PORES UNLIKE A SAND OR SANDSTONE. THUS, AN ESTIMATE

MUST BE MADE.

SINCE WATER WELLS COMPLETED IN THE EDWARDS SELDOM EXHIBIT ANY APPRECIABLE DRAWDOWN AND
THE AVERAGE ANNUAL DISCHARGE FROM WELLS AND SPRINGS EQUATES TO APPROXIMATELY 83,700 ACRE
FEET, A FIGURE ABOUT FIVE TIMES THIS NUMBER IS CHOSEN FOR THE WATER IN STORAGE. THIS NUMBER
AMOUNTS TO ABOUT 530,000 ACRE FEET AT ANY ONE GIVEN TIME. THIS APPROXIMATION IS CONSIDERED A
VERY CONSERVATIVE FIGURE AND THE EDWARDS MAY STORE CONSIDERABLE MORE WATER. THE STORAGE
OF WATER ON THE EDWARDS PLATEAU CANNOT BE COMPARED WITH THE EDWARDS ALONG THE
BALCONES FAULT ZONE, WHERE LITERALLY CAVES OF WATER EXIST AND WELL YIELDS OF 1,500 — 3,000

GPM ARE COMMON. THE EDWARDS CONTAINS MORE WATER THAN ANY OTHER AQUIFER IN KERR COUNTY.

THE WELL YIELDS WITHIN THE EDWARDS PLATEAU SELDOM EXCEED 25 GPM AND MOST YIELD WITHIN A
RANGE OF 2-5 GPM. THE UNCONFINED EDWARDS RANGE IN THICKNESS FROM 0-645 FEET AND AVERAGES

ABOUT 250 FEET THICK.

THE CITY OF KERRVILLE RECOVERED ABOUT 3,000 ACRE FEET OF WATER FROM THE GUADALUPE RIVER IN
2007. THE CITY HAS ABOUT 5,852 ACRE FEET OF WATER RIGHTS. THE UGRA HAS ABOUT 2,000 ACRE FEET
OF UNUSED WATER RIGHTS. ALMOST ALL OF THESE WATER RIGHTS ARE CONSIDERED “JUNIOR” WATER
RIGHTS COMPARED TO OTHERS. DURING A DROUGHT THE JUNIOR WATER RIGHTS WILL BE CURTAILED

SOONER THAN SENIOR WATER RIGHTS.



THE ONLY OTHER UNCONFINED AQUIFER IN THE COUNTY IS ATTRIBUTED TO THE ALLUVIUM ALONG THE

STREAMS OF THE GUADALUPE WATERSHED.

" Edwards Water Level Map
TDLR Data > 2001

Geologist: W.F. Wilson, PG # 21

1:100,000

FIGURE 49: - EDWARDS GROUP WATER LEVEL MAP.

CONFINED AQUIFERS

ALL OF THE REMAINING AQUIFERS IN KERR COUNTY ARE CONFINED BY THE 250 FOOT UPPER GLEN ROSE
BLANKET OF MARL. RECALL THE TERM “MARL” REFERS TO CLAY THAT CONTAINS ABOUT 50% CALCIUM

CARBONATE.
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FIGURE 50: - EXAMPLE OF CONFINED AND UNCONFINED AQUIFERS. NOTE THE CLAY LAYER ACTS AS THE

CONFINING UNIT OR AQUITARD. THE WELL ON THE LEFT IS COMPLETED IN THE UNCONFINED AQUIFER
ABOVE THE CLAY.

HYDROGEOLOGY OF THE HENSEL CONFINED AQUIFER

THE CONFINED HENSEL SAND AQUIFER COVERS THE ENTIRE COUNTY. IT IS THE MAIN PRODUCING HORIZON
FOR DOMESTIC WELLS FOLLOWED BY THE EDWARDS AQUIFER. FAR MORE WATER IS PRODUCED FROM THE
HENSEL THAN ANY OTHER UNIT.

AVERAGE YIELDS FOR DOMESTIC WELLS ARE ABOUT 15-25 GPM. THERE ARE PUBLIC WATER WELLS THAT
PRODUCE IN EXCESS OF 150 GPM IN THE SOUTHEAST PORTION OF THE COUNTY. VERY LARGE YIELD WELLS
COULD THEORETICALLY BE DRILLED AND PRODUCED IN THE NORTHWEST PORTION OF THE COUNTY
EXCEEDING 1,000 GPM. THE NORTHWEST QUADRANT OF THE COUNTY REMAINS THE BEST AREA FOR
HENSEL PRODUCTION. THUS FAR, THIS AREA HAS NOT BEEN DRILLED OR EXPLORED TO ANY APPRECIABLE
DEGREE, DESPITE ITS POTENTIAL.



Hensel Water Level Map

% TDLR Data > 2001
W E

S Geologist: W.F. Wilson, PG # 21

1:100,000

FIGURE 51: - HENSEL WATER LEVEL MAP BASED UPON THE TDLR DATABASE. NOTE THE GRADIENT IS
ROUGHLY NW 10O SE. GROUNDWATER IS MOVING FROM KIMBLE AND GILLESPIE COUNTY INTO KERR
COUNTY BENEATH THE LOWER GLEN ROSE MARLS.

THE HENSEL AQUIFER HAS AN AVERAGE THICKNESS OF APPROXIMATELY 225 FEET AND COVERS 708,902
ACRES IN KERR COUNTY. THE FOLLOWING CALCULATION DEPICTS THE AMOUNT OF WATER IN STORAGE AT

ANY ONE GIVEN MOMENT IN TIME.



225.44'x 5E —4S_ x 708,902 acres x 0.15% rec =11,986 ac ft

THIS FIGURE DOES NOT REPRESENT RECHARGE. IT IS THE ESTIMATE OF WATER IN STORAGE WITHIN THE
AQUIFER IF YOU COULD PUMP IT DRY IN ONE DAY. THE AMOUNT OF RECHARGE INTO THE HENSEL IS A

MUCH LOWER NUMBER, WHICH WILL BE DISCUSSED SUBSEQUENTLY.

THE FOLLOWING TABLE DEPICTS THE 2008 STORAGE, RECHARGE AND DISCHARGE FOR EACH AQUIFER IN
KERR COUNTY. AS THE POPULATION INCREASES LESS PROPORTIONATE WATER WILL BE AVAILABLE FROM
THE GUADALUPE RIVER DUE TO THE LIMITATION OF WATER RIGHTS CONTROLLED BY THE CITY OF
KERRVILLE. CONJUNCTIVE USE OF RIVER WATER AND SUBSURFACE WATER WILL NOT RISE
PROPORTIONATELY, THEREBY PLACING MORE PRESSURE ON THE AQUIFERS. IF THE PRESENT POPULATION
RISES TO 100,000 PEOPLE, THE DEMAND WILL RISE TO APPROXIMATELY 16,802 ACRE FEET, LESS
APPROXIMATELY 5,000 ACRE FEET FROM THE RIVER EQUALING ABOUT 11, 802 ACRE FEET FROM THE
AQUIFERS TABULATED BELOW. IT IS EVIDENT THAT THE 2008 DIFFERENCE BETWEEN RECHARGE AND
DISCHARGE IS ALMOST BALANCED DIFFERING BY 1,381 ACRE FEET. AN INCREASE IN POPULATION TO
60,000 PEOPLE WOULD OVERCOME THAT BALANCE. THE POPULATION OF KERR COUNTY IS EXPECTED TO
REACH THAT NUMBER WITHIN THE NEXT 10-YEARS.

NUMBERS ASSOCIATED WITH THE FOLLOWING TABLE ARE DEFINITELY SUBJECT TO CHANGE. THAT IS
ESPECIALLY TRUE FOR THE LOWER GLEN RoSE, Cow CREEK AND SLIGO-HOSSTON AQUIFERS. BETTER

ESTIMATES EXIST FOR THE EDWARDS AND HENSEL AQUIFERS DUE TO A MUCH HIGHER LEVEL OF DATA.

CARE SHOULD BE TAKEN TO REVIEW THE EDWARDS NUMBERS. SPRING FLOW REPRESENTS
APPROXIMATELY 90% OF THE ESTIMATED ANNUAL DISCHARGE. IT IS DOUBTFUL THAT NO MORE THAN 10%
OF THAT FLOW WILL BE ALLOWED TO RECOVER AS CONJUNCTIVE USE. THE WATER RIGHTS OF THE
GUADALUPE WATERSHED ARE OVER-SUBSCRIBED AND DURING A DROUGHT, CONJUNCTIVE USE WILL BE

INCREMENTALLY CUT BACK.
530,000 83,700 83,700 (SPRING FLOW
& WELLS)
11,986 8,708 4,133 (~1/2 oF KERR
COUNTY’S
POPULATION UTILIZES




RIVER WATER FROM
THE EDWARDS)
LOWER GLEN 266 50 6

ROSE

Cow CREEK 250 40 28

SLIGO- 1,500 750 4,000
HOSSTON
TOTALS 543,752 93,248 91,867

TABLE 9: - DEPICTING THE KERR COUNTY AQUIFER RECHARGE, DISCHARGE AND STORAGE ESTIMATES.

LOWER GLEN ROSE HYDROGEOLOGY

THE LOWER GLEN ROSE AQUIFER IS LIMITED TO THE SOUTHERN QUARTER OF THE COUNTY. ITISA
MASSIVE CARBONATE LITHOLOGIC UNIT WITH LIMITED HYDRAULIC CONDUCTIVITY AND LIMITED
PRODUCTION. PART OF THE REASON FOR LIMITED PRODUCTION IS THE POOR QUALITY OF THE WATER. A
SMALL NUMBER OF SHALLOW WELLS HAVE BEEN COMPLETED IN THE LOWER GLEN ROSE IN THE CENTER
POINT AND COMFORT AREAS OF KERR COUNTY. IT IS CONSIDERED A MINOR AQUIFER IN THE COUNTY

COMPARED TO THE EDWARDS AND HENSEL.

Lower Glen Rose

10 Distribution

FIGURE 52: - LOWER GLEN ROSE DISTRIBUTION IN KERR COUNTY.

Cow CREEK HYDROGEOLOGY




THE Cow CREEK LIMESTONE IS A VERY THIN AQUIFER AND IS SPREAD ACROSS THE SOUTHERN QUARTER OF
KERR COUNTY SIMILAR TO THE LOWER GLEN ROSE. THE POROUS SECTION OF THE Cow CREEK IS
GENERALLY LESS THAN 20 FEET THICK. IN SOME AREAS IT IS INDISTINGUISHABLE FROM THE HENSEL
SANDS. THE ONLY DIVISION BETWEEN THE HENSEL AND THE COW CREEK IS A THIN MARL UNIT KNOWN AS
THE BEXAR SHALE. REFERENCE IS MADE TO TABLE 9 FOR COw CREEK STORAGE, RECHARGE AND

DISCHARGE ESTIMATES.

SLIGO-HOSSTON HYDROGEOLOGY

THE SLIGO AND HOSSTON ARE FACIES OF EACH OTHER. THE SLIGO IS VERY LIMITED IN DISTRIBUTION AND
IS SIMPLY LUMPED INTO THE HOSSTON AS ONE AQUIFER. THE HOSSTON HAS HISTORICALLY BEEN THE
PRIMARY COMPLETION TARGET FOR THE CITIES OF KERRVILLE AND INGRAM AND ADJACENT AREAS. THE
HOSSTON IS A FINING UPWARD SEQUENCE OF GRAVEL, SAND AND SILT. MOST OF THE WATER IS STORED
NEAR THE BASE OF THE UNIT IN THE GRAVELIFEROUS SANDS. THE TOP ONE-THIRD OF THE HOSSTON IS
GENERALLY A FINE SILT. CERTAIN AREAS OF THE HOSSTON HAVE PROVEN TO BE TIGHTLY CEMENTED
EXHIBITING LOWER THAN NORMAL HYDRAULIC CONDUCTIVITY. THESE AREAS HAVE WITNESSED REGIONAL
DRAWDOWNS DUE TO LOW RECHARGE AND HEAVY PUMPING. THE HOSSTON IS DEFINED AS THE CLASTIC
UNIT THAT UNDERLIES THE HAMMETT CLAY. THE HAMMETT CLAY PINCHES OUT ACROSS THE COUNTY AS
SHOWN ON SEVERAL MAPS IN THIS REPORT. NORTH OF THAT LINE THE HOSSTON BECOMES A FACIES OF THE

HENSEL.
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FIGURE 53: - ILLUSTRATION OF THE HOSSTON WATER LEVEL MAP BASED UPON THE TDLR DATABASE.
NOTE THE LACK OF DATA TO THE SOUTHWEST AND EAST. ADDITIONAL MONITORING WELLS HAVE BEEN
RECOMMENDED IN THESE AREAS.

GROUNDWATER AVAILABILITY MODELING (GAM)

A GROUNDWATER AVAILABILITY MODEL (GAM) HAS BEEN CONSTRUCTED FOR KERR COUNTY BY THE
AUTHOR. THE MODEL INCORPORATES 10-LAYERS WITHIN A SQUARE MILE GRID COVERING 708,360 ACRES.
THE MODEL UTILIZED HAND DRAWN INTERPRETIVE MAPS OF EACH AQUIFER AND AQUITARD. THE MODEL

DID CONVERGE WITH SEVERAL DRY CELLS.

A GAM IS ONLY AS GOOD AS THE DATA. DATA IS STILL BEING DEVELOPED FOR KERR COUNTY AS MORE
RESEARCH WELLS ARE DRILLED AND LOGGED ALONG WITH AN AGGRESSIVE PROGRAM TO ENCOURAGE
BETTER DRILLER’S LOG INFORMATION. IN ADDITION ADDITIONAL MONITORING WELLS HAVE ADDED TO THE

PROGRAM OVER THE LAST FEW YEARS.



GEOLOGY IS NOT A SCIENCE THAT CAN BE CONVENIENTLY SET ON A LABORATORY TABLE AND TESTED.
GEOLOGY REQUIRES WIDESPREAD USE OF WELL AND OUTCROP DATA COUPLED TO GEOPHYSICS. GEOLOGY
IS A LONG TERM TEST, VERIFY AND OBSERVE ENDEAVOR. KERR COUNTY IS STILL IN THE DATA GATHERING
STAGE. HGCD IS A LONG WAY AHEAD OF OTHER TEXAS HILL COUNTRIES IN SOPHISTICATED AND
SCIENTIFIC GATHERING OF DATA DUE MAINLY TO THE RESEARCH DRILLING PROGRAM AS EVIDENCED BY

THIS REPORT.

THE KERR COUNTY GAM IS AN ONGOING PROJECT AND AS NEW DATA BECOMES AVAILABLE THE MODEL

WILL BE UPDATED AND MAINTAINED.
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FIGURE 54: - AN ILLUSTRATION OF A SINGLE COLUMN IN A PORTION OF THE KERR COUNTY GAM.



i Visual MODFLOW - [ C:\Documents and Settings\FEATHER\My Documents\Kerr\Kerr4. 1\GAM.vmf ] : Mo Transport g@g

File Grid ‘Wells  Properties Boundaries Particles ZBud  Tools

Help

Wiew Lawver

Previous
Goko
Mext

Inactive Cells  »

Edit Extents

Smoothing b

Import Elevation

| Assian Flevation

&

e

T ,r.“-,-.J" {’ /-"

Ep
2

¢

w02

Yool

Z: 1578.2

Raow (I 29
Colurmn {J3: 13
Laver (k) 1

A

Grid edit module

FIGURE 55: - ILLUSTRATION OF CONTOUR THICKNESS MAP OF THE KERR COUNTY GAM.




VII CROSS-SECTIONS

A SERIES OF CROSS-SECTIONS HAVE BEEN CONSTRUCTED ACROSS KERR COUNTY FROM CAREFULLY
CONTROLLED LITHOLOGIC AND GEOPHYSICAL LOGS. ADDITIONAL CROSS-SECTIONS AND REVISIONS WILL
BE FORTHCOMING AS NEW WELL DATA IS ACCUMULATED. THE FOLLOWING FIGURES ILLUSTRATE THE

CRITICAL CROSS-SECTION DATA FOR KERR COUNTY.
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FIGURE 56: - REGIONAL CARTOON CROSS-SECTION DEPICTING THE REGIONAL AQUIFER CHARACTERISTICS
OF THE CRETACEOUS SYSTEM AND THE UNDERLYING PALEOZOIC STRUCTURAL COMPLEXITIES RUNNING
FROM THE LLANO UPLIFT SOUTHWARD TO THE VICINITY OF THE CITY OF BANDERA IN BANDERA COUNTY.
THE STRUCTURAL FAULTS THAT UNDERLIE THE CRETACEOUS SYSTEM RANGE IN THROW FROM HUNDREDS

OF FEET TO THOUSANDS OF FEET.
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FIGURE 58: - CROSS-SECTION FROM THE EASTERN COUNTY LINE WEST TO THE WESTERN BOUNDARY OF
KERR COUNTY.
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FIGURE 60: - CROSS-SECTION ALONG THE WESTERN BOUNDARY OF KERR COUNTY.
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11 SUMMARY & CONCLUSIONS

NUMEROUS MAPS, CROSS-SECTIONS AND LOGS HAVE BEEN PREPARED IN THE COURSE OF THIS
INVESTIGATION BUT ARE NOT INCLUDED IN THIS REPORT. MOST OF THESE INTERPRETATIONS ARE
AVAILABLE AT THE HGCD OFFICE. THIS REPORT IS STRUCTURED TO BE THE BASIS FOR FUTURE UPDATES
AS MORE DATA BECOMES AVAILABLE. IT IS PRIMARILY A SUMMARY OF THE ONGOING GEOLOGIC EFFORT
BEING PUT FORTH TO UNRAVEL THE GEOLOGICAL DETAIL OF GROUNDWATER THAT IS MOVING THROUGH

KERR COUNTY.

THE REPORT IS RICHLY ILLUSTRATED WITH MAPS, TABLES, EXPLANATORY DRAWINGS AND CROSS-
SECTIONS. THE REPORT IS A SUMMATION OF THE GEOLOGIC KNOWLEDGE THAT HAS BEEN GATHERED AND
INTERPRETED OVER A FOUR-YEAR PERIOD. THE DATA AND SUBSEQUENT INTERPRETATIONS ARE BY NO

MEANS SET IN STONE. AS MORE DATA IS RECEIVED BETTER INTERPRETATIONS WILL FOLLOW.

THE CITY OF KERRVILLE HAS PRACTICED CONSERVATION OF GROUNDWATER THROUGH CONJUNCTIVE USE
OF THE GUADALUPE RIVER AND SUBSEQUENTLY THE SPRING FLOW FROM THE EDWARDS AQUIFER. THE
5,852 ACRE FEET OF WATER RIGHTS, THE CITY HAS AT ITS DISPOSAL, WILL NOT PROPORTIONATELY
INCREASE WITH INCREASING POPULATION AND DEMAND. MORE AND MORE GROUNDWATER WILL HAVE TO

BE PRODUCED IN THE FUTURE TO KEEP UP WITH DEMAND.
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GROUND WATER AGE
&
PROVENANCE ISOTOPES

GROUND WATER AGES RANGE FROM 0 TO MILLIONS OF YEARS. THE AGES OF INTEREST FOR
FRESH WATER GENERALLY RANGE FROM 0 TO ABOUT 30,000 YEARS. AN AGE

CLASSIFICATION HAS BEEN DEVISED PRIMARILY BASED UPON THE ISOTOPES AND MOLECULES

THEMSELVES.

YOUNG GROUND WATER ISOTOPES (0 —60 YEARS)

HYDROGEN-3 (TRITIUM)
HYDROGEN-3/HELIUM-3
KRYPTON-85

CFC’s — CHLOROFLUOROCARBONS

g A~ W N -

SF-6 — SULFUR HEXAFLUORIDE

OLD GROUND WATER ISOTOPES (60 — 50,000 YEARS)

1 SiLica-32
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2
3

4

ARGON — 39
CARBON - 14

HYDROGEN — 2/OXYGEN — 18 (INDIRECT METHOD)

VERY OLD GROUND WATER ISOTOPES (50,000 — 100,000 YEARS

1
2
3
4

5

HELIUM -4
CHLORINE — 36
ARGON —40
KRYPTON —81

IODINE — 129

IN ADDITION, PROVENANCE “FINGERPRINTS”” CAN BE DISCERNED FROM VARIOUS MOLECULE

AND ELEMENTAL NATURAL COMBINATIONS. EACH COMBINATION CAN BE PLOTTED ON

VARIOUS TYPES OF DIAGRAMS TO COMPARE ONE WATER SAMPLE TO ANOTHER.

CROSS-SECTIONS AND MAPS CAN BE CONSTRUCTED DEPICTING AGE AND PROVENANCE

GRADIENTS ACROSS REGIONAL AREAS TO CALCULATE THE RATE OF WATER MOVEMENT AND

RECHARGE.
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Paleodepositional Facies, Lower Cretaceous Cow Creek Member,
Texas Hill Country

Wilson, William Feathergail

Strata Geological Services, Inc., Consulting Geologist, 13505 FM 462 Bandera, Texas 78003-4226

Abstract

This study addresses the fresh water aquifer characteristics of the Cow Creek Member of the Pearsall
Formation within the Texas Hill Couniry focusing on the paleodepositional elements of the unit. The varied
facies of the Cow Creek Member are described and mapped based upon the examination of samples from
recently drilled water wells across the study area. This study represents the first of several ongoing mapping
programs to define the various aquifer units within the Cretaceous System across the Texas Hill Country. Pale-
odepositional environments have been found to be closely associated with the aquifer characteristics and well
yields. The underlying, deeply buried, structural elements are believed to have controlled the subtle facies
changes found in the Cow Creek Member and subsequently controlled the water yields found today.

Introduction

The Lower Cretaceous Cow Creek Member of the Pearsall Formation (Forgotson, 1957) is a commonly drilled
aquifer in the Texas Hill Country. The author is mapping and defining the aquifer characteristics of each Lower Cre-
taceous aquifer within the counties of Bandera, Bexar, Blanco, Comal, Gillespie, Kendall, Kerr and Medina Counties
in the Texas Hill Country. This study addresses the paleodepositional and aquifer elements of the Cow Creek. Other
aquifers under study include the Edwards Formation, Glen Rose Formation, Hensel Member, Sligo Formation and the
Hosston Formation of the Lower Cretaceous System (Fig. 1).

—~

A Shell No. 1 Anderson A

0 —
Cretaceous _\'m‘——

Cretaceous

=
£
= 10,000 QOuachita Foldbelt
= Miss-Penn
20,000 | ¢ 16 miles >~ >

Figure 1. Cross-section A-A' depicting Cretaceous thinning over a large fault system near Bergheim, Texas,
Kendall and Comal Counties.
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The author has examined sample cuttings from recently drilled water wells with a stereoscopic microscope.
Thin sections were prepared on selected samples and examined with a petrographic microscope. This investigation
involves a working relationship with landowners and drillers over a number of years. The maps, cross-sections and
interpretations should be viewed as “work in progress.” New data points are added each year, as new information
becomes available.

Paleodepositional characteristics were chosen that best define the associated aquifer characteristics. Primary
and secondary porosities were found to mainly correlate with original high and low energy areas of deposition with
some exceptions. Experienced water well drillers in local areas frequently describe the geology as “low vield” or
“high yield” areas of water availability, which correspond to low and high energy paleodepositional facies. For exam-
ple, drillers who work around the Bergheim area of Kendall County know that the Cow Creek may yield water at rates
that rarely exceed 2-5 gallons per minute on 1.5 HP household pumps. Conversely, drillers who work in the Pipe
Creek area of Bandera County expect yields in the 25-50 gallon per minute range from the same pumps at the same
depth ranges. The author has found that differences in water well yields generally relate to the energy levels of the
original depositional environments, whether primary or secondary porosities are dominant.

The Cow Creek Member of the Pearsall Formation is not a simple model of high and low energy carbonates. It
is a record of very complex and varied depositional settings with very limited outcrops. It is perhaps the most impor-
tant domestic water bearing unit in the Texas Hill Country, but it is seldom exposed. It is uncommon for drillers to
take samples at intervals less than the length of the drill stem, which is twenty feet. A few wells that are drilled for
water availability studies are electrically logged. There is no substitute for sample examination as the well is being
drilled. It is difficult, if not impossible, to correlate carbonate palecenvironments of deposition from the electrical
logs emploved by the water well industry. Electrical log data is correlated with the sample data whenever possible.
The author employed R.L. Folk’s (1959) carbonate classification scheme throughout the study.

Previous outcrop and subsurface stratigraphic and lithologic studies include Amsbury (1966), Loucks (1977)
and Lozo and Stricklin (1956), Wilson (2001) and others. This literature is important, but is not the focus of this paper.

Cow Creek Stratigraphy and Paleodepositional Facies

The Cow Creek Member of the Pearsall Formation consists of lithologies that include high and low energy car-
bonates, coal, unconsolidated quartz and carbonate sands (Fig. 2). In some places it is entirely represented by a quartz
sand facies and in other places it is represented entirely by an unconsolidated carbonate sand facies. Isolated evapor-
ites have also been observed within the Cow Creek, including anhydrite, gypsum and salt. However, it is mainly a
carbonate unit commonly associated with thin sub-bituminous coal beds. It is primarily a shallow-water or possibly
an inter-tidal complex carbonate unit.

The Cow Creek Member is sharply overlain by a relatively thin, silty, oyster-bearing clay unit known as the
Bexar Shale (Table 1; Fig. 3). It is underlain by the very sticky oyster-bearing clayey unit known as either the Ham-
mett Shale or Pine Island Shale. The Cow Creek 1s transitional with the underlying Hammett or Pine Island. The
transitional zone (Fig. 3) consists of a clay-bearing silty microdolomite near the top, gradually grading into pure car-
bonaceous clay near the bottom. The clay unit is usually referred to as the Hammett in the northern portion of the
study area and the Pine Island in the southern portion of the study area. The difference in the stratigraphic nomencla-
ture 1s attributed to the academic arena versus the nomenclature employed by the petroleum industry. Another piece
of inconsistent stratigraphic nomenclature that can be attributed to the water well industry is the use of the term
“Trinity.” The Cow Creek member of the Pearsall Formation is placed in the Middle Trinity Division in the water well
industry. The term “Middle Trinity™ is used to describe the aquifers within the Lower Glen Rose Member of the Glen
Rose Formation as well as the Pearsall Formation. The “Trinity Division™ was first defined by R. T. Hill (1889, 1901).
The multiple aquifers within this Middle Trinity are often lumped together as one aquifer by regulators, which is not
the physical case. This is not the only problem with stratigraphic nomenclature within the Lower Cretaceous System
of the Texas Hill Country, but it is representative of some of the inconsistencies and confusion.

The author believes the Hensel Sand is a unit that is genetically related to the Pearsall Formation. It is transi-
tional with the underlying Bexar Shale Member and i1s commonly in sharp contact with the overlying Glen Rose
Formation. This interpretation is subject to additional scientific inquiry. The basal Cretaceous sands, conglomerates
and sandstones begin to merge near the Llano Uplift and may be locally equivalent to the Lower Glen Rose, Hensel,
Bexar and Cow Creek. Farther away from the Llano Uplift the basal sands, sandstones and conglomerates differenti-
ate into distinet stratigraphic units, where they are separated by mapped carbonates and clastics.
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Figure 2. Paleodepositional map of the Cow Creek Member, Pearsall Formation.
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Table 1. Stratigraphy of the Cow Creek Limestone

System Age Formation Member
Hensel Sand
Bexar Shale
Lower Cretaceous Aptian Pearsall

Cow Creek Limestone

Hammett-Pine Island Shale

&
B LA A AT L R R L R L Rl B‘
Hensel Member
(sand & silt)
Cow Creek Member
High Energy Carbonates
=
2
(pelsparite, oosparite, dolomite) Low energy carbonates I
(micrite) E
e e | O
Transitional Zone L=r2
— — — — — — — — — — — — — E
@
[«
Hammett - Pine Island Member
(shale)

Figure 3. Cross-section B-B' depicting stratigraphic thinning into a starved low energy facies of the Cow Creek
Member of the Pearsall Formation near Boerne, Texas, Kendall County (not drawn to scale).

&

The top of the Cow Creek is often highly indurated and is drilled very slowly for the first few feet. A very sharp
contact 1s present between the Cow Creek and the Bexar Shale Member. This may correspond to a bored disconform-
able indurated surface across much of the Texas Hill Country.

The high energy Cow Creek [acies is typically a loosely cemented pelsparite, oosparite, biosparite and intras-
parite. In some places, this high energy facies is partially dolomitized with micro-crystalline dolomite; however in
most areas, it 1s a white clean well washed or winnowed well rounded coarse carbonate sand composed of intraclasts,
oolites, pellets and shell fragments that are partially cemented with calspar (see Fig. 4). This usually grades down-
ward into microdolomite that may have originally been a biomicrite or primary dolomite. Below the indurated zone
thin sub-bituminous coal beds are commonly found, which may have been low-lying mangrove type lagoonal islands,
as potential equivalents of inter tidal, transgressive, prograding high energy carbonate sands. The coal beds are also
found associated with low-energy carbonate facies at the same approximate stratigraphic position. Isolated evaporites
are also found in this stratigraphic position suggesting the presence of local prograding barriers.
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Figure 4. Photomicrograph of a typical sample of Cow Creek high energy carbonate sand facies.
&

The low energy carbonate environments are characterized by white-flour-colored micrites and biomicrites,
which are seldom associated with dolomite. Sub-bituminous coal is more commonly associated with this Cow Creek
facies. These low energy carbonates are often thinner than the high energy facies (20-30 feet) suggesting a deeper
water environment or series of miniature lagoonal sub-basins bounded by barrier islands.

Two notable departures from these predominant low and high energy carbonate facies are noted in Bandera
County as unconsolidated sand facies deposited in channels. These two channels are oriented approximately north-
south as shown on the paleodepositional map (Fig. 2). One of these channels 1s located in southeastern Bandera
County and one is located near Tarpley in south central Bandera County. The sand channel in southeastern Bandera
County is medium to coarse grained quartz sand, while the channel near Tarpley is associated with coarse-grained
uncemented carbonate rock fragment sand with subordinate amounts of quartz. It is not known whether or not these
sand channel facies are the age equivalents to the Cow Creek or younger sediments filling incised channels that are
cut into the underlying units. In southeastern Bandera County the sand channel extends into the underlying Sligo and
Hosston couplet. In the Tarpley area the channel is cut into the Hammett. In either case the typical Cow Creek facies
1s not present within narrow channels.

A distinet siliciclastic facies is present as the Llano Uplift is approached in northern Kerr County. This facies is
composed of quartz silt and sand with some metamorphic rock fragments. Farther to the north, the entire Cow Creek
merges into a sand unit surrounding the Llano Uplift and is variously known as the Hensel, Sycamore or Travis Peak For-
mation. Immediately south and bounding this facies is a mixed carbonate and clastic facies mapped as the Cow Creek.

Each black dot on the paleodepositional map may represent one well, a set of wells, or an outcrop (Fig. 2).
Water availability studies require two twin wells to be drilled one-hundred feet apart on each one-hundred acres.
Transducers are lowered into both wells to record drawdowns f{or twenty-four-hour periods of pumping. The resulting
data is then used to calculate hydraulic conductivity, transmissivity and storativity. Thus, one dot in Figure 2 may rep-
resent a set of wells drilled at very close spacing in certain counties. Other wells and outcrops are single points of
data. The author has observed rapid facies changes over distances of hundreds of feet in some areas.
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Structure and Paleodepositional Facies

Facies changes within the Cow Creek are believed to be controlled at least in part by underlying structural ele-
ments. These structural elements are associated with several salient mega-features.

The Llano Uplift acted as a giant buttress to the advancing Ouachita Mountain Front during the Pennsylvanian
and early Period Permian Periods. Deltas and turbidites were rapidly shedding clastics toward the Llano Buttress and
forming a narrow trough that connected the Fort Worth and Kerr Basins. As the Ouachita Front advanced toward the
[.lano Buttress, the sediment load began to compress the Pre-Cambrian and thin Paleozoic section. The compression
of the Ouachita Foldbelt (Flawn, 1961), combined with the deepening and advancing frontal basin, set up a series of
very large faults downthrown to the southeast, east and northeast forming an arc around the Llano Buttress. The
throws on these faults ranged [rom 10,000 to 18,000 feet based upon unpublished proprietary seismic data from vari-
ous oil companies and subsequent drilling. This arc of faulting began to bifurcate near northwestern Burnet County
with one extension trending northwest into Mills County and the other trending towards McLennan County. The
thrust belt overstepped the fault zone in most areas near the Llano Uplift. In an area near Bergheim in Kendall
County, a window of Mississippian-Pennsylvanian undeformed section was left open between the thrust belt and the
underlying basin. All of this complex structure was eroded into low rolling hills during the Permian, Triassic and
Jurassic Periods. The Lower Cretaceous seas then advanced over the unconformable surface.

The buried structural elements then influenced the sedimentation of the Lower Cretaceous sediments and
lagoonal sub-basins. The downthrown block along a fault with a 17,000 throw was drilled by Shell Oil Company in
1968-69 near the Bergheim area of Comal County. The wildcat was drilled to a deeply buried Ellenburger anticline
that was crushed against the downthrown wall of the fault by the advancing Ouachita front (Fig. 1). The Shell No. 1
Anderson was drilled to a total depth of 17,964 feet. The well penetrated the Cretaceous Hosston Formation and con-
tinued through the underlying unconformity at 530 feet. The fault was believed to be cut at 670 feet, where it drilled
into Pennsylvanian shale (Fig. 1).

Flawn (1961) described the samples from the Roland Blumberg No. 1 D.C. Knibbe a few miles northeast of
the No. 1 Anderson (Fig. 2). and concluded that the Knibbe well drilled out of the Hosston into the Ouachita Foldbelt.

The fault plain is intruded by basalt, which crops out on the surface near the Comal-Kendall County (Fig. 2)
line and has been mapped by several previous authors. The entire Cretaceous System thins markedly over this faulted
area near Bergheim. The thinning is believed to be characterized by a lack of preserved porosity and permeability in
most of the Cretaceous section with the exception of a few patch reefs developed in the Lower Glen Rose Member.
There are other exceplions to this general statement, but most wells in the Cow Creek, Hensel, Sligo and Hosston
units are low yield water wells. The wells become less productive as the fault zone is approached.

Three water wells drilled in south central Bandera County near Tarpley drilled out of the Hosston Formation
into the underlying foreland facies of the Ellenburger Group. This area has previously been mapped in the 1930°s as a
very broad structural uplift and is probably related to an underlying horst block. Basaltic intrusions are found both
immediately east and north of the Tarpley area. These intrusions are believed to be related to this north-south-trending
anticline. The Cow Creek facies in this area is a carbonate and quartz sand facies oriented roughly north-south. It is
eroded into the underlying Hammett Shale irregular surfaces evidenced from closely drilled wells. This sand facies is
interpreted to be a paleo-topographic low developed over the pre-existing Ellenburger horst. The Ouachita Foldbelt
wrapped around this feature. The sand facies of the Cow Creek and the subsequent erosion of the underlying Ham-
mett Shale followed this paleo-topographic low. This is believed to be another example of the underlying structure
influencing facies development of the Cow Creek. Other examples surely exist, but they are undeflined until more data
can be obtained through subsequent drilling over the next few decades. For example, there must be an underlying
structural reason for the Pipe Creek High, which is associated with a thick and very high energy, high vield Cow
Creek facies. This is also an area characterized by patch reefs within the Lower Glen Rose Member. The thick overly-
ing Hensel sands appear to have been diverted around this high, as well as the Cow Creek sand facies (Fig. 2). More
data may be required to support this hypothesis.

Low Energy Sub-basinal Thinning

The low energy Cow Creek facies appears to thin into sub-basins, as if they were starved of high energy car-
bonates sands. This is evidenced by Cross-section B-B', that extends from the City of Boemne in a northeast direction
into an area of several rural subdivisions. The thinning is not dramatic, but it does occur. The sub-basinal sediments
are characterized by low energy whitish micritic carbonates that may have been winnowed “flour” from nearby high
energy environments of deposition (Fig. 3).
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Conclusions

This first report addresses the aquifer characteristics of the Cow Creek Member of the Pearsall Formation, as
these aquifer parameters relate to the paleodepositional facies of the unit. It is surmised that these facies are in some
degree related to underlying structural elements that originate from the Llano Uplift, the Ouachita Foldbelt. basin for-
mation and concomitant faulting. These structural elements created the subtle underlying framework for the overlying
Cretaceous environments of deposition that finally controlled where low and high yield water wells are found within
the Texas Hill Country. Additional papers are planned to address the remaining aquifers within the study area.
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APPLICATIONS OF HYDROCHEMISTRY TO EVALUATE RECHARGE AND FLOW PATHS
IN THE EDWARDS-TRINITY AQUIFER SYSTEM, TEXAS
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ABSTRACT

ROUTINELY ACQUIRED HYDROCHEMICAL ANALYSES OF EDWARDS AQUIFER WELL WATER FROM THE
EDWARDS PLATEAU (EDWARDS-TRINITY AQUIFER SYSTEM) OF WEST-CENTRAL AND WEST TEXAS IS USED
TO IDENTIFY PREFERENTIAL RECHARGE ZONES AND FLOW PATHS, AND TO ESTIMATE LOCAL RECHARGE
VOLUMES. RAINFALL AND WET CHLORIDE DEPOSITION DATA WERE INTEGRATED WITH GROUNDWATER
CHLORIDE DATA AND ESTIMATES OF DRY CHLORIDE DEPOSITION IN AN ARCGIS ENVIRONMENT TO
PRODUCE FINE-SCALE MAPS OF PREFERENTIAL RECHARGE AREAS AND RECHARGE VOLUMETRIC ESTIMATES
BASED ON A CHLORIDE MASS-BALANCE APPROACH. GROUNDWATER CHLORIDE, CALCIUM, MAGNESIUM,
AND SODIUM DATA WERE ALSO IMPORTED INTO ARCGIS AND MANIPULATED TO SELECT WELLS THAT
PRODUCED RELATIVELY YOUTHFUL GROUND WATER AS SUGGESTED BY SIMULTANEOUSLY LOW VALUES OF
CHLORIDE CONCENTRATION, MG/CA, AND LOW EXTENTS OF CATION-EXCHANGE REACTIONS. MAPS BASED
ON THESE DATA SHOWED REASONABLE PATTERNS OF IMPLIED RAPID FLOW ORIENTED NORMAL TO
POTENTIOMETRIC TRENDS IN AREAS WITH HIGHER POTENTIOMETRIC GRADIENTS.

INTRODUCTION

IDENTIFICATION OF PREFERRED AQUIFER RECHARGE AREAS AND RELIABLE RECHARGE ESTIMATES
ARE CRITICAL FOR INFORMED MANAGEMENT OF GROUNDWATER RESOURCES. RECHARGE AREAS MUST BE
PROTECTED FROM POLLUTION OR ESTABLISHMENTS OF IMPERVIOUS COVER. GROUNDWATER RESOURCES
MUST BE PROTECTED FROM OVER-EXPLOITATION SO THAT PLANTS, ANIMALS, AND PEOPLE WHO DEPEND ON
GROUNDWATER, WHETHER BY PRODUCTION FROM WELLS, TRANSPIRATION ALONG SEEPS, OR UPTAKE AT
SPRINGS CAN CONTINUE TO THRIVE INDEFINITELY. OFTEN ESTIMATES OF RECHARGE VOLUMES ARE BASED
UPON MEASUREMENTS OF DISCHARGE AT SPRINGS AND BY BASE FLOW ALONG STREAMS. ESTIMATES OF
DISCHARGE BASED ON THESE CRITERIA ARE ASSUMED TO REFLECT A SIMILAR RATE OF RECHARGE, A
CONCLUSION BASED UPON A STEADY-STATE VIEW OF AQUIFER PERFORMANCE. THIS APPROACH DOES NOT
RECOGNIZE THE POTENTIAL TRANSIENCE OF RECHARGE RATES AND THE POSSIBILITY THAT MODERN
DISCHARGE RATES REFLECT RECHARGE DURING TIMES WHEN THE CLIMATE WAS SIGNIFICANTLY
DISSIMILAR TO THAT OBSERVED RECENTLY. SUCH ESTIMATES ALSO DEPEND ON A COMPLETE ACCOUNTING
OF ALL FORMS OF DISCHARGE, INCLUDING GROUNDWATER PRODUCTION FROM WELLS. FURTHER,
IDENTIFICATION OF PREFERENTIAL RECHARGE AREAS MAY BE BASED ON EXTENSIVE HIGH-RESOLUTION
SOIL-TYPE AND THICKNESS ANALYSES ON A REGIONAL SCALE. FINALLY, THE NATURE OF LOCAL RECHARGE
AVENUES IN THE AQUIFER ROCK IS USUALLY VERY POORLY KNOWN. THIS IS CERTAINLY TRUE OF THE
EDWARDS-TRINITY AQUIFER SYSTEM OF WEST-CENTRAL AND WEST TEXAS. THE MOST RECENT ATTEMPTS
TO MODEL GROUNDWATER RECHARGE AND FLOW IN THE EDWARDS-TRINITY AQUIFER SYSTEM
(KUNIANSKY, 1989; KUNIANSKY AND HOLLIGAN, 1994) USED DISCHARGE ESTIMATES AND ASSUMPTIONS
OF STEADY-STATE CONDITIONS