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Lo it
o mental analysrs to 1dent1fy more and less su1ted areas for geopres. ured test wells- an e

A.EF;JINTRODUcnoN.IG

ThlS report comprlses mformatlon collected and analyzed for a prellmmary; :

envxronmental analy51s of - geopressured geothermal prospect areas 1n Colorado ‘and
DeWitt Counties, Texas (flgs. 1 and 26). The report 1dent1f1es and discusses specxflc

env1ronmental ‘concerns for each geopressured geothermal prospect area but 1s not nor [

2,

was it 1ntended to be an envxronmental 1mpact assessment Appro?mately 218 km
)

mi ) were, studled m the vncrmty of each prospect area‘”to-r‘-‘;--, ﬁonduct an env1‘

» (2) prov1de an env1ronmental data base for future developme1t of geopressured:‘..' U

geothermal energy resources. ‘;‘ . ' i{ : oo

The report contams a, serles of maps and tables 10 1llus1 rate env1ronmentalf

characteristics 1nclud1ng geology, water resources, sorls, current land use, vegetatlon, :
wildlife, and meteorologlcal characterlstlcs, and additional relevant mformatlon on‘ ’
cultural resources, power- and plpelmes, and regulatory agenc1es. T\he maps deplcted in
the report were produced at a scale of 1: 24 000, and further reduced for purposes of
presentation. A series of transparent overlays at the scale of the orlgmal mapping has

’ o
also been.produced for the purposes of identifying and rankmgl areas of’ potentlal__,

conflict between geopressured geothermal development ‘and env1ronmental character— :

istics. The methodology for rankmg su1tab111ty of areas within the two prospect areas ls] -

fully dlscussed in the appendlx and follows the form of White and otl* ers (1978)

Environmental Characteristics

Inclusion in this report of the environmental characteristics that are described

below required that each characteristic meet two criteria: (1) data were avallable or -
could be generated within the ‘time frame required by this report, and (2) the

environmental characteristic was spec1f1cally relevant to development of geopressured

_geothermal energy in DeWitt County

! .

l

| |

. » .
Lo . l

|

lThIS report follows closely the format established for the "Environmental ,
Analysis of Geopressured Geothermal Prospects Areas, Brazorla and Kenedy Countles,
Texas" (Whlte and others, 1978). : :

:(85-7-’ o



Each of the following sections: describe_s environmental characteristics of ‘the -
region surrounding the Cuero aﬁ,d Eagié .Léke'prospect- areas. Environmental data and
tables are provided for the entire -study ,ared, but the smaller prospect areas are.
emphasized in discussing ré‘laﬁw_?é suitability of environmental units for location of a
test well. " ' ' | | o

Possible impacts were eValuated by ‘cohsidering bo_th the impacts of the test well
and associated facilities and activities on the environrhent and the potential effects of
the environment on the test well site. For example, the fégst we_ll‘ will affect'. the
environment by occupying a po”rtidn' of the land sur face, ari‘ci-'by.witﬁdrawing la'rge
volumes of fluids during teé'g phasé operations, surface subsidence might be induced. On
the other hand, natural proéesses could affect the operation of fhe test well; examples
include stream flooding and foundation problems resulting from construction on

expansive clay soils.

Construction and Maintenance Activities

The program for setti'ngil__tp geopfessured_geotherrﬁgl testing faéilities has been
discussed in detail in.-several previous publications (Coastal Environments I‘nc'., 1977;
Gustavson and-othefs, 1978; Newchurch and dthers, 1978; and U.S. Department of
Energy, 1979); therefore, onl‘y a brief outline of construction and maintenance activities

will be given with emphasis on potential environmental problems.

Drilling of the test well will involve construction of access roads (if necessary),
clearing, leveling, and c'ompgction of the drill site, and construction of a mud pit and:
retaining levees. The operatfionavl- phase of the project will require pipelines, separatbrs,
possibly a cooling tower, stéragé tanks to hold the brine, several disposal wells, and
support and testing iacilitiés. Flaring and/or scrubbing. of gases which come, out of
solution may be required. Four. to six acres of land will be needed for the entire
facility. The testing phase bf the project may last several yéars, after which the well’
will be shut in anci‘the area restored, as near as possible; to its original .'condit.ion, or a
commercial facility will be constructed. This would require more land; impacts would.

vary depending on the type of facility and would of course necessitate further analysis.

Possible Environmental Effects

Since exploitation of geopressured geothermal fluids is a new area, very little is
known about the actual impacts of such operations. There has been much speculation,

however, and valuable discussions can be found in the following publications:
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Gustayson and Kreitler, 1976

.

Coastal 'Envir'c:)n ments, 1977

Gustavson and others, 1978

NeWchUrch and others,. 1978.

I
U

U.s. De,par"tme‘;nt of Er]eri‘gy,. '1973
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A summary offtheinforf"‘ma'tion_ available is preSented' in T:;’ible 1.

o

Table 1. Test well activities and environmental effects.

Surface water contamination

Likelihood S o Likelihood b :
Test wel! activities " of event/ Effect on environment . of effect if ! Type of effect .
) o activity | eventoccurs Temporal Arealextent ~Severity
Construction{ Road construction " certain’  Habitat destruction ° certain mid¥ -~ . small severe
and/or access : Erosion : likely mid small slight/mod.
Drairiage alteration possible m'idh small slight
Site preparation: certain HabiFat destruction certain mid/lc]‘)fn_g small " severe
Imchl{dmg de;rlr_l%, Erosion “likely. mid small - slight/mod..
eveling, compacting Drainage alteration possible mid small slight’
Increased sediment load possible #‘ ’ ‘
Ponds, dikes, and levees certain - Habitat destruction certain mid Csmall - severe
’ Erosion ! likely mid, small/med. slight/mod.
Drainage alteration possible mid| small moderate
Drilling of well certain  Noise certain short small/med. moderate .
. . |
Air pollution—dust, - ; i - :
_ hydrocarbon exhaust certain short small/med. slight/mod.
Pipelines ~certain  Habitat alteration certain long small slight
Surface Well pumping certain  Noise certain mid i small slight
facilities on - Yo" - - - : ; -
prepared  |Sanitary facilities _ possible Posf;ﬂia%;?:gg;\atﬂ untikely mid' small  slight/mod.
site ) _ :
Separators certain  Gaseous impurities if : . o . =
' ) flared—air pollution tikely mid small/med. ) sl[ght/moq, o
Cooling towers likely Minimal (few additional effects) likely — — —_
Storage tanks certain  Minimal ‘ likely “"; e ) —_
) Liguid disposal pump certain Noise L ! certain mid, small/med. slight/mod.
Normal - Geothermal-geopressured certain  Subsidence o likely long med/large slight/severe |- - '
operations  |fluid removal at depth . Fault activation by subsidence possible Iong'i _med/large  slight/severe |
Reinjection of fluids certain  Groundwater contamination unlikely Iongiz med/large  slight/severe
Cementation of aquifer due . | . .
to incompatible fluids unlikely . Iongf small/med. slight/severe
Fault activation unlikely long small/med. slight/severe
1Accidents  [Well blowout: hot brine unlikely Destruction of fauna and flora certain shortfiong medium severe
o Injury to fauna and flora certain shor med/large moderate
Soil contamination certain mid} med/large mod.[severe
b Groundwater contamination possible- jong| med/large  mod.[severe
- Surface water contamination likely shor medium moderate
Air pollution certain shor medium moderate
Spill frgm well, pipeline, unlikely Destruction of faunaand flora likely shor medium severe
or cooling ponds injury to fauna and flora likely shor medium moderate
Soil contamination certain midi small/med. mod./severe
Groundwater contamination possible Iongf‘ small/med. mod./severe
Surface water contamination possible short small/med. moderate
Breqk.or oyefflow of ‘possible  Destruction of vegetation “likely shdr% small/med. severe
retaining dikes—geo- Soil contamination - certain mid | small/med. mod./severe
thermal brines plus G dwal P likel i I d d./ re
toxic drilling fluids roundwater contamination unlikely long; small/med. mod./seve
possible short small severe

*mid = for life of test.well, approximately 3 years

3




PRELIMINARY ENVIRONMENTAL ANALYSIS OF A GEOPRESSURED
GEOTHERMAL PROSPECT AREA IN DEWITT COUNTY, TEXAS

The DeWitt County p'roepeefc area is the most favorable site for test‘ing geepres-
sured geothermal resources in the Wilcox Formation of the Texas Coastal Plain and thus
received emphasis in 'this eh‘vironrhental report. E\ralﬁa'tion of the DeWitt County
"prospect area and other Wilcox Group. areas in terms of reservmr volume, por051ty,
‘ permeablhty, sand dlstnbunon, reservoir thermal propernes and associated structures,'
and potential as a ‘geopressured geothermal energy res_ource_ar.e‘ reported by_Bebout”
and others (1978). -The DeWitt County reservoir consists of 197 m (645 ft) of -sandstbne
in the interval between ,3’2.‘99 m (10,815 ft) and 3,642 m (11,940 ft). Whole core
anaiyses from the reservoir section show a-range in porosity from 6 to 25 percent and a
range in permeability from 0.01 to 242 millidarcies. The maximum corrected bottom
hole temperature was 156°C'(313°F) Formation fluid salinity was calculated from log
analyses and is expected to range from 30 000 to 100,000 ppm TDS (Bebout and others, :
1978). ‘

The site of the test well within the Cuero study area will be determined by
comparing areas that are most suitable geologically with areas that have few
env1ronmental constraints to 1dent1fy a site. or sites that are acceptable both geolog-

ically and environmentally.
GENERAL-SE_TTINC——DEW_ITT COUNTY PROSPECT AREA

The DeWitt County study area encompasses approximately 85 miZ (218 kmz). It is
located near the center of DeWitt County and is transversed by the Guadalupe River
which runs from northwest to southeast through the study area (fig. 1). Included within
the study area are the city. of Cuero with a population of approximately 7,000,
Arneckeville, an unincorporated community, and severalb crossroads communities (fig.
2). Physiographic divisions within the study area include the gently rolling uplands and
the Guadaldpe River bottomlands. Elevations in the bottomlands range from 120 £t (36
m) to 180 ft (54.8 m); the uplands range up to 360 ft (118 m) but are generally less than
300 ft (31.4 m) (fig. 3). | -

The test well prospect area, centered within the study area, covers approximately

12 mi (31 kmz) and represents the surface projection of the geopressured geothermal




1 | ‘ \
l . _reservoir. -- It is located mostly in. the rollmg uplands of - the study area, although -a
é. smaller secnon mcludes part’ of the Guadalupe Rlver Valley : '
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 SUMMARY -

Review of Environmental Concerns

- _' f for the 'Cuero Prospect Area N J S

The Cuero . area. does not appear to pose many serlous problems to the locatlon of’ :

- a test well The more 51gn1f1cant concerns are summanzed below. -

Archaeology Several archaeologlcal sxtes are known to occur in the prospect‘ o

area. ' The proximity of the Cuero 1 Archaeologlcal District - whrch contams ‘a high . . =

densny of sites suggests that a study conducted in the prospect« area would 51m11arly -

reveal many more sites of interest. A survey of the proposed well site should be'”A :

conducted to ensure that the we]-l is not located on an area of archaeolog1cal mterest

Subsidence and Fault Acnvatlon. A potentlal for sub51dence ex1sts, espec1ally if
productlon continues for a number of years. Effects could 1nclude structural damage ‘

and drainage alteration. If accompamed by fault actlvatlon, damage along the fault.‘-
lines could be more severe. The surface: pro;ectlon of one of the deep faults in the

study area runs through the c1ty of Cuero. If thlS fault were actlvated many structures
could be damaged ? . '

Groundwater Contamination. Groundwater contamlnatlon may.-result from acci-"

dental brine releases. ThlS is espec1ally true in areas of coarse grained sediments that
have a high infiltration rate. - "

Floodmg. Elevanon in relatxon to the river should be con51dered 1f the well is to -
be located in the Guadalupe River floodplain. The" 100 year ﬂood represents about a

12 m (40 ft) rise in the level of the water, but the entlre ﬂood plam is covered at least
once every ten years.

Soils. Propertres. Some of the SOllS in the prospect area may pose problems for

construction activities due to the1r clay content These soils are corrosive or have high

shrink swell properties.

Prime Soils: Some of the major soils of the prospect jarea are classified as

.Prime Agricultural soils. ™ While‘this does not pose a problem for: locating a test well

from the standpoint of acreage removed from agriculture it should be a consideration if

full scale production is implemented. Another concern is the‘pot'ential long-term



damage to the soil from-a brine spill as constituents toxic to plants could become -
adsorbed by clay particles reducing-the soil's suitability for agriculture. - - ‘

Erosion. ~ Although sfopeS' in the Cuero area are not steep enough to cause
engmeermg problems for construcnon, they are steep enough to rapidly develop gullies

»

if vegetation cover is re moved

Vegetation. Valuable: Habrtat Pecan forest occurs on ‘the frequently flooded
bottomlands of the Guadalupe R1ver. This habxtat 1s scarce in the area and partlcularly
valuable because of the many years that would be requ1red for the forest to recover o
from damage or destructlon. “ ‘

Rare Plants- It‘ is p0551ble that the rare plant Calhandra b1ﬂora may occur

in the prospect area. It is possrble that other rare or endangered | specxes may also occur
there as the vegetation of DeW1tt County has not been thoroughly studied. A survey of
the proposed well site should be conducted ‘to ascertain the presence or absence of rare =

species.’

Wildlife. The only abdndant population of the protected river dater (Hadropterus -
shumardi) in Texas occurs in“ the Guadalupe River in the vicinity of Cuero. Should the‘
test well be located so that;;aotivities may affect the Guadalupe River a further study
should be conducted on the river darter's habits and habitat to determine any possible

effects on the species.

LOCATION OF A TEST WELL ON THE BASIS

OF ENVIRONMENTAL CHARACTERISTICS
An analysis of the stodiied environmental characteristics of the test well prospect
area suggests that the uplands of the prospect area do not pose many problems to test
well location and are thus relatively suitable for a test well site. The most suited areas
are those of Orelia soils (sandy‘loams') as they have no characteristics significantly
unsuited to test well development The bottomlands of the Guadalupe River pose many
problems to test well development due both to construction costs ‘and env1ronmental

considerations and are therefore relatlvely unsuited for the location of a test well.

10
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. ‘summer, and fall months (Wmd Rose, fig. 2)." Tropical maritime’

METEOROLOGICAL CHARACTERISTICS '

B
i

Climate V

Cllmate in the Cuero area is hum1d subtroplcal w1th hot summers (Natlonal-'.f

Oceanic and Atmospherlc Admlmstratlon Cllmatologlcal Summary, 1972) Cllmate 1s__ o

contmental characterlzed by a consxderable range m annual temperature extremes,"f,'_ ;

"however, air. masses of contlnental orlgln play a mmor role in determmmg the weather LA
'jm the’ Cuero area. The prevaxhng wmds -are’ southeasterly throughout the sprlng,”'-' B

lalr ‘masses. from the"'

Gulf of Mex1co predominate throughout the above seasons. Pola]r air masses, greatly. .

“modified by a long "trajectory across southern latitudes, in combmatlon w1th the warm.'

water surface of the Guli of Mexico, are respon51ble for mild wmter temperatures.
Rainfall, most often in the form of thundershowers, may vary consxderably from month
to month, and from year to year. Ralnfall averages 33.17 mches annually (ﬂg l+) with’
peak monthly totals in May. and September (fig. 5). In most years, March is the driest

' month

‘ , ; _

‘Cuero receives about 62 percent of the total possnble annual sunshine. Sunshlne
varies from about 49 percent in winter to 74 percent in summer The mean relative
humidity, at noon, C.S.T., is estimated at 63 percent in January, 62 percent in April, 53

percent in July, and 54 percent in October.

Wmter cllmate alternates mlld sunny, less humid days with' cool, cloudy, drlzZly

weather. - Temperature drops ‘to 32°% or below on about 25 days ;e_a'ch year. Summer. -

climate is hot and humid with little change in the day-to-day weather, especially during

mid-season. Spring and fall temperatures are moderate, and the| weather has greater

variety than in summer (fig. 6). Con51derable mormng cloudlness 1s present in early '
spring. Tropical storms that occasmnally v151t the Texas coast durlng late summer and:

early fall may bring heavy rains to the Cuero area, but this is an 1nfrequent occurrence. .

The tornado density in DeW1tt County, based on the years 1951 1971, is about .8
tornados per 1,000 sq mi per year. (Natlonal Weather Service, 1951). For the 85 mlz study

area | tornado every i5 years could be expected , _ )
‘»

The mean date of the last sprlng frost is March 3 and the mean date for the first

fall frost is November 29. This gives Cuero an average frost free period of 270 days.

[l
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Mean annual’ lake (free water) evaporatlon is 55 mches, and
. evaporatlon exceeds preClpltatlon by 24 1nches. o 3'

bt g

" Air Q’uali'tx"
e o - L
‘ e . T - B ‘

in an:average year, -

Cq

DeWitt County ‘is in Region 5 of the“l'e‘xas air mon-itorlng network ‘Although.

there are no monitoring statlons within the county, the air quallty

natlonal ambient air quallty standards (Texas Air Control Board

closest continuous monitoring statxons- data from San Antonio are 1ncluded on table 20

Vlctorla is the nearest metropohtan area downwmd of DeWitt County, and measured alr»,"f .

national standards (table 2)

Potential for Air Pollution from Test
Well Activit

is presumed to meet_

Personal commumca—:ﬁ e
'tlon) The nearest large metropolltan area, San - Antomo, is upwmd of prevalllng w1nds{'

: vand thus exerts little 1nfluencet over air quallty in the county, however, as it has the ;",f:f':

_ quality characterlslcs from the noncontmuous momtorlng statlons’there are well within- . -

The test well will temporarlly affect air quality through ian increase in hydro— a

carbons and partlculates during . ‘the drllllng phase of the well operatlon. This will be :

|

caused by site preparation actlvmes, increased vehicular movem‘ent and exhaust, and

emissions from gasoline- or dlesel-powered generators. - During normal _operations non-

methane gases occurring in the geothermal brines may need to be\ﬂared-off Although,- :

air pollutants associated with geopressured geothermal fluid productlon have yet to be . -

"adequately identified potentlal pollutants. 1nclude hydrogen sulflde, ammonia - and‘:"'

volatile carbon compounds- in the event of a blowout saline water would also be present

in the air. Texas ambient air quality standards (set by‘the_Texa% Air Control Board),‘

which are supplementary to national standards, specify that Athe net'ground level

concentration of hydrogen sulfide cannot exceed 0.08 parts per mi;llion for a 30-minute

average in areas used for residential, business, or commercxal purposes. Net downwind

concentration of hydrogen sulfide in other areas (vacant land, rangeland, industrial

property, etc.) cannot exceed 0.12 ppm for a 30-minute average (White and others,

1978;. personal communicatio'n, Ralph Driscoll, 1979). The net downwind concentration

is eduivalent to the downwind concentration minus the “upwlndi concentration. - No

standards exist for ammonia. - As permits are required for the majority of emitting

operations, a permit may be required should volatile carbon compounds be released. As

geothe_rmal test wells are not listed as exceptions to this requirement, when it is known

15




9T

Table 2. Air quality data; Victoria and San Antonio stations, 1978.
Noncontinuous monitoring network

. . Concentrations in micrograms per cubic meter
Selﬁftlgg ?g]tlgns ggep&f Sia']t:e’l)':/l:lg ?13? (iiz;tg sgrfqb?efs Max Second Arith Standard Geo Standard
g 'months) 24 hour high  mean arith mean mean geo dev
Gaseous data _ S :
Victoria SO, b 12 1-878 1216718 41 18 17 7 5 6 2.3
NO; ? 12 11478 1216718 40 87 58 8. 18 22 2.4
Aldehyde 3 12 1-278 121678 41 12 10 3 2 3 1.6
Ammonia? 12 1-278 12-1678 41 24 23 6 6 -4 24
Particulate data | o P o ‘ ' L
Victoria Total C 12 1-278 121678 . 40 129 108 63 24 - 57, 1.6
suspended T - | (260) (75)
particulates
Continuous monitoring network, 1978
Carbon - Sulfur -
02O (y0ne_  monoxide msecond Normethane gOREL Suifur - QU Nitrogen
Selected stations CAMS second % of time —second  highest hydrocarbons -4 dioxide —Lop. o dioxide
in Region 5 no. highest 15 ph0m  highest 8 hours -dam.—  pighest —annual 3, o —annual
hour v hour (non- second high o4 hours mean {non- mean
i overlapping) : overlapping)
Maximum o
allowable by . o S
ambient air 0.12 0.0 35 9 0.24 - 0.14 003 . 050 0.05
standards (parts .
per millionf “ _ L .
San Antonio, 7 012 0.0 12.7 46 . 27 002 000 003 . 001
SanAntonio, | 4g 010 00 136 7.1 35 - - = 0.02
Standards:

150, Max 24-hour 365. Arith mean 80.
2NO, Arith mean 100.

Sources: Texas Air Control Board, 1978; “Annual data summary for noricontinuous monitoring,” and ‘‘Continuous air monitoring network

data summaries.”
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what 15 to be emltted by . the test well, the A1r Control Board should be contacted to-z"’

determine the nece551ty of a permlt. H _

i
i

Location of Test Well on the Basns of Meteorologtcal Charactenstlcs

Prevallmg wmds are southeasterly (f1g 2); thus, dally emxssmns from test well.; ,,:
facxlmes would most conmstently affect areas located northwest ‘lof the site. Locatmn-"'
of the test well in the eastern th1rd of the prospect area would therefore increase the - .
effect on the city .of Cuero, whereas locatxon in - the center may result 1n the‘i_‘f
_commumtxes of- Hopkmsvﬂle and Chnton bemg affected No communmes appear to be.-b

.located. downwmd of the western sectlon of the prospect area. | " A blowout or other‘_ )

unexpected emission could however occur at anytxme- the effect| on specmc locanons"‘

. would depend largely on the wind dlrecuon at the time of the acc1dent. In addition to )

prevailing wind dnrectlons, prox1m1ty to vulnerabie areas should be considered, “the far -

western section of the prospect area agam bemg the more su1ted locatlon.

N
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. ECONOMY AND INDUSTRY

Agriculture

Agriculture is a majorzf industry in DeWitt County. Total receipte from the sale of
agricultural products were jover. $22 million in 1977, livestock and livestock products
accounting for over 90 percent of this (Texa's.Crop and Livestock Reporting Service,
1978). The county is a leadmg producer of stocker and teeder calves; cattle are -
predominantly crossbred, with Brahma, Hereford Angus, and Charolais’ breeding. Other
livestock contributing to agncultural income include dairy cattle, turkeys, and swine .
(Cuero Chamber of Cofnme’rce, 1979). Much of the cultivated land is also devoted to
cattle raising, producing fodder crops or 1mproved pasture. ‘Other crops include small

grains and peanuts (table 3)

Mineral Resources

Much of the revenue of DeWitt County comes from mineral production--$29.5
million in 1975 (Zlatkovich and others, 1978). The most valuable resource to the county
is natural gas, followed by oil and natural gas liquids (table 4). Several oil and gas fields
occur in the Cuero area (fifg.‘7). The 1974 value of oil and gas produced in DeWitt
County was $17.8 million (Bureau of Business Reseafch, 1976). Additional revenue
comes. from sand and gravei production. The study a'rea.conta'ins a humber of gravel
pits, the greateet concentration eecurring to ‘the northeast of Cuero. Although many of
these are now exhausted, néw mines are still coming into productioh especially in the

area to the south of the Guadalupe River. »

Industry and Commerce

Cuero is the county seat and commercial center of DeWitt County. Industry
includes textiles, leather goeds, woodwork, and the manufacture of internal furnishings
for large buildings. It is also a shipping point for a wide variety of farm products

including cottonseed oil and poultry.

#

18




i
§
I
'
i

N
4

-l en -
: /I
. e N

: K ) / . 4 R ¥, 4

4
f

s

N\
fl

-~ Proportion 'in farms“(ln974)

e Total cropland

 Harvested. cropland ..
)

Woodland for grazing. pasture

- Corn

- Livestock (1977)
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Table 3; .Agricultural statistics, DeWitt County. = =

]

County land area -

T
e h

Average farm s;,z,e .(1‘97’,4)

- Agrlcultural land use (1974)

Cropland used for pasture ;

Improved pasture and range

 Unimproved pasture and rangeland"

’r‘cxopsﬂ977y %

‘Sorghum-grain
Sorghum-hay

Oats
Wheat
Hay
Pecans
Peanuts

Milk cows calved

Beef cows calved

Hogs

Sheep

Turkeys produced

Hens and pullets laying eggs

Sources:

-Planted"

( Acres)

13 OOO

7:800‘,

5,000

4,400

700

lﬁumbers .

| 115,000 .

[

2,300

63,000

3,000

8,000

£ 194,000
© 50,000

;;;;;

,_7582 3% . .
SRR TR
3527 -

“?[ 40, 957?« )
224,790 -

Harvested -+ .

(Acres) o

9,600
1,200

7,400 .
900
1,800
9,800

147,000 Ibs.
690

1974 data:  "1974 Census of Agriculture"' U.S. Bureau of rhe Census, 1977.

1977 data: "1977 Texas County StatlStICS," Texas Crop and L1vestc

Serv1ce, 1978.
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.- Table-4.-Industrial -and economic statistics, DeWitt Cournty. =

i
'
— . .,_ =

~ Farm population (1970) 3,244

Year L A | Source
/1975  Value of minerals produced . . 829,473,000 - 1,2 1
1974  Minerals in order of value R I '
Natural gas . - $ 9,832,966 : y
Petroleum (oil) .. . $.7,969,289 4 .
Natural gas, hqu1ds o ‘nfa’ . :
1976 ~ Oil productxon 197’6;}- ST T ou1ugk barrels 1. 4‘
Total oil productxon e S R
to January 1, 1977 H o . 50,662,865 barrels 1
1977  Cash receipts from‘;;algricultural products $22,218,000 -3
From crops S 8% | | ' |
From livestock - 92%
1975  Population: County| 18,382 o ’ ]
Total annual income . $82,116,000 1
Population Cuero “ 6,989
1976  Employment Total 7,796 1
o Civilian (1970) 6,828 5
i Mining 63 1
“ Construction 107 1
}ﬁ Manufacturing 1,058 1
1 Transport, communication : T
f‘ﬁ _ and public utilities 152 1
‘ Trade 1,163 1
| Financial, insurance
. . and real estate 210 1
Service 740 1
: State govt. 227 I

Sources: P
"Texas Almanac 1978 " Dallas Morning News.

"Texas Fact Book 1978 " Zlatkovich and others, 1978.

"1977 Texas County Statistics,"” Texas Crop and Livestock Reportmg Service, 1978.
"Atlas of Texas," Bureau of Business Research, 1976.

"County & City Datq Book 1977," Bureau of the Census, 1978.
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CULTURAL RESOURCES

Historical ‘ } ' )

The Texas Historical -Corﬁmission has marked 28 places of historical interest in

the study area. The majority of these sites are located within the city of Cuero
(table 5). ' ' ‘

Archaeological

Twelve archaeological sites (table 6), ranging in age from prehistoric to historic,
have been found in the Cuero study area; 6 of these bein'g. located within the prospect
area (fig. 8). While all thqsé within the prospect area are prehistoric, two of those
outside are historic cemeteries. Although only these have been identified so far, it is

likely that if the area were to be studied many more would be found. An intensive

archaeological survey conducted on the site of the proposed Cuero I reservoir (located

in the Guadalupe River valley 4 miles north of Cue'ro, and therefore just north of the

study area) revealed 245 prehistoric sites on the floodplains and terraces of a 45 mile

stretch of the river. Preservation of nonlithic material such as pottery, bone, and shell

was found to be generally excellent and significant data concerning man's adaptation to,

and exploitation of, his natural surroundings over a period of some 7,000 years was
obtained from the recovered artifacts. This area is now listed on the Federal Register
as the éuero I Archaeo.logic'lal_ District. Located ohly % miles south of this it is likely
" that the terraces and floodplain of the Guadalupe in the study area may similarly
support many prehistoric sites. ' )

\

Location of the Test Well on fhe Bas@s of Archaeological Resources

Archaeological sites that have already been identified should be avoided as sites
for the test well. An archaeological survey s_hbuld be made of the proposed location to

ensure that it is not of archaeological significance.

22
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Cuero (founded 1873) ‘;f_"-f' O el

- St Michael'siCatholic Church - §1
.. The Edward Mugge House (1870'5) 3

Burlal Place, James Norman Smlth (1789- e

. | a7y

‘N. Indlanola, Cuero

\ ) \ ; \ . . v - )
| | | | | | E O

Table 5 HlStOFlCBl Markers, Cuero Study Are

/ KN ) oo i H §
. . : J . i

Natlonal Reglster L B - *ff'.

DeW1tt County Courthouse (1894) P

| foicial TekasAHistorical fMa'rkers

| Robert Allert House (1893)

St. Mark's Lutheran Church -

The Breeden House (1883) -

The Bates-Sheppard House (1886)
Leonard Roy Harmon (1917-1942)
Gohmert-Summers House (1895)

' Thomas M. Stell Grave Marker (1856- 1939)

Alexander Hamilton House (1883)
Grace Episcopal Church (1889),

Judge Henry Clay Pleasants (1828 1899)
Early Texas Bandstands

William Frobese Home (1875)

Buchel Bank (1873)

Cuero Land & Immigration Company (1871)
Emil Reiffert Home :

Marker: Gen. August C. Buchel
English-German school-

DeWitt County Monument .

John T. Wofford Home (1877)
Josiah Taylor Grave Marker

Morgan Steamship Line

Old Chisholm Trail (1866 ff)

Burns Station Cemetery : ' ‘
Chnton (County Seat 1848 & 1850—1876)

Source: Texas Historical Commission
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Tetrell ‘St., -
) ‘_SH 183 & 77A 2 6 m1 S. Cuero

Locanon o

Courthou<e »nga_;;-e‘, Cuero

. Hwy 183 77A) N“.‘_fs‘ide;-gsf.cﬁerig_.-_;f; L
‘McLeod St: : o

Cué

ﬂcuero

N. Esplanade, Cuero
W. Broadway, Cuero o

E. Broadway, Cuero
- Cuero Mummpal Park, Cuero -
~ Terrell St., Cuero. -
* Hillside Cem.’ Cuero

N. Esplanade, Cuero = : ‘
Esplanade and L1ve Oak Sts., Cuero
Hillside Cem., Cuero

Municipal Park,. Cuero

E. Newman, Cuero _

E. Esplanade, Cuero
Cuero City Park Cuero
W. Prairie St., Cuero
Courthouse grounds, Cuero

‘E. Newman, Cuero L
- E. of- Clmton c1ty hmlts on U S. 77 &

87

. W. Reuss Blvd., Cuero , R
U.S. 87, 2.5 mi E. of Cuero, South 1.5 - -~

~ Hwy 87, 6 mi S.E. of Cuero




NUMBER

DW 1
DW 6

DwW 78

DW 218

DW 219
DW 220
DW 221
DW 223
DW 224
DW 225

DW 226

-~ DW 230

DW 231

DW 236

Table..‘6.?,— 'Arehaeological"Sites, Cuero Study Area

DESCRIPTION:

Flint gouges, drille, arrow points

Shell; fragments of chlpped and burned stone _
HlStOl“lC cemetery '

Flmt and burned rock '

tht and bumed rock

: ,‘ Many ﬂmt,ﬂakes,_ burned rock, shells; mussel and conc

Scattered :fﬂint‘ and burned rock

Artifacts mcludmg Archalc shells and’ flint
Abundant shells, Torrugas, Matamoros projectiles

Tools, gouges, knife blades, baked clay. Possibly Archaic.

Scrapers, broken projectiles of Refuglo, Matamerros,
Montell, early Archaic -

Historic cemetery.
Historic cemetery

Archaic. l fragment, one 1849 $1 gold coin

Source: Texas Archaeolbgieal Rese_arc_h Laboratory -
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EXPLANATION -~ Scale 1w
1 or more archagologic sites within this area o ! 0 (1 Mile "0 >

1 % 0 1 Kilometer . .

Known Archaeological Resources, Cuero Study Area. (Source: Texas

8.
i Archgoldgical Reseérch Laboratory.)
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'GEOLOGY

The formations exposed in. the Cuero study area ‘consist of ‘late Tertiary and
Quaternary fluvial deposits’ (f1g 9). Uplift and eros1on of older formatlons that occur to
the northwest (on the- Edwards Plateau and inner coastal plain) provided the source
material for these dep051ts.i Sediments range from coarse sand and gravel, deposited as

_ stream channel fill . and pomt bars, to fme muds of the ancxent floodplams (fig. 10)

“,

Fleming/Lagarto Formation:’

The oldest exposed 'sediments~ih the ‘area are found along the outer edges of the

Guadalupe River valley and comprise 'the Miocene Fleming Formatiovn (referred to as
the Lagarto ‘Formation m The Geology of Texas (Sellards and others, 1932) and as

Flemmg Formation in the Geologxc Atlas of Texas (Bureau of Econom1c Geology, 1978),

and hereafter referred to as Fleming). These deposits consist largely of fine-grained
sediments laid down in the latter part of the deposmonal cycle that formed the

underlying Oakville Sandstone.

Rivers carrying loads of fine detritus spread broadly over a flat Mxocene coastal
plain building meander beltisequences, natural levees, and widespread thick floodplain
muds. Locally, eolian proce‘sses sorted and modified these sediments. The Composition‘
of the Flemmg Formation 1s largely clay- and silt, with.lesser amounts of sandstone
. The clays are mostly montmonllomte and illite and are .commonly. calcareous. Sand-
‘stones are medium grained, ‘calcareous,- and locally thick bedded or crossbedded. Sand.

content increases south of the Guadalupe River valley.l

Goliad Formation

Most of the Cuero study area is underlam by the late Phocene Gohad Formatlon.
These sands rest unconformably on the Fleming Formation 1nd1cat1ng an intervening
period of nondeposition. The Goliad Formation consists largely of sand and sandstone
with lesser amounts of grav:el,_ limestone, conglomerate, marl, caliche, and clay, the
latter locally containing calicareous concretions. The more gravelly strata are channel
deposits, whereas the ﬁner-grai_ned deposits indicate a broader spread of material over
point bars, natural levees and floodplains. The sand and sandstone are medium to
coarse gramed composed mostly of quartz with some black and red, chert. Calichified
sands and gravels are common. In the Cuero area this formation varies in. surface

i
|

26




- N =N .

. ,

'
] ' o
Y- 7 . .

i - B
¢ EXPLANATION -
i Recent g
2 ALLUVIUM. Fiood plain deposits, low
1 terraces, sand, silt, clay, locally gravel

X

eistocene

~+] FLUVIATILE RIVER DEPOSiTS. ’
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- Figure 9. Geological formations, Cuero Study Area. (Modified from the Geologic Atlas
of Texas, 1978.)
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- Willis Formation ~ - .. 7 |

~ Goliad Formation. - _ R

Recent Alluvial Deposits -

-
1
3
L
i

l

expressmn to reflect the range of its components and hlstory as well as-more recent’

actlve processes. - The ma]orlty of the surface consists of - sandy material with local

 areas of expanswe mud and patches w1th high gravel concentratlons- these prev1ous

channel deposits now emergmg as hlgher areas due to thelr re51stance to erosion. The

Gohad Formatlon is locally overlam by WllllS or Wlllls-hke deposxts. o
i

. . . i
i . - - o V

The Plelstocene WllllS Formanon is composed of reddlsh sands and gravelly sands*I

’ rdeposned unconformably on the Flemmg and Gollad Formatlons. Deposnlon of ‘thlS‘:.;:,j,.: T
_‘:large volume of - coarse sedlments may. have been by shallow bralded streams w1th§_je::~-;_fg__ AR
sh1ft1ng channels. Followmg deposmon of the WllllS streams cut 1nto thls deposmonal o

plain, producing an lrregular surface. Today the Willis outcrop is a hllly belt betweeni o

the Lissie and- Flemlng Formatlons. In the study area, only remnants of the WllllS are to -

" be found cappmg the hlgher areas. Northeast .of Cuero it rests unconformably on the' _

Fleming Formatlon, whlle south of Cuero scattered remnants rest unconformably on. the

4

Pleistocene Fluviatile Deposits

Terraces are found at elevatlons 10 to 50' above the present day Guadalupe River.
They are remnants of ancient floodplains and are variable in composrclon, rangmg from
muds to gravels. Locally terrace gravels are exploited for sand and gravel

4

' The ‘youngest dep051ts in the study area are river’ alluvmm found “along the N

Guadalupe River and other streams, where they were dep051ted by floodwaters. These ‘A

alluvial dep051ts contain clay, 51lt, sand, gravel and orgamc matter, and are locally

calcareous. ' o t
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SUBSIDENCE AND FAULT ACTIVATION

The most serious possxble effects of the productlon of large quantmes of
geopressured geothermal flu1ds mclude sub51dence and fault actlvatlon (Gustavson and
Kreitler, 1976; Kreitler, l977) Sub51dence may occur with or without fault activation.

Subsidence with fault actlvatlon would produce a scarp at the surface in the v1c1n1ty oft

the fault, while sub31dence alone would produce a relatlvely smooth concave surface .

proflle and affect a larger surface area w1th maxxmum sub51dence bemg in the v1cm1ty'

of the well»
SUBSIDENCE'

Description |
Two kinds of ground deformation may. result from fluid w1thdrawal vertical

lowering of the ground surface and horlzontal movéments. -

Vertical ' lowering -of  the surface_ is the major effect in subsidence areas.
Compaction results from transfer of load from the pore. fluid of a rock to its solid grain
framework. As fluid is removed from a re's‘e_rvoir"the"internal fluid " pore pre$ure
decreases. The additional load transferred to the grains tends. to rearrange, distort, and
break them, causing the 'roc;k- to: reduce in volume. This effect may. be highlighted in -
geopressured reservoirs where”the fluid carries more of ‘the total stress than in a
normally pressured system (Atherton .and’ others,- 1976). Conversely,. lncreasmg fluid’
pressure by re-injecting- fluid' can cause the land surface to rebound although if this is
done after subsidence has already occurred, the amount of rebound is generally small

and temporary compared to prior subsidence.

The maximum verticalflowering-experienced;at a.hydrocarbon field was-8.75 m at
the Wilmington Field fln Cafllfornia and at a geothermal.field was 4.7 m at Wairakei,
New Zealand. The area affected depends on the lateral extent of the reservoir. The
vertical movements generally produce a depression centered over the area of fluid
- production. S - . o A

Horizontal moyernents in subsiding areas result from the horizontal components of
the motion assoaated w1th the deformatlon. They are-also assocxated -with the induced

horizontal gradlents in flu1d pressure and associated. seepage stresses. Movements are
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“characteristics of the reserv01r 1tself and of the overburden. ’l'able 7 grves a list: of -

f
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generally dxrected towards the center of. the sub51dence bowl. ’I'he greatest measured- e

horlzontal movement at a geothermal fleld was 0.8 m at Wa1rake1 (Stllwell and others,
1975, m Atherton, 1976) ’ '

" Factors Influencing SUbsidence_ R

The potential for land sub51dence followmg ﬂund w1thdrawal depends on the )

factors whxch influence subsrdence. A c0mpanson of those factors which contnbute to"

~ subsidence and those Wthh contrrbute to- stablhty suggest that the chances for.

subsidence in the Cuero area are hxgh,, as 70 percent of the« known factors that‘_b,

{
characterize the prospect area are sxmrlar to.those wh1ch may contnbute to- sub51dence..

This percentage, however, represents only 53 percent of the totaltnumber of factors to -

be considered and it is not yet ‘known if the remaining eight factors will contrlbute
towards subsidence or stablhty. Of those factors considered to be ma)or factors in.
subsidence or stability susceptlblhty, 55 percent of the known characterxstlcs would"
contribute to subsidence. This would only represent 41 percent 1f the three unknownf
major factors were to contrxbute to stability. It has, however, been suggested by Allen ~
and Mayuger (1969) thatlcompactablhty (lack of cementation) and an inability to resist

deformation in the reservoir rocks, plus a lack of internal support m the overburden, are

prime requisites of subsidence. The Cuero reservoir therefore has three major positive. - .

_characteristics contributing to stability: cementation of reservoiri sands, and thickne'ss_ '7

,(10,800 ft) and cementation of the overburden. '

The hlstory of deposxtxon and subsequent events for the WllCOX Formatmn are very‘

similar to those of the Frio Formation. Thus, ,descrlptxve models of sub51dence due to

- geothermal fluid withdrawal from the Frio Formatlon can be apphed to the Wilcox (see

White and others, 1978; Bebout and others, 1978)

Cementation of Reservoir Sandstone

The degree of cementatlon has a significant influence over reserv01r compactron.
and ultimately subsxdence. _Accordmg to. Allen and Ch1hngar1an“ (1975 in White’ and -
others, 1978) cementation is by far the smgle most 1mportant factor controlhng

(hmltmg) mechanical sandstone compacnon. . P

The sandstones in the reservmr are. expected to have undergone a rather complex :

history. of cementation, leachmg, and recementatlon at moderate 'to intermediate and
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Table 7. Factors tending to influence geothermal subsidence

(from Atherton and others,-1976) compared to factors
that characterize the Cuero prospect.area.

Factors charaé"teriztn
Factor type Factors WhICh may contn?ute Factors which may contnbute " prospect area 8

(°; '"3105 Qf’ﬁgﬁ’f};, SR, {12 sub51dence suscep to surface, stablll » maest (@ similapto characteristics
Cy AT “listed in column 2)

RESERVOIR.FLUID = "=+ a7 o0 g

@ Phase : : AH-quuid Vapor hqurd mixture (vapor ®L|qu1d domlnated
. ot i, et e e dOMiNated, toalesser _ R P
. N . T e . L R (Y Cw Fae . extent{ il B
Pressure = . . Geopressured (overpressured) Low (below. hydrostatlc) : ®Geopressured

Density R H|gh “Low : " “@High

ODissolved solids., .o cwoneon il High

O Temperature ' . : 275 313° F

PRODUCTION FLUID : :

eVolumes . = .. o Large ... e Small i Ceene e .- O Large .. .

o Fluid levelst » =" 7% Large drops Iong tlmew e No: drops i U S

: extensive areas . : i
© Pore pressures! Large drops, long time, " No drops _ . @ Large drops, long time,-
: s omiteas e oaEXTensiveareas .. on. - L S0 e s ooeXtensive.areas-. -
Formation fiashing =~ % None . Extenswe contmual flashmg ?

GEOHYDROLOGY A e e Ty el D DT U e o e ey
Natural recharge! ~  ~ ‘Lowrates. . _ = . . ngh rates .. 1oL

RESERVOIR MATERIALS , S . o

¢ Type Ceowe fes oy Sedimentse s Lo ce o Igneous or. metamarphic 7@ Sediments
Predominant grain srze Coarse o . —_— Lo Fine ..

Grain shape - Sk Angular F TR D e LU Rounded e T oRTE eAnguIar
Porosity—primary - 25-40% ., = crme Verylow. . Low |

—se¢ondary'©~ 7 High'" AU Low ' T T GBSecondary, 5-25%
® Consolidation/cementation- .. Unconsolidated,.lacking . .. Consolidated, cemented ... -. Cemented. -
o cementation (loose © + R ST e v
: Lo e ooooffriable) L L e e ‘

® Preconsolidation?>” =™ " “None S MuchT T T T T T e None
Hydrothermal.alteration - Present .. .. e . Abseat <o oo e oo @ Present
Admixed clay content : ?

(sorting)® -+ - : TaLT T o CoL

Admixed mmeral content ngh mlca, montmorlllomtlc None ) © ®Mixed-layer illite and

e o “clays . , =57 . montmorillonite in shales

Age : Mrocene and younger Older than Mlocene Eocene

L s o (22'millionyears) vt LT T

® Thickness (in communication) Great vertlcal section ) Small vertical sect|on ... . Small

@ Deformation properties* “ Highly'déformable’ -~ = = Slightly deformable =" - PR

ASSOCIATED. MATERIALS. R e Co G sl mmem .

Type Clays, siltstones, shales Volcanic flows and GBSandstones shales inter-
Occurrence .+ - - . .- Many thinistrata.of large total = shallow irtrusions = -.=* i~ "bedded: sandstones and

vertical thickness, interbedded shales of moderate thick-
with reservoir matenals but not - o e ness; intercommunication
impairing communication'be--  *-. - ‘ “between sands impaired
o _tween them (Iess susceptible if e by shales .
T ~distfibuted in"few thick strata) o ST

RESERVOIR GEOMETRY e Cseest oL, R R D N i :
Width/thickness ratio® Large ' Small ) ’ ® Large (for several wells)

OVERBURDEN . AR STy T S P T e N B N

o Thickness ., Small (<3000 ft) . .. Great. o ieoei iaeco - Great—10, 800

e Competence ~° " " Inccampetence unconsolidated” Competent consohdated " Possibly competent

e T e .. sediments :

@ Deformation properties® - Highly deformable Slightly deformable ?

Density High = - ] Low - Low

SITE GEOLOGY STRUCTURE :

Folding = "~ . ., 2 Gentle, broad, synclinal Sharp, anticlinal (arched) ®None orgentle broad
Flank dips - Less than 25° Greater than 25° @ Less than 25°
Faulting T - Normal, grabenblocks->i..¥ . .Reservé orthrust "7 I &Normal’

. Fracturing - Much, recentu , . Little, old, sealed . .
Regional stresses +~ “Tensional” ~= - 7 7 - Cormpressional © @Tensional " =~
Stratigraphy . ‘ L . T L

Depend(s) upon formatlon propertles, WhICh may be studled by prehmmary well tests T C U Ca e

Preconsohdated materlals have prevmusly experlenced loads greater than their present load

3f high pressures did not always accompany the presence of admixed clays in geopressured zones, they will be preconsolidated
4Elastic constants, compaction coefficient, yield stress, etc.

SOf the producing zone
6Can the overburden matenals possrbly respond more slowly than the reservmr materials below
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.geopressured depths (Bebout and others,t 1978) Secondary por051ty that may.. have .

occurred after the sandstones were under geopressured condmons may only . be

maintained while the: abnormal ‘pressures remaln. Late stage cementatlon, 1f of, the

clay mlneral kaohmte, could fall -as effectlve stress is 1ncreased. Thus, even 1f

reservoir sands’ are moderately well cemented, it'is possxble that alteratlons under'»

hydrothermal and geopressured condmons, coupled w1th locally 1ncomplete gram to. -

grain cementation, may leave "room" for. c}ompactlonaI deformatlon in sandstones when e

fluid pore pressures are. reduced Until cores have been taken and detaxled compresm-?__*' '

~blity tests conducted ‘the . questlon about cementatlon ‘and- compactlonal deformatlon' i

b . .. 1‘s

- cannot be adequately answered ' ; Co e

i . . - SR
i
i
[
N

Compaction of Reservoir Shales ! ' i.‘j | - L

Without significant compaction. in the sands in’ the . prospect area, subsrdence5~ _
would be dependent on- compactlon of the mudstone (shale) assoc1ated with the_
producmg sand reservoirs. . The net thlckness of shale within the proposed perforated }

interval of the test well 1s approxlmately, 400 ft of the l ,0U5 ft production - 1nteryal‘ '

The shales are mostly in thin layers 1nterbedded with the standstones.' The relatively

small sequence of shale and’ the fact that they are mterbedded may- minim'ize"their'

Il

contribution to subsidence. S ! i : N

QOverburden

Thlckness. The depths, 3, 338 to 3, 658 m (lO 950 to 12 OOO ft) (Bebout and others, o

1978), from which geopressured geothermal flu1ds will be produced in the prospect area,:u-‘

exceed the productlon depths of most areas ‘that have sub51dedun response to ﬂurdv_,'_ =

~withdrawal (White and others, .1978). " The importance of overburden thrckness in

resisting subsidence is noted by Atherton and others (1976): | ‘

h

3 B . .
a very small increase in overburden thickness substantially reduces its tendency to. -

. deform. Second, expansion may occur within the overburden to compensate for .- - ’

the contraction of the reservoir rmaterials (Allen, 1968). The thicker the
overburden, the less compactlon is llkely to be transmitted to the surface.

Cementation of Overburden. In addrtlon to the p051t1ve factor of hav1ng a thlck |

overburden, the amount of cementatlon ‘in overburden’ sandstones at moderate to
intermediate depths may help *prevent deformatron and subsequent translatxon of.

reservoir compaction into surface subsrdence. Bebout and others (1978) note- that'

prec1p1tat10n of calcite and quartz has reduced poros1ty to less than 5. percent in

sandstones at shallow to mtermedlate depths in the Frio, and 1f this high degree of_'
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: cementatlon is- also ~found.in« the WIICOX it should‘~prov1de relattvely ngld sedlmentary

g Lo
el T T WA

layers.above the: productmn izones ¢ cnlin

. The- factor “that’ w1ll counteract ‘and perhaps override the resxstance to deforma-

tion by well-cemented overburden 1s the presence of growth faults Wthh are planes of'

TR

weakness in the prospect area. - -

.,...‘).“ ;

Possible Magnitude. of.:S;ubsidence:fBased onv»Expe:c,ted:"~ Reservoir _'Characteristics
Acc0rd1ng to.. Geertsma (1973), "a 51zable degree ‘of compactlon ‘can’ be expected
even in hard rock-for:the particular condmons of large pore-pressuve reductlons and. a‘:- ‘
sufficiently large producing interval." The amount of reservoir compaction that is- -
translated ‘to the surface as subsidence,;_.fhgw_ev,glj,' must also be related to the production
depth .and the radius of the production zone. White and others (1978), estimating
subsidence for;.the-similar- Brazorla ‘County reservoir, used equations from Geertsma
(1973) 1o predlct the order of magmtude of subsidence resulting.. from reservoir sand.
compacnon that may accompany ‘geopressured geothermal fluid producnon from ‘a
smgle test well The followmg amounts of surface. subsidence from-sand compaction at
the 51te of the test weu are 1nd1cated by these calculations: . 11.9 cm (4.7 in) after two
years ‘of flruld productlon and 14 7 cm (5. 8 m) after .a 5 year period of production. It
. should be empha51zed that many assumptions were_made, with. _respect. to both the
equatlon and the values used m solvmg it. Although not considered in these calculations
potentlai subsxdence accompanymg compact1on .of. shales mterbedded w1th reserv01r

sandstones could be more 31gn1f1cant than. that associated. W1th reservoir sands. ;..

Also, it was assumed that;‘,sub51dence"-would occur without fault” actlvat.ion-—:if"
faulting-;gshould»-occur .and-compartmentalize “subsidence, it would:be expected that a
greater. depth- of subsidence would ‘occur -over. a- srnallerare€a+(see Fault Acthzation,
befow) For a fuller discuSsion of the equations and methods used, see White and others,
1978,. "Envu‘onmental analy51s :0f geopressured geothermal prospect areas Brazorxa &

Kenedy Countles, Texas."'_h_c-' S

Effects of Sub51dence

: The effects of sub51dence ‘without faultmg would depend on the amount of
dlsplacement that occurred, the time span over which it occurred and the. surface
features of the land wh1ch subsided. A lowermg of the land surface by a few inches

over a number of years would have minimal effects, especially on sloping land surfaces.




not from mduced tectonic actnvrty.
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On the other hand, sub51dence in a ﬂat area might alter dramage patterns and
consequently affect vegetation types and farming, and increase the frequency or éxtent
of ﬂoodmg in low-lying areas. Plpelmes could be ruptured 11f stretched by land

movements, and buildings mxght suffer structural damage from settlmg
FAULTS T | |

i
]
!

Description

The Gulf Coast is a tectomcally 1nact1ve area, and the growth faults that are” )
present ‘at’ depth are a result of ‘the periodic - slumpmg of sed1ments as- deposmon
increased the load above them. wFaults on-the Gulf Coast are therefore only expected to

become actlve as a result of dxfferentxal sub51dence on elther side 'of the fault zone and

Deep Faults o - - ';

The Cuero reservoir is bounded by'two north-east south-—west trending faults in
the Wilcox that dip towards the coast (fig. lO) Several other faults are found at similar
depths 3,338 to 3,658 m (10,950 to 12,000 ft) in the Cuero studyfarea (Geomap, 1979;
Bebout, 1978). These faults are roughly parallel to each other andtto the coast, and are
simlar to others along the Texas Gulf Coast in being down-to-basin growth faults that
dip steeply nearer the surface and flatten and converge to depth. Deep. faults were
mapped at 2,070 to 2,440 m. (6,800 to 8, OOO ft) at the top of the Wilcox formation (from

Geomap, 1979). - .ft

Near Surface Faults

Deep faults such as those 1n the reservoir area could extend to the land surface
where they would be expressed through subtle geomorphic features such as lineations
and rectilinear stream-dramage networks (Kreitler, 1976). Recent movement along -
near-surface faults in many areas of the Gulf Coast is greater tha‘n in the past and has
been attributed to the extract'on of oil, gas and ground water (Krettler, 1976). The
Tectonic Map of the. United States {USGS, 1962) shows one of the f1aults of the Mirando-
Provident City Fault Zone as occurrmg in the vicinity of the Cuero study area although
the scale is too small to enable accurate location of the fault w‘lthm the study area.
Recent studies of cross sectxons in DeW1tt and surrounding counties suggest the

presence of several near surface faults (Solis, 1979). The Hodston Area Test Site
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project«(1973)-mapped a-number of surface lineations in.the Cuero-area. ‘Most of these

run parallel to the strike of growth faults that occur at depth. Rectilinear stream

drainage is not apparent.

A cross sec_tional.profi‘le was constructed from electric logs of-oil-and.gas wells in
an attempt to.-identify rnear»surface' faults .(fig. :L1).. This cross rsection .shows .a‘
thickening of sediments between wells four and seven:that would-not be.expected from
the depositional slope of thebeds ‘alone,zand thus -suggestsi'»the;presence:of.a fault. This
evidence -can :be det'ected_f:‘fto within :1,000 ft of the surface (ice., in the Oakville
Formation): It was ,-not,pose»itxle to ‘map :che fault in-the study -area :as-there was a lack

Va of near:surface well data.

. Fault -Activation

Fault Activation =from"Fluid‘;{WithdrawaL .

Production of fluids accompanied by compaction of the reservoir can result ‘in
movement along fault zone_s. Kreitler (1977) analyzed a number of faults in the
Houston-Galveston area Wthh were activated primarily by ground-water production.
He found that ‘the faﬁflts act as pa'rtial hydrologic barriers to fluid m‘igration from one
side of a fault to the other side. When fluid removal occurs on only one side of a fault

_ (as-will occur with the test well), decline in pore pressure ‘~and'compaction of sediments -
is greater on the production side-of the fault. Thus the fault acts as-a-barrier to lateral.
transference of -the..ef-f.ec'fis of .Aﬂuid production, .and.' tends to compartmentalize
subsidence. Since the reservoir ‘is bounded by faults, subsidence might be limited- to the

~-zone between ‘these faults. .-Effective eompartmentalizaton of- sub51dence would be
reduced if Jayers-of sedlments with similar-porosity and:permeability commumcate with
each other across the fault,:or if.a great deal of subsidence.were to:occur. -

¢

Fault Activation from Fluid'Disposal - -

Disposal of the geothermal brines into reservoirs containing faults may lubricate
these faults causmg movement along them. InCreased fluid pressure within disposal
reservoirs may “also mcrease stress along exlstmg fault planes agaln resultmg in

movement across the faults.
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Effects of Eaul‘t Activation

If fault activation resu'l»ted in propagation of the fault to the surf_ace, its surface
expression' could therefore be a. zone of differential subsidence. Such surface
movement of faults could 'be damaging to man-made structures. occurring along or
across this zone. For this: reason an attempt was made to show where the faults
‘surrounding the reservoir rnight appear at the surface. Because the faultlplanes are
curvilinear, with the angle:of. dip_ increasing' towards the earth's surface, subsurface
faults were projected upwa_rds at angles of 45° and 60°‘fin an effort to locate a zone
within which: any,-surface-expres,s:_ion':of the faQIts. would be likelyv to occur. rThe range in
angles of projection are in. agreement withangles‘o_f‘-faults reportedf by Quarles (1953)
and Bruce (l9t73); Kreitler (:1976; 1977) extrapolated faults at 45° and found good‘
coincidence between extrapolated~faults»and surface faults and lineations. The zones of
possible surface expression for, these faults can be seen on figure 12. ‘Surface facilities
that could be affeoted by movement along the faults bounding the reservoir include
paved roads, p1pehnes, the New Orleans Southern Railway, and the few buildings to the
southeast. of the Cuero c1ty limit. Should, however, a 51gn1f1cant amount of subsidence
be transferred: acr.ossu this: fault: and. result in differential setthng along the next fault
zone, it is possible-that the city. of Cuero could be affected, as the surface expression

of this fault would run through the southwest side of the city (fig. 12).

Location of the Test: Well' on the Basis of Subsidence and Faulting Activation

The current state of knowledge about the potential for, and possible effects of,
subsxdence and. faulting is such-that there is no reliable way-to reduce the potential for.
subsidence; although. careful location of the well;may. help to minimize adverse effects
on vulnerable areas. As in most: cas_es, subsidence bowls produced by fluid withdrawal
are centered around the.area of maximum production. (Atherton and others, 1976) an
effort can be made to locate the well away from areas that would be most affected by
subsidence. For- example, locations. near Cuero would increase the-risk.of- damage to
rigid structures in.the city.. Low-lying areas whose-susceptibility to flooding would be
increased. by subsidence ar‘e;?l'e,ss,. appropriate locations for a test well than are upland

areas,.and flat land less- appropriate than sloping land..
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" HYDROLOGY "

The necessity of prodUcing"”vand dispoSing'of large quantities ‘of hot saline water in
geopressured geothermal 'ener’gy'" development emphasizes the need for mapping and
'descrlbmg ground- and surface-water resources in order to evaluate how they may be -

affected should geothermal ﬂuxds come into contact with them. -

Current plans with respect to the test well call for fluid production of up to
40,000 barrels a day. The water will be dlsposed of by rem]ecnon via dxsposal wells,
into salt-water bear1ng formatlons that do not contam gas, orl or geothermal resources.':
This method of dlsposal is con51dered env1ronmentally the: most acceptable as. surface ‘.

and near surface waters are less hkely to be affected.

GROUNDWATER!
Description
Aguifers

The geologic formations COntaining_ fre'sn to slightly saline (3,000 ppm) water in
DeWitt County include the Cata.houla Tuff, Oakville Sandstone, Fleming Formation and -
the Goliad Sand (fig. 13). ‘These stratigraphic units are‘hydrologically interconnected
and have been called collect1ver the Gulf Coast aquifer. " More recent - aquifer
delmeatlon identifies 5 umts underlylng DeWitt County, which, although correspondmg :
approximately to geologlc umts in this area, are not restrlcted to time-stratigraphic
boundaries but are hthologlcally or hydrologically defined (Baker, 1978). The geologic

formations and the aqu1fers Wthh approximately correspond to them are hsted below:

- The following discussion on the water resources of DeWitt County comes largely
from a Texas Department- of Water Resources report by Follett and Gabrysch (1965).
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Hydrogeologic Unit ' P B | Approklmate Stratigraphic Unit
I " Willis Sand ‘
. Goliad Sand

Chicot Aquifer
Evangeline Aquifer

Burkeville Confmmg System I _ Fleming Formation -
Jasper [ o Oakville Sandstone
Catahoula Confining 'Systern' [ '_ : _ Catahoula: =

f
In keepmg with modern deflmtlon and termmology, the aqu1fers will hereafter- be

referred to by their hydrologlc rather than stratlgraphlc names.

‘The Catahoula conflmng system is not a 51gmf1cant aqu1fer ‘in DeWxtt County,
although near the. outcrop area in the northwest part of the “county the base of fresh to
slightly saline water approxrmates the base of the Catahoula, this zone thins rapidly and
becomes moderately salme along a line that éxtends roughly. northeastward from
Yorktown to Cuero, extendmg somewhat further downdip northeast of Cuero. This
aquifer is therefore not 51gn1tlcant within the study area although it supplies variable
-quantities of water for domej‘stic and stock purposes to wells in its outcrop area and a

few miles downdip.

The Jasper is one of the principal aquifers in DeWitt County. Corresponding
largely to the Oakville Sandstone, it has a maximum thickness of about 290 m (950 ft),
and con51sts largely of crossbedded sands with lesser amounts of sandy clay and marls.
It supplies up to 1,000 gallons per minute (gpm) of water to wells primarily for
municipal and irrigation supply, although, in the study area, 1t is . mamly used for.
domestic consumption. Fresh to sllghtly saline water extends to a depth of about 550

m (1, 800 ft) in the eastern part of the county. '

The Burkevrlle conflmng system corresponds approxlmately to -the Flemmg
Formation which consists of clay and sandy clay and lnterbedded clay, sandstone,
gravel, and conglomerate. The sand beds of this aquifer yleld small to moderate
supplies of water, but larger yxelds, as much as 800 gpm have been reported. Most of
the municipal supplies- of Yoakum and a small part of Cuero's are obtamed from this

: aqu;fer

The Evangeline aqu1fer comc1des largely with the Goliad Sand Wthh outcrops in
the ‘southern and southeastern parts of the county, and thus the Evangeline supplies
many of the shallower water wells in the study area. This aquifer has a maximum
thickness of about 152 m (500 ft) in the southeastern part of DeWitt County and

o
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_Altitude of Water Table

consists primarily of sand and sandstone interbedded with clay and ‘gravel. Many wells
of small capacity obtain water from this aquifer for dome‘sticl and stock supphes

Shallow aquifers-occur in the floodplain terraces of the Guadalupe River.

The groundwater in DeWitt County has a low velocity of movement. In 1962 the

‘hydraulic gradient of the Gulf Coast aqu1fer in the county was O 36 m/km (1.9 ft/mi)

and transmitted about 7, 500 acre—feet of water per year which was more than tw1c:e the

1962 (3,500 acre-feet) pumpage rate.

“

: l
As there were no data on altitudes of the water table in DeWitt County this was
: . - - 1

mapped using information from lOO water wells located in the study area. The altitude -

of the water table in the study area ranges from less than 100, ft (above sea level) in

parts of the Guadalupe River Valley to over 75 m (250 £t) in some of the higher areas
(fig. 14). Some unreliability was inherent in this process, as measurements ‘taken range

from 1931 to 1978; the problem lS further confused by some of the wells being under

“variable amounts of arte51an pressure. The fact that the contours ‘of the water table

~altitude correlate relatively well with ‘the relief in the area suggests although the

information may not be accurate in detail, that the general trend 1s probably reliable.

Depth of Fresh to Slightly Saline Water i

Jt

The Gulf Coast Reservoir contams fresh to shghtly saline water to depths ranging
from 245 m (800 ft) 122 m (400 ft) below sea level in the north\vest of the.county to
slightly more than 660 m (1,800 ft) 520 m (1,700 ft) (518 m) below sea level in. the

‘southeast, the range within the study area being approximately 365 to 460 m (1,200 to

1,500 ft) 275 to 430 m (900 to 1,400 ft) below sea level (fig. 15). The thickness of fresh
f

to slightly saline water-bearing sands ranges from 61 m (200 ft) in the northwest of the

county to 152 m (500 ft) in the. south and east ranging from aboult 90 to 140 m (300 to‘

l
450 ft) in the study area. j
i

i

l

Chemical analy51s of. the groundwater used in DeWitt County shows that it is of

Groundwater Quality™ N

good chemlcal quality, but with a tendency to hardness above a depth of 183 m (600 ft)
(Table 8) Wells within the study area are generally used for domestlc or stock purposes .
with a few used for irrigation, and four of those w1th1n Cuero for pubhc supply There

are also many unused wells and wells. for whichthese data are not avatlable.
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Table 8. Chemical analyses of water from wells in the Cuero study area.’

Depth . ... Sodium o . S°diu"j Residual  Specific
W% coliecian bearng f3 8 Cfeym Shim 304 ponagy Slfte ue” FluardeNitate Boron iCy et odmm“‘t’.’;’"’ oaum, Sondue ph se
el an 2 (M) RaskpHCod PO (ci) solids CaCOj (rsa:g) ('Rsc) at 25°C)
67-61-601° 120 3-23-36 To ~— —— 106 16 88 266 36 188 —— ——  —— 565. 330 —— ——  —— —  — 5
6022 100 do T — — 93 6 - 24 305 44 ——  —— = 317 259 — —- — -— -5
67-62-104 86 1- 8-63 To 35 —— 211 31 173290 37 522 07 20 —— 1,170 654 37 29 000 2,130 68 S
203* 874 9-16-48 TL,To 17 0.18 18 22 234 390 128 128 09 04 —— 633 53 —— —— = ~— 81 P
204 296 6-11-59 T, To 20 —— 30 85 169 379- 50 81 05 00 —= 545 110- 77 7.0 4.0 915 7.6 N
205> 62 3-15-36 TI —— —— 190 25 151 427 64 345 —— ——  —— 985 575 —— ——  —— —  — N
206> 26 4-15-36 Qa ——  —— 228 25 280 464 119 550 —— —— —— 1430 670 — ——  —— — = N
207 1,173 9-14-37 To. —— —— 50 15 290 500 - 58 245 — —~  —— 904 184  ——' =  —— — = P
208> 1,165 _ do To —— — 2 .1 346 500 26 232 — —— —— 853 11.-— —— _ — =N
67-62-209° 1,160 3-28-36 To . — —— 6 1 398 567 ' 300 —— —— —— 984 21 —— ——  —— = __ N
T 2100 912 61159 To 15 014 127035 251 412 41 148 13 00 12 677 44 92 16 58 1,160 1.7 P
215 39 1-9-63 Qa 28 —— 184 14 163 .304 46 368 02 68 - 1,020 516 41 ‘3.1 _ 0.00 1,800 . 7.0 DS
216 30 do ' Qa 46 —-— 328 51 439 328 188 1070 —— 12  —— 2,300.1,030 48 59  0.00 - 2930 69 DS
7301 1,207 12-22-44 To,Tct 25 0.6 8.8 1.4 418 565 1.1 334 04 02 —— 1070 28 957 34 870 11,890 8P
302° 780 10- 1-58 To —— 0.1 10 12 246 346 . 32 132 — — —— 566 30 —— —— - — 78
304" 1,353 3-28-36 To,Tct — —— 6 1 586 684 ' 520 ==  ——  —— 1,449 20..-= —  —— — ==
305 7810-11-62 Tl 38 —— 154 - 14 . 160 335 46 318 0.5 21 —— 916 442. 44 33 000 1580 65 DS
401> 171 3<23-36 T =~ — 63 15 40 293 7 48 —  —— = 310 219 == —— - —_—  — 5.
402 171 do. Tl —— —— 75 15 77 183 56 148 — —— - —— 461 250 -— . ——  —— ~=  ——DS
502° 38 4-10-63 Qa 34 —— 120 - 39 .29 238 30 56 02 90 —— 480 316, 17 07  0.00 777 72 1D5
'903® 106 5-5-37 T == —— 76 10 .47 146 26 60 —— 120 —— - 411 225 -~ ~X  —  ——  —=DS
63-401  5510-23-62 - TI 54 —— 136 11 59 358 33 100 04 54 —— 678 384 25 13 000 1,000 69D05
502 © 307 do T 25 001 56 53 35 -218 11 33 0.4 1.0 01 274 162 31 12 034 457 7.2 Ter
79-06-101%%220-510 1-56 T# = — —— —— —— 17 220 10 26 —— —— —— 350192 16 ——  — - 80 &
290-310 1-56 TI —— -~ —— . —— 68 290 15 45 —— —— —— 48 170 47 | —— —— —— 80 I
400-440 1-56 = Tl —— —— —— —— 8 329 11 48 — —— —— 538 160 54 ——  —— L= 79 ¢
500-585 1-56 ~T| ~—— —— —— —— 95 278 7 .73 —— —— —— 506 132 61 — . —— — 80
102° 72 9-27-62 Tt 26 — 115 68 28 276 96 71 —— 50 —— 442 315 16 07  0.00 766 6.7 D,S
202 283 6-11-59 Tg,TI 33 —— 58 98 S50 221 18 66 0.3 15 006 349 184 37 1.6 0.0 594 . 7.1 ler
205> 110 4-25-37 T — — 11 16 115 183 30 110 —— —— 383 95 = -~ _— . - . ——DS
407 31511-20-62 TI 29 1.3 80 16 80 332 26 98 0.6 18 — -494 266 40 21 0.3 855 6.9 DS

tnd|

Analyses given are in parts per mllllon except speC|f|c conductance, pH percent sodium, sod;um-adsorptlon rauo, and residual sod:um carbonate

) 250dium and potassium calculated as sodium {Na). Analyses by the WPA were done by methods not sufficiently accurate for resuits to be closely comparable to those of later

Analyses by Texas Department of Health.

SAnalyse_s by Western Filter Co,

USE: S=Stock D=Domestic

v

analyses, but they may be used to estrmate the generaly quahty of the water,

6Samplé from indicated interval.
Ind=1ndustrial

. 7Sulfate less than 10 ppm

Irr=Irrigation P=Public supply N= N_one used.

8Nitrate less than 20 ppm.
. SOURCE: Follettand Gabrysch (1955)

9Located ]USt outslde study area.
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Salinity
_ A general classxhcauon of water based on total dlssolved sohd (TDS) content
(Swinson and Baldwin, 1965) 1s.‘ ' ‘

Dissolved soﬁds,,

Description , b ~ parts per million (ppm) -
Fresh ‘ ' Less than l,%;',OOO
Slightly saline L ; ~ 1,000-3,000 |
Moderately saline o ;; ~ 3,000-10 ooo

 Very saline o o 10,000-35, ooo

Brine . e . 35000
. Eﬁ -
The TDS of the 144 water well samples tested in Dertt* County (1965 report)
range from 190 to 2,240 ppm, exceedmg 1,000 ppm in only 16 samples (see ‘table 9). Of
the 28 wells within or on the perlphery of the study area the sahtmty was over 1,000 in

6, all of these occurrmg in the ‘northern corner of the area, north of nghway 87 and

" ranging in depth from 8 to 412 m (26 to 1 ,353 ft). The dlstnbutlon of wells within the =

study area is, however, sparse, iew momtormg wells occurring within the prospect area"
(fig. 14).

Chemical Composition

The precise chemlcal composmon of wells w1th1n the study area can be found in

table 8 With the ‘possible exception of well number- 216 that has hlgh calcium .and -
l
chloride values, the quality of the water in the study area tends to be within the

recommended standards for its ‘vanous uses. The levels of boron have often not been

measured, but where they havei, they fall well within recommended hmxts as they do
throughout the county. A }, |

§
i
i

Aquifer Recharge

The principal source of recharge to aquxfers is the 1nf11trat1on of rainfall in their
outcrop areas; much of the study area is therefore a recharge- zone for the Evangelme.
The Burkeville confining system outcrops less extensively as ja narrow, relatively

steeply sloping band along the valley of the Guadalupe vaer and itherefore probably is

~ not significantly recharged in thlS area. It is likely that the swallow floodplain and

terrace aquifers are locally recharged
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Table 9. Diséhéﬁ‘gé of the Guadalupe River at Cuero, Texas."
* - U.S.G.S. Station-08175800 '

o “cu. ft./sec. ,
Year - High ~ -+~ . = Low - Daily Average

1964 | | ‘ f3;67o' ' N S ez
1965 . €7;6oo -:,;V"n R T 12,077
1966 . o  €3;?70-ff1:g,g‘ L s A J“;»‘; R
1967 — 9,0 - 79 :,;f:v o Luo2
1968 159,960'v: -_' 670 | 2,545
1969 “' , §3,3oo . S 7Y/ S 1,724
1970 - f9;Q§O | o 621 ' 52
1971 - 56,880' ' 151 S 982
1972 ' vﬁe,zoo | 719 o 2,105
1973 ‘ ﬁu,uoo , 82 3,510
1976 , 10,300 648 2,09
1975 . {6,200 | 790 R 2,945

1976 (1-9) 13,700 714

Source: U.S.G.S. Daily Stréamflow Data
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Although depth to the water tablé is an important factor in the problem of

ground water contamination, many other factors that influenceé 1nf11tratlon and percola-

tion rates could also be sxgmﬁcant in determining vulnerability ofg,a specific site to this

problem.

The factors include:1

Factor

Charac;teristics of
Greater Hazard
. I

Char‘acteristics of
Lesser Hazard

*1.

Soil .

‘d. -Surface texture *
b. Subsurface texture.

Tillage

3. Vegetation cover

x5,
*6,

*7.

. Season
W