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EXECUTIVE SUMMARY

The Bureau of Economic Geology, The University of Texas at Austin, conducted
preliminary investigations of the geology and_ hydrology of northern Hudsbeth County
for the Texas Low-Level Radioactive Waste Disposal Authority.. The Authority had
prevrously ldentlfed two sites, HU1A and HU1B, as possnble sites for an above-ground
disposal facility for Iow-level radioactive wastes.

Regional and site-specific investigations were conduc'ted to chara‘»'cterize the

geology and hydrologyvofiHUlA andﬁHUlB. The two sites are underlain by different
| bedrock lithologies covered by ailuvium.vwhich necessitated drilling for site-specific
' investigations. Because of the lack of exposed bedrock, studies of the regional’
geologic setting were used toinfer“ the probable nature of the .b‘e'drock geologic
environment at each site. Hydrologic studies were predominantly regional because of
the limited data available at either site and the availability of water-level data and
~ water samples from previously drilled wells in the region. B

Subsurface lithoiogies at HU1A and HU1B are Precambrian rhyolite porphyry and
Cretaceous limestone mterbedded with some silty and muddy interbeds, respectwely
The rhyolrte porphyry is very fractured the fractures strike in many directions and dip
from vertical to horizontal. Most fractures‘contain no mineral fillings, i'ndicating that
ithey are not s‘eaied.', Cretaceous limestone at HU1B .is not as fractured'as the
rhyolite porphyry at HU1A. There is evidence of carbonate dissolution and formation |
of some solution permeability. | |

The Babb flexure is north of both sites; however fractures‘ that are evident
avvay from the mferred margins of the flexure may be related to flexure deformation
The ﬂexure may be the Permlan or post-Permian expressron of a major pre Permian

strike-slip fault (Hodges., 1975). It is unknown if Cretaceous rocks have been warped



‘by recurrent movement along the structure |
Reglonal ground water flow is from southwest to northeast The ground water

divide is not located along the Babb flexure but is close to the southern edge of the

Diablo Plateau, an escarpment that overlooks the Rro Grande basm Two aqurfers are

: present a shallow aqunfer in the southwestern area wrth depths‘ to water generally '

less than 200 ft (61 m) and a deeper aqurfer through most of the region wrth depths = “

to water of as_ much as 700 ft (213 m)

Recharge occurs over the entlre study area and rs not restrrcted to the Updlp -
part of the potentlometrlc surface in the areas of hrgher elevatron ' Trltlum occurs lnb.-,:i'«
} nearly all wells regardless of thelr locatlon wrthln the regronal water table. Most-

- recharge probably occurs durmg flooding of .the arroyos t‘hat traverse the plateau.

* Recharge along fractures permlts recently recharged water to move rapldly through a

 thick unsaturated sectlon “Three separate fracture sets were rdentll'ed dunng pumpmg
"tests '(PT) no 1 and no. 6 of of thrs study. ‘Because of the fracture ‘control on' B
ground-water flow flow velocrtles cannot be estrmated but are: expected to be hrgh
Dlscharge |s erther by evaporatlon on the salt flats or through pumpmg wells.

"The shallower aqurfer may or may not be present at elther srte though it lS not‘
;used in the vucrmty of erther site. Depth to ground water in the deeper aqurfer
",beneath the srtes is probably greater than 600 ft (183 m) Fractures in bedr0ck “)
beneath the arroyos are important . pathways for recharge rn ‘the vrcmmes of the srtes 5
as has been documented through chlorlde analysrs and vadose permeablllty tests.
7 Floodlng down Antelope Draw whrch bounds srte HUlA may be very mtense
b _for short duratlons and consrderatron should be grven to any srtlng wrth respect to

thls potentlal ﬂoodmg



INTRODUCTION

In June 1986 the Bureau of Economic Geology (BEG) was asked by the Texas
Low-Level Radioactive Waste Disposal Authority to conduct a preliminary study of the
geology and hydrology' of‘two sitevs»»bei»ng con‘sidéred' for construction of a low-level
radioactive waste repositvoryv. Both sites are Iocated in'northiéranudspeth County, |
Texas. ' |

The rocks below potential sites are Precambr_ian rhyolite porphyry and Cretaceous
limestone interbedded with Sqme sandstone and mudstone. The geologic i}nvestigation.s
provide data for évaluation of the general geologic framewor‘kb of the propoéed. sites

“and provide site-specific data for evaluation of the physical and structural character of
the rock units.

.The hydrologic investigations address the fo'llo'Wing questions:

(1) Are there ahy regional aquirfe'rs‘ below these sites? >Aquifers are defined asv
~water-bearing formations capable of producing wéter from a well.

(2) What is thé thickness of the unsatﬁrated zone (the depth to the uppermost
regional ground-w‘ater table) at ea‘ch' site? What is the ‘perme-ability of the
unsaturated zone? Are there fracture zones in the unéaturaféd zone in‘wh'ich water
and solute migrafio'n could be rapid?

- (3) What are the flow directions of ground’wat‘er in the a}quifer's?’

(4) What is the residence time of water in the"'regiohal’ aquifers?

(5) What are the methods and rates of recharge to these aquifers? ‘wa much
of the recharge vcomes'fn‘)m_ direct precipitation and ;urface ‘floo‘ding?‘ How mﬁch .
recharge water could percol'ai:e through the vadose zone?

. (6)  Where are the discharge points (natural and wells) of thesé aquifers. and
what is their distance from the‘site? | |

Hydrogeologic study of both_ the unsaturated and saturated zones at each site

was conducted to provide an initial assessment of these questions.



C. w. ‘Kreitler andHJ. A. Raney are co-pfincipal investigators for the hydfologic
and geologic studies. W. F. Mullican Il investigated the hydrology of the sites and
supérViSed drilling programs. E. W. Collins studied the geology of the area. R. Nativ
assisted with the intebrpretation of the chemical and‘isotopic analysis and the pumping
tests. We are appreciative of the cooperation of the local landowners dufing our

investigations. -

SITE INVESTIGATIONS

Locati‘on

The Texés Low-LeveI Radio.active' Waste Disposél Authority selected two sites
(HU1A and HU1B) within an area in Hudspeth County, Texas. for consideration as
o the location of a low-level radioactive waste reposit‘ory. The sites are on land owned
and a-dministeréd by The University of Texas System and are locavted approximately
15 mi (24 km) west of the Salt Baﬁin in the vicinity of the Pump Station Hills on
University Block K, sections 5, 6, 7. and 8, and University Block N, sections 16, 17.
31, 32. and 33, respectively (fig. 1). HU1A and HU1B are in the Hueco Stafipn and
Scratch Ranch 7.5—minu'te quadrangles, respectively. Site HUlA is. 2 mi (3 km) southv
of the in’terserctién of U.S. Highway 62-180 and Ranch-to-Market Road 1111. Site
HleB‘ is about 1.5 mi »(2.4 km) south of Sératch Ranch. Precambrian rhyolite
porphyry bedrock. isb part_ly cove‘redv by alluvium af HU1A, whereas at \HUIB élluvium
covers Cretéceous limestone interbedded with sbme sands't‘o'ne and mudstone. Both

sites can be accessed from Ranch-to-Market Road 1111.
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Methods

Aenal photographs at a scale of 1:12, 000 (1"inch~ = 1,000 ft, 1 cm = 120 m)
were acqunred for a Iarge area in the vncmrty of the sites. The interpretations ‘of the
' aerlal photographs ‘were compared with- pubhshed maps Field studies refi,ned"‘

'mterpretatlons made from aerlal photographs and fracture data were coIIected

Water-level data for the reglonal aquers near the proposed sutes were collected

o from ‘several sources and are presented in appendlx 1 Thlrty fve statlc water-level L

values were obtamed enther by direct measurement using an electrlc water probe andw

steel tape or from mformatlon provnded by the well owner (fig: 2) Data for the Dell

~City and Salt Basun areas were taken from Texas Natural Resources Informatlon’

k'System (TNRIS) computerrzed data base and from Nlelson and Sharp (1985) and

5 Boyd and Krertler (1986) Informatlon on the Fort Hancock area, southwest of the‘ .

’ study sntes had prevrously been collected by BEG personnel (Kreltler and others
) 1986b) | |
No data were avallable on porosutles hydraullc conductlvmes or transmrsswltles

- of the unsaturated or saturated zones at the sites.

Drilling Prograiiis

The first vdrilling prograrn conducted m July-AUgust 1986 at. sites HUlA‘ and

'_HUlB was desngned to provude data on the. subsurface stratlgraphy and rockv :

'.fcharactenstlcs at the 5|tes and to drill boreholes for hydrologuc testmg ' The second_ |

dnllmg program accompllshed in January 1987 was desngned specrf‘cally for- chlor|de _ |
prof.le' “m-vest_lgatlons at HU1B. This second program‘was performed-wnh the BEG |
~drilling rig. Results o_f'the"*se inve'st‘iygations are included in the recharge section of this

“report and“in ‘appendix 9.



Byrl Binkley, driIling contractor, drilled four test holes to co}nplete' initial drilling
objectives. At each site a 150-ft,(45.7—m) deep stratigraphic ‘test ‘hole was d_rilledv
(HU1A-BEG#1 and HU1B-BEG#1). and continuous core from top of bedrock to total
depth was recovered to characterize the nature of the subsurface bedrock. The top of ‘
unweathered bedrock was determined at each site, and 15 ft (4.5 m) west of each
stratigrabhi‘c,test hole, a _permeabflity‘test hole was cored 1(HU1A-BEG#2 and HU1B-
BEG#2) to the top of unweathered bedrock. Casing was run to bottom and
cemented to surface in each permeability test hole, and an additional 30 ft (9.1 m)
was cored below casing. Constant head permeability tests were conducted for the
intervals below casing to determine the hydraulic Conduct’ivity‘ of the Unweathefed
section of the unsaturated zone (appendix 2). | |

| The permeability test holés were drilled with fresh water circulated ‘only once
instead of ubsing a gel-based mud system. This proce‘dure was used to reduce
potential contamination by mud-cake buildup‘ on the walls of the borehole. The
nature of the rhyolite and<densé limestone prevented use Ao_f'ai_r for circulation as
tremendous heat buildup occurred oﬁ the cofing bit while drilling with cvompressed}air.
It was determined that drilling with compressed air was not feasible, and_the system
was converted to fresh water. | |

Previous drilling of the shallow subsurface (Dames and Moére. 1985) at both
sites,docunﬁented var,iabiyl‘ity in ‘thickness’ of bedrock cover and depths of weathered
bedrock. Permeability tests on such héiérogeneous units may be of only local
si}gnifi‘cance‘and not app|iéab|e to the site as a who|e; Unweatheted rhyolite
penetrated at HUlA, however, may be very homogeneous (assuming- uniform fracture
distribution). and~per'me_ability tests on this ivnterval could‘se'applicable to a larger ;
area. The heterogeneity of alluvial cover ‘and wéathered bedrock'strata at‘HUlB a'lso-

indicates that permeability tests on these units are of only local significance.



Figure 2. Surface draihage and location of wells within the svtudy area. Thirty water
level measurements were taken, as were 30 bground»--water samples that were énalyzed
for general bchemistry. 6180. 6D>,_triti’um. 6345. 613C. and 14¢. Water level data and
- chemical analyses of ground water in the Del City area taken from Texas Natural
‘Resources Information Srystem- (TNRIS), Nielson and Sharp (1985). and Boyd and

Kreitler (in press).



et !
J / H
wyg °
1wor 0
(9 puo ‘g'j s821pUBddD B8S)
s1SA|ouD [021WaYd Joj pajdwids Jospup
HUBWBINSDAW [8A3] JBIOM 10} PASN [jam 1S1717 4 N
NOILYNVdX3
I *
_ o
|
| e
act
s
Sy
| -
[
.
o7
L S
., VA lrom T {
Ofe p / _\ - +
4 .
0217 { . N/ nwvinnow |
I Y - K 3LINYHO i
. _ Y - r 21+
- sigT+ - U R .\W& / - /
. i cw/ P \WW r -
P Jj  snivinnon - I { S s s
f Vg 7 T R : .
\. \ ! o { A oSNy~ B —~ e _
/ | [ ..w u....._.:, \h\{\.\ . — .~ B ¢
J B pIz1+ .\ # i N - Ao fn J P am ~ . .,J,\.
1. . ya Lk h N Spuoy watons Lot e TN /
L~ +azm -~ § Soh Mouo TR L~ -
s bSIT / av1+ /
. L9+ B
- S ~ | n,.wN 4
B | ol ~ . o~ L
- -~ 89M+ | ...k,.\)wﬂ &0 ;- -~ y <
; SO A |~ A N B I / B
9027, ,402M 99114 Loy =T g %@\ - . o 50
) = - g0z Yo7 C( g Vs VYV oeem ..— wuoy K ~
. . o G, Lo -
— corm+ ~ | J \./ / + 29m S e —
— 7 torm# ; LT A k ~ 2em A -
— 602+ z Id Jo —._) \/../ ..A v o
L — ; e ot
9117 R = B
. 01211+ [ P T )
o 1 L Aaem O K f
e 9 H :
ot 1 +memn - @ CRR] S| <&
-~ S " I I
e S 081 +erm D LMY e e e
s \Froz ¥ 9EIM + AN R SOpnu0) s_N.:,fA{,.\,\.u,'l...\(... R
~ N e /\» . § \ o \ .//an..: Y MmN ..(/,f
/ _ 4 f L - [ om > : R ™~
) { 9em / ~ -1 A / &) o
; o +: e . ~ e LT, ’
/ A o .\(.\1% ~TUN ~eem?
[ Y e TR T e TN
! \ e h PR
: N +10zm +$6111 “.l, < .v\mvm{/ - \ . ? :
] Ao MmN / K
. . (L N ,.\.M?A&:,\ e X, ; e
£ w 86177 + o8 T T e \. [N
m_m O ggm] +s8m /.. / ‘
83 S ;
alg “
8 6M+ €8I+ 8M+
HE sem+ T bemp o, L L ! \ a 4 /~
) z L
BIE; WO IRQIUIM, o, cerm T4 ’ s\
“ [LAKaR SECTE LM S \ . T §
. —~ +c811 : K So~ N\
~ 1 suUM+ Hum B N7 xﬁ
9T+ k
7 N PN SN B
- ! 16171+ - \ -\
00026 i . M N\ 2em e
004501

el



Two permeability tests were performed during this stvudy in the unsaturated
éone. At HU1A the tested interval is the upper 30 ft (9 m) of unweathered rhyolite,
and at HUIB the tested interval is the upper 30 ft (9 m) of unweathered Cretaceous
Campagrande limestone. Seven pumping tests in the saturated zorne’of ihe Diablo
Plateau (asspmed to be in Permian Victorio Peak - Bone Spring strata) were
conducted. Data fronﬁ the bpermeabili‘t; tests and pu‘mpi‘ng tests are presented in
abpendicefs‘2 and 3, respectively. | | | |

Geologic and hydrologic data were obtained from eight water wells drilled and
operafed by the El Paso Natural Gas‘ Company (EPNG) for their n}ow-ab‘an,doned-t'v
Pump Station #2 (appendix 4). Pump Station #2 is located 7.5 mi (12.2 km) west-

southwest of site HU1A.

_Chem‘ical and lsotopic Analysis

Chemical analyses of ground water from wells in the Dell City area and in the
Salt Basin were obtained from Texas.Wate:r Commission files. Data for wells near
sites. HU1A and HU1B were unavailable. but 30 active water wells within the study
region were sampled. Alllvsamples were analyzed for general chemistry, 5180, 6D,
tritium, 6345. 613C. and *C.  Chemical analyses weié pefforfned by Mineral Studies
Laboratory (BEG); 4c analyses, by Radioisotopesb Laboratory, Balcones Research
Center (UT-Austin): other isotopic analyses (6130. 6D. tritium. 6°*S. and 613C). by
'Enviroﬁmental Isotope Laboratory, Uhiversity of Wateflob. Ontario, Canada. Methods
and applications of isotopic data (6180. 6D, 6345, 613C, tritium, 14C) are discussed in
.Kreitler and others (1986b; appe‘n‘dix 3). Water tefnvperatures were measured at the -
sampling sites. All chemical and isotopic data cbllected during this study are repoﬁéd
in appendix 5. Additional data used in this report from Kreitler and othér§ (1986b)

and Texas Water Develdpment Board (1985) are in appendix 6.

10



REGIONAL SETTING AND SEISMICITY

The study area lies within the Diablo Plateau region, Hudspeth County, Trans-
Pecos Texas. at the eastern part of the Basin and Range structural province (ﬁg.b 1).
This province consists of topographically high ranges separated by major normal faults
from adjacent topographically low basins. ~Structural development of the prokvince
began about 24 million years ago (mya) during east-northeasf-oriented extension.
Faulting and associated relative subsidence of the basins began at that time and
continue to the present. The basins were progressivély filled by detritus eroded from
the adjacent ranges. The study area lies about 15 mi (24 km) west of the Salt
Basin, a~large Basin and Range graben at the eastern edge of Hudspeth County.

No detailed studies of seismicity are available for Hudspeth County. Invformation-
on possible seismic activity in these areas is based on a consideration of the tectonic
setting of Trans—Pecds Texas, including the presence of Quaternary fault scarps. and
‘on recent seismicity in adjacent areas and in the Basin and Rangé structural province.‘
~“Quaternary fault scarps occur throughout much of Trans-Pecos Texas and are
abundant in the Salt Basin (Muehlberger and others, 1978; Henry and Price. 1985). |
Quaterﬁary scarps have not been found within the study area, although some parallel
the eastern part of the Babb flexure in the Salt Basin (Goetz. 1977). The west-
northwest—frending Babb flexure extends from the Salt Basin across the study area
(ﬁg..l).

Recent compilatibns of regional seismicity data include (1) the entire Basin and
Range province (Askew and Algermissen, 1983), (2) southeastern New Mexico (Sanford
and Toppozada. 1974), and (3) southern Culberson County and adjacent areas
(Dumas, 1980). Askew and Algermissen (1983) show six epicenters in the Trans-

Pecos region between 1803 and 1977, two with Richter magnitudes (surface waves) of
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5 and 6. Both‘ of these latter earthquakes occurred near Valentine, Texas: one. the
1931 Valentine earthquake, had a modified Mercalli i'ntensity' of VIl and was the
strongest reported earthquake in Texas. The 1955 earthquake near Valentine had a
modified Mercalli intensity of IV (Reagor and others, 1982). Dumas (1980)‘detected
about 300 earthquakes, all with magnitudes less than 3.7, between 1976 and 1980
near the site of the Vale‘nti'n'e earthquake. Dumas (1980) also identified a seismically
active area along the eastern marvgin of the Salt Basin near abundént ‘Qvuaternary fault
scarps. Howeve‘r,v this area could not be Iocated_precisely because it was outside the
seismic network.v Sanford and Toppozada (i974) listed 11 felt earthquakes prior to -
1961 and 6 instrumentally detected quakes between 1961. and 1972 in southeastern
New Mexico and West Texas. Askew and Algermissen (1983) identified a swarm of
earthq»uakes.»vall -havingbRichter magnitudes of less than 4, centered near Juarez,

Chihuahua, Mexico, about 45 mi (70 km) west of Hudspeth County.
Geology

The sites lie on the Diablo Plateau, ‘.west of the Salt Basin. Rocks in the area
range in age'from Precambrian to Receﬁt (fig. 1 and plate). Strata most important’_
to this investigation are Précambrian rhyolife porphyry at site HU1A and Cretaceous
limestone interbedded with sandstone and mudstone at site HU1B.

Precambrian rhyolite porphyry crops out in the northwestern part of the study .
area in low rounded hill.s (plate)_. The petfologyv and age of the rl;y'olite porphyry
were discussed by King and Flawn (1953), Stead and Waldschmidt (1953), Flawﬁ
(1956). Masson (1956). and Wasserbu‘rg and others (1962). The dark red rhyolite

porphyry has pink feldspar and clear glassy quartz phenocrysts that range in size from
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0.1 to 0.4 inches (0.2 to 1.0 cm). Chlorite is a corﬁmon alteration product. . It is
unknown if the rhyolite is intrusive or extrusive. Maséon (_1'956) suggested that a
complex of both extrusive and intrusive Precambrian rocks ;s present. The geqerél .
age determined by strontium isotopic analysis is 1,060 mya, whereas the age
determined by the lead-uranium method on zircon is 1,150 to 1,200 mya (Wésserburg‘
and others, 1962). Lithologic descriptions of core from -HU1A are in appéndix 7.
" Core and good exposures in an abandoned quarry indicate‘that fractures are locally
abundant." The fractures are divscussed in the structure séction of this report.

Permian strata that croﬁ out in the study area incluvde‘the‘.Victorio Peak
Iiméstbne and undivided Leonardian rocks (plate). These ‘thin— to thick-bedded
fossiliferou.;s limestones and dolomites have ihterbeds of sandstone and si!tét’one (King.
1965). The Pe‘rmian Cutoff shale als‘o crops out,in the eastern part of the study
area, and the Hueco limestone is present oh the south side of Sierra Prieta in the
sou‘theaster'n part of the area.

Cretaceous strata include vthe Campagrande Formation. Cox sandstong.' and Finlay
Formation (plate). Washita Group rﬁarl and fossiliferous shale also crop 'oht at‘ Sierra
Prieta. >The Campagrande Formation in-the study area consists of thin-bedded,
nodular, partly congldmeratic limestone with rﬁérl and clay interbeds (Bafnes. 1983).
It is comnjonly mottled yellow and‘ red. The Cox conformably overlies the
CampagrandevFormation and consists of siltsfone. sandstone, "shale. and fossiliferous
limestone (Barnes, 1983). Throughout most of the study area the Campagrande and
Cox are poorly eprsed and are undivided (plate). Test holes at site HU1B penetrate
both Cox and Campagrande strata. ”Core descriptions are in appendix 7. Overlying
the Cox are thick- to thin-bedded fossiliferous Iihestone interbedded with marl, shale,

and sandstone of the Finlay Formation (Albritton and Smith, 1965; Barnes, 1983).
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Two Tertiary intrusive bodies are present in the study area: The Red Hills
(Antelope Hills) 'intrusibn lies in the central part of the area and is about 6 mi (10 
km) southeast of HU1A and 4 mi (6'km) n‘orth of HU1B (plate). The quartz
trachyte intrQsion. is locally discordant butk‘generally,resembles a sill (Sullins, 1971).
The intrusion has a Rb-Sr age of 28.2 + 3.2 mya (Haley. 1971). The Sierra Prieta
syenite ‘ivntru'sion (Black Mountains) lies 6 mi (10 km) east of HU1B. Hodges (1975)
described. Sigrra Prieta as a “‘trap door” intrusio‘nr overlain by Permian strata and
- floored by Cretaceous rocks. Emplacement of the syenite ihtru'sion- was 435.'0 + 2.0
mya (Hodges. 19’75).

Quaternary alluvial deposits cover much of th.e bedrock in the area. The
‘alluvium consists of silt and sand with some pebbleé and cobbles derived from local

bedrock. Caliche layers up to 3 ft (1 m) thick occur near the surface.

Structure

Babb Flexure

The Babb flexure is a West-northwesf/-trending rhonocline ‘with downward
displacement of strata on the northv side of the flexure (King, 1949, 1965). It can be
“traced about 40 mi (65 km) northwestward from the Salt Basin across the study area
| and i§ approximately 1 to 2 mi (1.5 to 3 km) wide (fig. 1 and plate). Permian
rocks exposed on the flexure usQally dip 10° to 15° north. The Victorio Peak
Form‘a’tioh is displaced about 1,000 ft (305 m), and the Cutoff éhale occurs only on
the north side of the ﬂexure)(éast of the'bstudy a‘rea).n Aﬁ angular unConformity exists
'be'tw'e,en‘ Pe’rmian aynd Cretaceous sfrata. Cretaceous rocks are not vwelll enough
exposed to dgtermine if they have been warped by recurrent movement alongbthe
structure. Hodges (1975) mentioned that the flexure may be the Permian or pos‘t‘- |
Pérmian' expression of a major pre-Perrr’:ian ‘strikev-slip fault. Basement relief across

the flexure could be greater than 4,500 ft (1.370 m) based on the difference in
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“elevation between exposed Precambrian rhyolite ,pdrphyry and the Joheé No 1 Mowry
test _héle. located 12 mi (19 km) northeastward, that bottomed in Ordovician strata at
500 ft (150 m) below sea level. The great amount of basement relief across the

flexure indicates that the basement may be faulted.
Faults, Folds, and Joints

’Faults present in outcrop are associated‘ with the two ‘Te’rtiary intrusions and do
not extend far from the extnﬁsiv’e bodies. ‘An east-west-trending anticline occurs wegt
of Sierra Prieta. The ant;lclivne cbuld have been Vca»used by an une){posed intrusion
that warpedv the overlying St(ata during emplacement. The buried intrusion may be
related to the néarby Sierra Prieta intrusion.

Minof faults, flexures.. and zones of élosely spaced joints are mapped in well-
exposed Permian strata in the northeastern part of the study area (plate).
Displacement across the minor normal faults and flexures is commonly a fewv feet.
Joint spacing in the fractured zones is as greét as 10 joints per 3 ft (1 m) for
limestone beds 1.5 ft (0.5 m) thick. Most of the fractured zones are about 6 ft
(2 m) wide. These minor structures are probably rglafed to the regional deformation
along the Babiﬁ flexure but occur in strata well beyond the margfns of the regional
flexure. |

Joints and minor normal faults also occur in the Preclambrian rhyoliteb porphyry.
Jbint spaéing of nearly vertiéal joints Io;ally abpr'oaches ‘6 jo'ints per 3 ft (1 m)
“Many bobf the joints extend yertically throughout'the 15 to 20 ft (6 m) height of 
available exposures. Siubhoriz’oriital joi‘nts‘witvh dips of less _th“anv 30° also are
'abundant., lron“ staining is" a common feafure on the joint surfaces, indicéting that
the joints have acted as ground-water conduits. Limonite and hematite‘étains also

occur on fracture surfaces in core. and some fractures are filled with dolomite and/or
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caléite (appendix 7). Fifty pércent of the rhyolite porphyry core from site HU1A is
~fractured b(appen,dix 7). Fractures in the core havé dips ranging from horizontal to .
vertical, similar to fractures observed in outcrop.

| Nearly vertical joints in the Precambrian rh&olite porphyry have multiple strike
orientations (station 2 on the plate, and fig. 1).. Three minor normal faults present
in the rhyolite .s-trike west—ndrthwestwérd. similar to the regional trend of the Babb

flexure. Permian and Cretaceous strata ‘usually‘ have two major joint sets that vary .in

strike regionally across the area (plate). Across most of the study area, nearly

vertical joihts strike northwest at 300° to 340° and northeast at 050° to 070%. . . ...

- (stations ‘2, 3. 4, and 5, plate). North of Sierra Prieta, joints striking 010° to 030°
are also cbmmo,n (station 6, plate). West of Sierra Prieta, joints strike north-
‘northwest at 330° to 000° and east-west at 250° to 290° (stations 7 and 8. plate).
‘The east-west trend parallels the anticline ‘axis 'and faults at Sierra: Prieta. ‘Joints at
site HU1B may strike in fhe same direction as joints inb bedrock at stations 7 and 8

,(p|ate), Core frgm test holes at HU1B was not as fractured as core from HUIA.
HYDROLOGIC SETTING
\ Surface Flow
HU1A
AII sur‘fa‘c-e sbtréan‘\s in this region are ephemeral and, except for small local

depressions, discharge east of the sites into the Salt Basin (fig. 2). Antelope Draw,

one of the larger ephemeral streams in the area, is located 1.5 mi (2.4 km) south of
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HU1A. Damés'and‘ Moore (1985) report that this draw :drains more than 650 mi’ of
the Diablo Plateau west of the site. Final discharge of Antelope Draw is into Eight
Mile Draw, which discharges into the Salt Basin approximately 18 mi (28.9 km) east.

During field activities for fh_is study. several thunderstorms occurred. = Flooding of
Ranch-to-Market Road 1111 created a bodyb of water 2 ft (0.6 m) deep and as much
200 to 300 ft (60 to 91 m) across (fig. 3). Duration of the .flooding was vefy' brief.
and the road became passable almost as soon és rainfall terminated.“

A smaller unnamed draw in the northern part of this site drains a very smal.‘
area and is not considered as potentially hazardous as the Iargvver draws. The
National Flood Insurance Rate Map (FIRM) for HU1A (Community-panel number
480361 0400 B) (fig. 4) classifies both Antelope Draw and this smaller unnamed draw\,\
- as Zohe A, deﬂned as areas of 100-year flood; base flood elevations Vand flood hazard
factors were not determined. The site itself is classified as Zone C, ‘defined as areas

of minimal flooding.
HU1B

The northern and western portions of HUiB ére within the mapped‘ floodplain of
Antelope Gulch, ‘a large ephemeral draw that discharges into Antelope Draw several
-miles to the north (FIRM, Commu’nity-panel number 480361 0550 B) (fig. 5). This
draw is also classified as Zone A aﬁd the remaining area} is mapped as Zone C (U.s.
Department of Housing and Urban Developmént. 1985). | |

~ Methodologies utilized by fhe National Flood Insurance Pro-gram:(NFlP)'t'b
élassify potentiz;l areas of f‘Ioojding m‘ay be divided into three basic types:
(1) existihg sources, such as the U.S. Army Corps of Engineers; (2) USGS ﬂoqd-proné.\

area quadrangles; and (3) normal depth equations actually calculated for specific areas.
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Figure 3. Photograph of flooding at Ah’telépé Draw ‘wh_ere it crosses '_Ravnch-‘t'o-Marketv
Road 1111}‘ The flood created a body of water 2 ft (06 m) deep and as ‘much- 200
to 300 ft (60 t0791 (m) across. Duration of »flooding“' was  very byri"e'f. and the highway',

became passable almost as ‘soon as rainfall terminated.
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Extensrve feld mvestlgatlons were conducted durmg January 1987 to determlne ’
| the extent of floodrng at HUlB which resulted from ‘heavy precrprtatlon events
observed in 1986 ~The main area of rnterest was Ante\lope Gulch to the west and
_north of HUlB Observatrons in, thls area did not Iocate any physrcal evrdence of a
’ prevrous flood event outside of the rather poorly defrned arroyo Other than the
presence of the arroyo itself, no real evidence was recorded of floodrng wrthln the
arroyo.. Evidence indicates that actual f|oodmg wuthrn the site boundary of HUlB

would be of on|y mmrmal rmpact and englneerrng barriers constructed at the site

would be suff crent to control future ﬂood events.\ -
; Unsaturated Zone

The thrckness of the unsaturated zone in the study area ranges from 3 ft '
| (09 m) in the salt flats to 790 ft (240 m) in well LL138 (f'g 6). The unsaturated :
}zone |s made up. of Cenozmc alluvrum and colluvrum Cretaceous sandstones and

Irmestones Paleozoic carbonates and clastlcs and Precambrran rhyolltes

Vertical permeabilities of cores through the alluvial cover at HU1A range from i

2 x 10 to 2 x 10° 'cm/sec (63. 072 to 63072 m/yr)(Dames and Moore 1985) In

o srtu horrzontal permeabrhty measurements from the upper 30 ft (9 1 m) of

A unweathered bedrock (Precambrran rhyolite) mdrcate a hydraulic conductrvrty value of
259 x 107 cm/sec (8 19 m/yr)’ (appendix 2) This value falls within the range of
| fractured |gneous and metamorphlc rocks as’ reported by Freeze and Cherry (1979

 their table 2.2). | | | e
| Vertical permeabllrtres of c‘ores through the alluvral cover at HUlB range from
7 x 10 to 4 x 10°° cm/sec (220. 752 to 1.2614 m/yr)(Dames and Moore 1985)

situ horizontal permeabllrty measurements taken on the upper 30 ft (9 1 m) of
_ : e o
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Figure 4. Flood Insurance Rate Map (FIRM)-for area around site HU1A (Community-
panel number 480361 0400 B). Both “,Antelope‘Draw and. a smaller unnamed draw

are enclosed as Zone A, defined as an area of 100-year flood. Base flood elevations

and flood hazard factors were not determined. The site itself is classified as Zone C,

defined as area of minimal flooding (U.S. Department of Housing and Urban

Development, 1985).
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Figure 5. Flood Insurance Rate Map (FIRM) for area around site HU1B. The
northern and western portions of HU1B are within the mabped floodplain of Antelope
'Gulch,‘ a large ephemeral draw that discharges into Antelope Draw several miles to
the north (FIRM. Community-panel number 480361 0550 B). This draw is also
classified as Zone A, defined as area of 10'0—year flood. The remaining area is

mapped as Zone C, defined as area of minimal flboding (FIRM, ‘1985).
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Figure 6. Map showing potentiometric surface elevations in the study area. Land
surface elevation changes from 3.450 ft (1.050 m) at the salt flats and Dell C‘ity area
to greater than 4,500 ft (1.370 m) in _higher regions in the west, but the elevation of
the water table in Aquifer A rises only 200 ft (61 m) (from 3.445 ft to 3.650 ft, or

1,050 to 1,113 m) across the same region, resulting in increasing dep‘th to water at

higher elevation. Thickness of the unsat'ura‘ted' zone in the study area ranges from 3 ft

(0.9 m) in the salt flats to 702 ft (214 m) in well LL132 in the west.
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Cretaéeous Cox saﬁdstonev and Cretaceous Campagrahde limestone below the‘ alluvium
indicate a hydraulic conductivity of 1.226 x 10'4 cm/sec (38.6 m/yr). This value is
within the range of limestones, dolomites. and vsandstones (Freezé and Cherry, 1979).
Natural fracturing occurs in cored bedrock bat bdth sites and in an abandoned
'.quarr.y southeast 6f the test holes at HU1A. Natural fractures‘ are more abundant in
the rhyolite. Most of the fractures in the rhyolite are still open with only thin layers
of limonite and hematite lining tﬁe fractures and providing no appreciablg restricfion to
ground-water flow. Fractures in the. limestones of HU1B, however, are partially to
tptally occluded by brown calcite and dvolomi’te cements. The degree of restriction to

ground-water flow that results from these cements is unknown. At least two

examples of fracture enlargement by solutioning were recorded from the limestone core. - -

In addition to fracture solutioning, partially occluded biomolds, initially a result of
'solution‘in'.g. we'r-e, also observed. The apparent incfease in fracturing f‘rom HU1B to
HU1A may be a result of closer proximity to the Babb flexure. Higher permeabilities
at HU1B, however, could result from more éfﬁcient:éo_nnection of fraéture syStems due
to the effects of solutioning.  Permeability tests on the unsaturated zone at HU1A
(appendix 2) also confirmed the presence of ffacture systems in the subsurface

rhyolite.
Saturated Zone

The primary aquifer, Aquifer A, (see Potentiometric Surface section for> a detailed
discuésio’n) in the sthdy area is part of a regional aquifer that extends across much
of the Diablo Plateau. Previous sfudies of the Dell City area have reported that
locally the water-bearing formatio__n is the Bone Spring lime'svtonev of the Leonard series

of Permian age‘ (Scalapino. 1950; Peckham, 1963; Young, 1976; Gates and others,
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1980; Logan, 1984). In.the nearby Guadalupe Mountains, the Bone 'Spring> limestone
attains a thickness of several thous;nd feet (King., 1948). In the Dell Citiy' area, the
Victorio Peak and Bovne Spring limestones crop out, and"locally the aquifer is referred
to as the Victorio Peak - Bone Spring aquifer. Peckham (1963) reports that the
Bone Spring limestone is a black, cherty, dense, fine-textured, thin-bedded limestone at
least 500 ft (152‘m) thic‘k. and the Victorio Peak limestone is a thick-bedded
succession of gray limestone with a total thickness of about 800 ft (243 m) Ground
water has - been repérted to be encountered at depths from 200 ft.(61 m) to 1.500 ft
(457 m)(D’Appolonia, 1978). | |

Lithologic control for this aquifer o.utside the Dell City area is extremely limited.
Two driller’s iogs were obtained_fro:r‘n El Paso Natural Gas Compar;y recdr_ds
(appendix 4.)_ for water wells dr'illed at Pump Station #2. These logs record
lithologies that could reasonably be correlated with‘ Permian strata of the qréé.

The skhallow aquifer, Aquifér B (fig. 7). is a local aquifer |ocafed in the
southwestern portion of the study area. Although no previous studies repﬁrt aquifer
. host -,rock, stratigraphic thicknesses, coring at HU1B, and discussions with local well
' drillers make possible some inferences. Aquifer B is probably. a Cretaceous limestone
aquifer with permeabilities]co'ntrolled by the- presence of fracturing and sélutio’n’ing..
Cretaceous rocks in the area are typically reported to have minimum thicknesses of
200 ft (61 m) and because all b‘ut one of the wells producing from Aquifer B are

shallower than 200 ft (61 m). a Cretaceous host rock seems reasonable.
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Figure 7. Potentiometric surface map, Aquifers A and B. Ground water flows
predominantly to the northeast. A grou‘nd—water divide is located north of the Diablo
Plateau scarp. The abrupt change of the potentiometric surface together with the
difference ih gradients and depth to water suggests the presence of two separate

aquifers: The primary deep a~quifer. Aquifer A, and a shallower aquifer, Aquifer B.
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Water-bearing Characteristics

The occurrence/and quahtity of grbund water both fn the Dell City area and
thréUghout th‘is‘ regional aquifer appear to be controlled by fractures. Sﬁbsur—face‘
jofnts and fractures, caused by structural ‘movement along the Babb and Victorio
flexures (fig. 1). have contributed to both porosity and permeability development of
the aq\uifer. Logan,(1984) reports that in ?the Dell City area. ground water occurs in-
open joints and fractures under both watef table and confined conditions.
Stratigraphic or facies controls on tranSmissivity values have not béén reported.

Fractures in the carbonate rock may be enhanced by solution from the flow of

fresh ground water through primary and secondary porosity. The presence of recent s

sinkholes 12 ft ‘(3.6 m) deep and 12 ft (36 m) in diameter (Young, 1976) is evidence
‘of active solution in the Dell City area. Well drivllers in the areé al§o report the
regular occurrence of lost circulation zbnes indicatiQe of large opvenihgs or caverhs
(Scalapino, 1950). Although the extent of fractures has not been clearly defined.
‘ inferences of highly permeable fracture zones may be drawn from the low hydraulic
gradients recorded for Aquifer A.

Seven pumping tests have now been completed on wells spaced“’acrvoss the Diablo
Plateau for this Qtudy. Six of the pumping tests were on water wells producing :from
Aquifer A while one was pro‘ducing from Aquifer B. Watgr wells tested were (in thé
order of testing) LL162,-LL156, LL155, LL148, LL141, LL132, and LL138 (fig. 2).
Pum.ping test (PT) ‘no. 1 at.\INeH LL162 was the only test wh’e‘re rﬁo:nftoring of
observation Wélls was possible due to nearby wellbores LL219 and LfLZZO (figs. 2 and
A3-1). NQ drawdown was observed, however, in these observation wells. .Data
éollected from‘ these tests are included in appendix 3. Values of trahsmissi\}ity
Calculated by tHe methods of Waiton. Jacob, aﬁd Theis and Logan’'s method of

approximation for both semiéonfinéd leaky aquife'r' and confined nonleéky aquifer
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condmons range from 2.39 gpd/ft of drawdown to 1713 9 gpd/ft of drawdown
(0.32 ft /d or 003 m /d to 229.1 ft /d or 21. 3 m /d) for Aquifer A whereas
kAqurfer B had srgmﬁcantly higher transmlsswrty values rangmg from 37 1631 gpd/ft
of drawdown (4. 968.3 ft? /d. or 461. 5 m? /d) to 49 986 gpd/ft of drawdown;
(6. 683 ft /d or 621 m /d) The mean transmrssmty calculated from 26 separate
mterpretatlons for Aqunfer A was 228.2 gpd/ft of drawdown (305 ft /d or 2 8 m /d) ,
with a large ‘'standard - deviation of 343 gpd/ft of drawdown (45. 8 ft /d or 4 2 m /d)
At present these are the only known pumpmg tests for the study regron out5|de of
‘ the Dell Clty area. In the Dell City. area, ~specific. capacrty» data, range_;from 5 to ;
.64 gpm/ft (93 to 1,141 m /d) of drawdown (Peckham 1963) | |

In each of the seven pumping tests, the data either dlrectly or mdlrectly recorded,

’ -the |mportance of fracture flow within the aquufers of the Diablo Plateau

Transmlssmty within an mdnvrdual water well lS partrally or totally dependent on the '
number and size of fractures encountered while penetratlng the saturated section.
'Three of the seven tested water wells tested durmg th|s study were observed to be

underproducmg from both Aqurfer A and Aqurfer ‘B. In these wells .drawdownv .

. stabilized after a few mlnutes of pumpmg wrth no more than a couple of feet of

'drawdown. Th|s |mt|al drawdown probably results from well bore storage (Dnscoll.
’ 1986) ‘and does not reflect the hydrologrc conditions of the aquifer. These -pumping
‘_tests curves |llustrate a short-term drawdown and then only mrnlmal addltlonal
drawdown throughout the rest of the_pumplng tests. Only an approxlmatlon of a
minir/num- transmissivityVCan be made by using LOgans methodv(Krusema'nv anane
. Ridder, 1976-) Larger dlscharge pumplng tests are needed on thesej w’ells to

~determine thelr true transmrsswltles
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Tectonic events or'/n"the Diablo Plateau that have been Eesponsible '.vfor the creation
of fracture ‘syster'ns‘ have been numerous fhroughbut the geologic history of the area. -
Successful; siting oflll water wells was achieved based on the Iocation‘ of lineaments
and fractures mapped u‘sin‘g aerial photographs of the Dell City‘ area (H >Logan, Sqil
Conservafion :Service,j persdnal communication, 1987).  Only 1 out of 11 wells failed
to encounter a sufficient amount of fractures to meet injection well transmissivity
requirements of 2.000 gpm/ft of drawdown (267.4 ftz/m. or 24.8 mz/m). ‘Additional”'
~studies to better understand the unexpected water—bea'fing' poténﬁals of both Aquifer A |
and Aquifer B on the Diablo Plateaﬁ should iﬁc’lude comparative studies between " -
surface fracturés'and lineaments r‘ecorded' on aerial photographs énd‘ the location of
successful water wells (a successful water well being one capable of delivering

~acceptable quantities of water to the surface economicélly). - Preliminary inyestigations
indicate a potential for finding additional transmissive zones with gbod water quality

for a large portion of the Diablo Plateau.
Potentiometric Surface

The potentiometric surface (fig. 7) on the Diavblo Plateau ,show§ that regional
ground water fiows predominantly to the ndrvtheast. A ground-waier divide is located
just tb the north of the DfabloPIafeau scarp; Ndldi\)id'e is evident in the region of
- the Babb flexure as had been postulated‘during—pr'evious. studies (Dames and Mo_ore.
~1985). vRecharge from eitvher site HUIA or HUlB would flow in the general direction

. of the Dell City irr‘igation region and toward the salt flats.

Two separate aquifers may exist. Aquifer A is located in the northeast section

of the study area and includes the Dell City irrigation and salt flat ‘areasi‘" (fig. 7).
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- Elevations of the water table range from(3‘,445 ft (1.050 mb) in the Dell City and salt
flat regions in LL154 to 3.650 ft (1.112 m) for wells LL141 and LL218. Depth to
water variés from 3 ft (1 ‘m) on the saltﬂ flats to more than 7.00_‘ ft (213 m) in areas
of higher land elevations (ﬁgG) Lahd surface elevation change's,approximatélyv1,000
ft (305 m) from = 3"450,“ (1,051 m) at the salt flats to more than 4,500 ft
] (1;372 m) in higher regions of ihe Diablo ‘P‘Iateau. but che elevation of the water
table oﬁly rises 200 ft (61 m) across 'tvhe"sanlwe region. This explains why the depth
to water increases significantly ba,t higher elevations. The maxirﬁum hydraulic gradienf
measured between LL218 and LL154 is 6.9 ft/mi (1.3 m/km). A more typfcal
gradient for the area, however, is 2.5 ft to 5 ft/mi (0.5 to 0.9 mv/krh). a#. measured
between several wells. B

~ Southwest of Aquifer Avis‘ a local aquifer (referred to as Aquifer B) with water-
table élevatiéns that are significantly higher than in Aquifer‘ A (fig. 7). Aquifer B is
| bounded on the southWest by the escafpment of the Diablo Plateau. Water elevations
for this area range from 4,397 ft (1.340 m) in LL160 to 4.176 ft (1.272 m) in LL151.
The depth to gfouhd water at chuifer B is significantly Iess than that observed at
Aquifer A; depth of watef ranges from 18 to 210 ft v(5‘to 64 m), and the water
depth vfor most wells is less than 100 ft (30 m). Ground water flows predominantly
to the northeast. Limited ﬁow is southwestward toward the Riob Grande valley. The -
hydraulic gradients measured for Aquivfevr B are ’highér tﬁgn ‘those ofbthe regional -
| Aquifer A, values being as high as 90 ft/mi (17 m/km) bet\&een wells LL156 and
LL157. I

The two - different _potentiométric surfaces in Aqdifer A and Aquifer B sugéest ‘tw‘o
permeabfe zones beneath the Diabloi Plateau. Aquifer B repre.sien-t:‘s a perched aquifér‘:
Aquifer Ais predicted to I‘ie beneath Aquifer B in the southwestern part of the vstudy }

area. In the north-northeastern part of the study area there are three examples of
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Aquifer B oveflying Aquifer A: (1) The water ielev‘at'lon of well LL161, a geothermal
test well drilled on the flanks of one of the Pump Station Hills, is 4.150 ft -
(1.265 m). wh‘.ich is ‘similar to water-table elevation of the shallow aquifer. This well
was not used in potenti_ometrié mapping of Aquifer A because of its appare‘ntly
“anomalous nature. (2) Wells LL160 and LL134 are Iocavted 100 ft (30 m) apart vfro‘m
each other on the Williams" Ranch at Hobo Tank, west 6f HUlA. and have
signiﬁcantly‘divffe‘rent Water levels. LL160, a shallow windmill located in the bottom

~of an arroyo. has a depth to water of 18 ft (5.4 m). whereas the water depth in’

LL134, a deep pumpjack in the same area, was greater than 750 ft (229 m)‘ (as o

reported by the owner). - (3) The driller’s logs for the abandoned _El Paso Natural Gas
Company Pump Station #2 wéll. whiéh was used \as an observation well for the'
“pumping test (appendix 3), ind}icate that three water-bearing zones Were encountered
‘during drilling. During this study, water was alwaysbbserved on the electric-liné
- probe at depths of less than"200 ft (60.9 m), although static watér level was
recorded at v6‘73 ft (205.1 m). In éddi}_tion. water tould be heard cascading downv the
borehole. (There was no casing below 100 ft (30.5 m) depth). |
The difference in water levels, the difference in gradients, and the abrupt change
“in water levels that exist between the deep water table (Aquifer A) and the shallow
water table (Aquiier B) found in the southwestern part of the Study' area suggest a
- change in hydrologic properties between the two regions. Aquifer A may be more
. fractured because'of its -location over or préxi,mate to the Babb flethe. Fractures
»'w’ouklld. permit greaterv leakage through possible aquitards between Aqdifer A and
B A<juifer B and drain any ground water in overlying‘ perméablé zones. 1Greaterz fracture
p.ermeability woul.d' also_permit'a- lower hydraulic gradient for Aquifer A than for
~ Aquifer B. Thev,.lacob plots foir the .aquifer tests of Aquifer A at wells LL132 and .‘

LL162 shows a vsegmentéd‘ drawdown curve with_time. which indicates drawdown in a
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fractured medium (appendix 3).‘ In the plot for well LLléZ the first ":istraight-line
segment (a) represents drawdown in the fracture(s) penetrated by the well. These
fractures have a transmrssrvrty of 111 gpd/ft (1.38 mz/d). A barrier was hit at |
40 minutes The cone of depression hit another set of fractures at = 80 minutes. x
Transmissivity measured at the second set of fractures is 84 gpd/ft (1 05 m /d)

higher transmissivity (158.6 gpd/ft: 1.97 m /d) representing a thrrd‘_set was
intersected at 900 minutes. The different transmissivities measured’ with increased
time do not represent transmissiv’ity vaiues specific'to each fracture set but 'do
represent the cumulative value for the area affected by the cone_of depression. The
increas_ed transmissivity evident at the end of the test may only_indicate that more.
~ fractures are being intersected by the cone of depression, not that the fra}ctures' are
more vpermeable.v There was no drawdown in either of the adjacent obse_r\rat_ion wells,
further indicating fracture ‘c.ontroli of ground-water flow and distribution. A similar
pattern was also observed d,uring the drawdown of well LL132. The abrupt change |n
water;table elevations betv_veen Aquifer A and Aquifer B may be due to a structural

feature that functions as a hydrologic drain from Aquifer B into Aquifer A

Recharge |

Tritium levels measured on Diablo Plateau ground waters (Kreitler and others,
1986a; this report) indicate that a majority of the sampled wells (26 of 30. 87%)
contain recently recharged water. The major process responsrble for this current '
recharge is |nf||trat|on of runoff in arroyos durlng occasronal flash floodlng
(appendix 9). In the D,e||»C|ty area, another probable source of current rrecharge is

the recirculation of irrigation waters.

35



'Severél wells, particularly in the sou'thwestérn portion of the study area, also~
were found to contain high NO3 levels. High nitrate Igvéls may also be used as a
qualitative tool for the documentation of local recent recharge. A detailed discussion
of NO, in the study érea and its implicatiohs for ’recharge appears in the Ground-
Water Geochemistry section of this report.

Previous studies of the Diablo Plateau have dealt specifically with the
identification of potential zones of recharge for the Dell City area. Peckham (1963)

reported recharge zones to the west of Dell City and to the north in New Mexico.

Principal recharge for the Dell City area has been attributed to the Sacramento River. .. .

drainage basin located to the northwest of Dell City (Young, 1976). Peckham 1(1963),«

and Young (1976) also noted that to a lesser extent, recharge may occur in the Dell

City area by the inﬁltratio‘n of précipitation on the Ignd surface but apparently mos‘t‘
of this‘evaporates (Dougherty. 1975; Boyd ahd Kreitler, 1986). Gates and others
(1980) estimate annual recharge in the Dell City aréa as 31.000 acre-ft
(3.8 x 107 m3). The unsaturated section in the Dell City area consists of 5 to
150 ft (1.5 to 45 m) .of alluvial cover. Recliargé through the alluvium in the
interarroyo areas is expected to be minor. Vegetation chariges observed during field
work may also influence or indicate active surface recharge. Preliminary studies'

dealing with climate and vegetation are presented in appendix 8.
Studies of recharge methods at HU1B

Reconnaissan;e field work in the study area indicates‘thét" recharge on the Diablo -
Plateau probably occurs by inﬁltrat.ion'of runoff water in é‘rrdyos where erosion has
transe‘ctedv Cretaceous bedrock. Detailed sampling of 'soil proﬁles for chloridevanalysis
was conducted both in arroyos and in interafroyo areas to determine the relative

recharge in each of these geomorphic areas. The recharge equation of Allison and
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Hnghes (1‘978) was then used to estimate the amount of precipitation 'and runoff that
" moves through the vadose dzone annually.

Ten nollow-stem augjer holes were drilled, aleng' two transects oriented east-west
and north—south.aCross HU1B (fig. 8). One additional auger hole was drilled in a
~ closed depression located southwest of the site.  Two boreholes, C1 and C6. were
located within the drairnage channel of Antelope Gulch, west and north of the site
respectively, and C4 Was located within a minor unnamed north-south drainage
channel along the eastern boundary of HU1B. Each bore hole was drilled to auger
' refusal which at all but one location couId be confrmed to be the top of Cretaceous
bedrock.. Two cores drilled during‘prevvious investigatiens (Kreitler and others, 1986a,
plate 1) and limited outcrops in the area indicate the Cretaceous units e‘nceuntered at
the top of> bedrock are limestones of the Frnlay and Campagrande For‘ma‘tions and the
Cox Sandstone. |

Data specrflc to chloride concentration profiles at HU1B are present in
appendlx 9. The followmg dlscussron will be based on the M|d|and value of 0.79
mg/L chloride in rainfall. Borehole Iocatio‘ns;and, ’chloride profiles are presented in
| ﬁgure 8. - : | L

" Chloride profiles and calculated annual recharge document the very strong
influence of the preeence of arroyos on the ‘amount of water moving in the vadose
zone in the area of HU1B. Calculated annual rer':har.g‘e _calculations for boreholes
located in arroyos ranged from 0.0688 to 0.0041 inches/yr (0.1747 to _0.0104 cm/yr).
Boreholes located in the interarroyo areas however recorded svigniﬁc‘antly dlower' annual
recharge rates ranging from .0022 to .0008 inches (.0056 to .0020 cm). 7 ‘-Ravtes of
recharge within a closed depression closest in the ‘site region resembled those of
‘arroyo areas, having an‘es‘t'rmated annual recharge rate of 0.0501 inches/yr (0.1272

cm/yr). Recharge to bedrock within thevboundary of HU1B, based on chloride
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Figure 8. "Map ‘showing Idéation'of boreholes augered for chloride a'halysis' at HU1B.
_Adjacent to borehole Iocatlon is vertlcal profle of chlorlde concentratlons measured in’
- soill samples - o . o
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concentration investigations, was fodnd ‘t.o be very small. These rates of recharge are
similar to rates measured in the area of the Fort Hancock site to thé southwe;t.‘
which ranged from 0.009 to 0.0005 inches/yr (0.023 to 0.0013 cm/yr) (Kreitler and
others, 1986b). |

Flood management and recharge in the Dell City area

Currently, a large flood-control program is under construction in the Dell City
area. The flood control program is under the direction of the Soil Conservation
Service (SCS). an agency of the U. S. Department of Agriculture (USDA). Major
arroyos responsiblé for drainage through the Dell City area have only minor
topographic def,initi.on and often fail to confine runoff during periods of heavy
precipitatidn. Four retarding dams will eventually be completed to reduce costly
damages resulting from flash flooding in the Dell City area. Currently, three dams
have been compléted_ and one is still under constructio_n.

Man-induced ground-water recharge of floodwaters through a series of large-
diameter (20-inch)',rechar_ge wells below each retarding dam is a secondary benefit of
the flood control measures (Logan. 1984). The number of injectioﬁ wells required per
dam is dependént on the size of the drainage area above each structure. Curfent
plans specify a total of 11 injection wells based on a ratio of 1 well per 30 mi’ (17.7
ka) of drainage area. . Injection is to be by gravitational fIO‘\‘N. Three possible
benefits from this effort. in addition to the obvious control of floodwaters, include
(1) improved ground-water quality, which has steadily been declining since the
inception and recycling of irr'igat'ion waters, (2) reduction or reversal of declihing water
levels due to the intensive ground-water production during peak irrigation p;riods. and
(3) a better understanding of aquifer characteristics and potential for the area thfough

geophysical logging, videologging. and pumping tests conducted in each injection well.
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Discharge

The potentiometric map of Aquifer A (fig. 7) indicates that ground water flows
toward the salt ﬂaté. Peckham (1963) and Young (1976) also reported that ground-

water flow is in the direction of the salt flats.. Di‘scharge, occurs naturally by
evaporation in geographicaﬂy extensive areas whef_e depths to water may be as
shallow as 3 ft (0.9 m) in the salt flats. Boyd and Kreitler (1986) and Chapmaﬁ
~ (1984) consider the salt flats to be the major discharge zone for the area. ‘The
poientiometric map of the study region confirms this hypd_thesis. |

Abundant ground water was discovered in Dell City in 1947. By 1949, 32 watera

wells had been completed and 6,000 acres of farm land were under ir’rigatrion” B

(Sc’élapino. 1950). The magnitude of irrigatidn continued to increase until as much as
40,000 acres of land had been convertéd to irrigated farming. According to
D'Appolénia (1979)‘. this represente‘d the highest concentration of irrigated férm land
Within the state of Texas. Soil Conservation Service rec_érds indicate that as rhuch as‘
'150,000vacre ft (1.8 xvl.O8 m3) of irrigation water was ‘produced in Dell City during
1979 (Logan, 1984). | |

~ Water levels measured in 1961 in the Dell City area had dropped an average of
18.5 ft total (5.6@ m) since irrigation became prominént in the area around 1948.
Young (1976) reports that water levels in the Dell City area have declined an average
of 1.5 to 1.7 ft/yr (0.45 to 0.51 ni‘/yr) from 1948 to 1968. During the same period
of record, water salinify at Dell City tripled because of return flow from 'irrigati'on that

leached salts fr‘omv the soil. Production yields from these wells range from 160 to
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- 2,240 gpm (875 to 12,250 m3/d) (Peckham. 1963). In 1960, about 200 wellls' pumped'
100,000 acre-ft (123 x 10° m3) of water from the aquifer This declil1e' of the

- potentiometric surface in the Dell Clty area has caused the wells in the- Delll City areav
to be dlscharge points for the northern part of Aqurfer A ltiis uncertaln whether'
flow from site HU1A would be toward Dell City. Based on the potentrometrrc mapv
' (fg 7) however flow from HUlB is expected to dlscharge at the salt ﬂatSw - |

Discharge of the aqurfer has also occurred through naturally flowmg springs.

Crow Springs, located east-northeast of DeII Clty ‘was an |mportant water p‘asus until
[

the 1950°s when an |rr|gat|on well was drrlled adjacent to the spring. Flow of the
‘spring terminated overmght (Brune 1981).  Other sprmgs in the area that dried up

due to pumpage are Washburn and Persimmon Sprmgs north of Cornudas Cove
l

- Spring on the south side of the Paint Waterhole Mountains, Shot Springs in the

"“Antelope, or Red Hills, Sulphur Springs on the east side of salt flat. Cottonwood

;Spri-ngs southeast of salt ‘flat. and Aparejo or Harness Springs on the south side of
Black Mountain (Brune, 1981). . o . |

.. No exterior drainage from Aquifer A‘ was recorded‘during~ this study. l\lielson and
“Sharp  (1985) offer the pos‘sibil‘ity. however, that intrabasinal flow to the east may
occur in the SOuthern portion-of- the Salt Basin. - : ‘ o

Ground-water-' Geochemistry
~ Chemical and rsotoprc analyses of ground water samples from Hudspeth County
_collected during th|s study are presented in appendax 5. Addltronal chemrcal and |
lsotoprc analyses used dunng the evaluatlon of the southern site in Hudspeth County

(Krertler and others 1986b) and chemlcal analyses from the Texas Water Dlevelopment -

Board (1985) are presented in appendlx 6. : l
' l
l
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Figure 14.  Map of NO, distribution. Higher NO, concentrations (mg/L) exist in
Aquifer B than in Aquifer A. Shallower depth to ground water in Aquifer B permits
more rapid rec_hafge. The source of nitrates may be anthropogenic, and contaminant
can rapidly reach water table through fracture permeability. Some of the wells with

high N03. however, contain no tritium, suggesting other sources of NO'3.
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Figdre 15. Map of ¢ and tritium distribution.  Tritium activity data range from 0
to 32 TU and. except for four ground-water samples. all samples had varying amounts
of tritium, indicating active recharge into both Aquifer A and Aquifer B. Ground water

ages determined by ,14C.ran_ged from recently recharged modern water to 22,831-yr-old

“water. Presence of tritium in water with old **C corrected age may indicate mixing of

very young water with older waters, or it may indicate that the calculated 4c ages

are erroneous. Tritium and 14C activities vary significantly within short distances and

do not show a clear distribution pattern. suggesting the importance of fracture flow.
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Figure 16. Map of 6'20 and 6D distribution. Ground-water samples vary in 620

values from -6.90 to -10.53 °/oo. and 6D values vary from -46.4 to -81.5 °/oo (with

the exception of well LL141). Enriched values, which resemble current annual mean

“rainfall values in Midland, are encountered at the west and southwest parts of the

study area (in both Aquifer A and Aquifer B). where ground-water salinities are

relatively low, tritium activities are high, and the age of the water is young. The

most depleted yalues‘ of 618 and 6D occur in the north, where water has the oldest
14¢ dates and lacks tritium. |
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“Figure 17. Plot of 5180 versus 6D. Values of 6180 and 6D in ground water in the
' study area generally plot ‘parallel to and below the meteoric water line (Cralg 1961).
similar to ground water in the southern’ Hudspeth County and Culberson County sites
_(Kreltler and others, 1986b). These data may reflect a local version of the meteorlc
‘water line, controlled by hlgh temperatures and evaporatlon rates prevalllng in the

study area.
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local version of the world meteoric line. ‘S‘vt-alb)le isbtope data of g'round‘ water from
Roswell basin. eastern New Mexico (Hoy and Gross, 1982), indicate a shift of the
local line to fit the line equation 6D = 7.275180' + 5.36, rather than Craig's eqbuation' ‘
(1961) 6D = 861%0 + 10.  Hoy and Gross (1982) related this -shiff té the highef
temperatures and increased evaporation rates that prevail in eastern New Mexico.
However, isotope data from the Ogallala, Dockum, and Cretaceous aquifers of the
Texas Panhandle (Nativ anbd Smith, 198'5). where climaticvcon-ditﬂidns are "similar. plot
along thé world meteorfc Ii'ne,} rather than below bit. ‘ |

Values of 6_3'45 range,from.v -1v.24> to +16.11%/00, (fig. 18): two-thirds of the
samples have values above +6°/oo. Heavier values (9.28'to 16.11°/00) were
encounter:ed in the north’and»nOrthe'aSt of Aquifer A toward the :disciha'rgev zone
(fig. 7) and suggest that the dissolved SO, in ground water in this area is from
dissolution of anhydrite in the host rock.k 'These 534s values of dissqlved sulfate are‘
typical of Permian sulfate ‘m‘i}nervals (10 to 15°/00) (»Hdef_s. 1973; Claypool ‘and othérs,
1980). The 6%*S of the ground water SO, from Block 46 aﬁd S-15 :(Culberson
County) occ;lpiés a narrow range of +9 to +11°/oo and indicates simple Permian
evaporite‘dissolutioh. In other parts of the study area, values are less enriched,
pos#ibly becauée_ of shortef reacthn time with the host rock., or in the case of
Aquifer B because bf either different 6%s vélués of sulfate minerals in the Cretaceous
host rock or a mixing 6f sulfates from Cretaceous and Permiar_i rocks. “TI>1e h‘ost
depleted 6°4S values are found in the northern part of Aquifer A, where grdund water

vhas other unique features régérding 14C. tritium, 6180.' and 6D values.

Values of 613C‘ra‘ng‘e from -10.35 tb.'-3.64'°/oo (fig. 17). These values are |

heavier than those encountered in the southern Hudspeth County site (Kreitler and
others, 1986b). Most marine carbonate rocks have 53¢ = 0°/00. whereas common

values for organic material and CO, in soil are -25 to -20°/0oo. The concentration of )
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F_ighre 18. Map of 6345 and 613C\distribution.' Values of 63%s range from -1.24 to
+16.11°/00; two-thirds of the samples have values above +6°/0o. Values of s13c
range from -10.35 to -3.64°/oo and are heavier than those in the southern Hudspeth

- County site (Kreitler and others, 1986b). Old ground water in the north has the

most depleted 613C values, whereas young water in the -south and southwest has

enriched values.
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613C in ground water is determined by the input with recharge water and by reaction
with _the roek.v ‘However. the assumption that the enriched values found in ground
water in the study area can be related to longer in‘teraction_ time with the host rocks
is not supported by the dlstnbutron of 6 3¢ values. Old ground water in the
northern part of Aqurfer A has the most depleted §13c values, whereas young water
| wrth elevated tritium values in Aqurfer B has enrrched values. Therefore. a d~|fferent 7‘

mechamsm controls the range and‘ dlstnbutlon of 613C in this areab.
CONCLUSIONS

Lithologies underlying HU1A and‘l-lUlB are »Precambrian rhyolivte‘ porphyry and
~Cretaceous limestone ’interb’edded‘ with some silty and muddy interbedsv, respectively.
The rhyolite porphyry .-is-'fra‘ctured.. The fraetures strike in rhany .directions, dip from
vertical to horizon_t'al. and have limonite and hematite stains on thefracture surfaces.
Most fractures contain nomineral fillings. indicating‘ that they are not sealed.
Cretaceous limestone at HU1B ivs' not as fractured as th’e rhyolite porphyry at HU1A.

The Babb flexure is north of both sites; vhowever fractures away from the
lnferred marglns of this reglonal structure may be related to deformation of the
flexure. The ﬂexure may be the, Permian or post-Permlan expression of a major pre-
Permian strike—sllp fault (Hodges 1975) It s unknown if Cretaceous rocks have been
warped by recurrent movement along the structure. |

Floodlng down Antelope Draw at HU1A may be very i_ntense for short duratlons
and vshould be considered during site select‘ionl. |

R'egional» groun‘d-Water,ﬂOW is mainly from southwest to northeast. The ground-
- water divide is Iocated"close to the Diablo Plateau scarp. the escarpmentv that deﬁnes;«

“the northern edge of the Rio Grande basin, not along the Babb ﬂexure. In the study‘
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area two aquifers are preseht: a shaliow aquifer in the sbuthwes‘tern area with depths
to water generally less than 200 ft (60 m) and a deeper aquifer throﬁgh fnost of the
region with depths to waté_r up to 700 ft (213 m). | :

Rlecharge occurs over the entire study'ér‘ea and is not rest(icted to the updip part
of the potentiometric surface in the areas of higher elevation. Tritium :i‘s found in
nearly all wells regardless of their Ioéétion on the regional water table, indicating‘ rapid
recharge throughout >th'e area. Most recharge probably occurs during flo&ding Qf the
barroyos that drain the plateau. ~Minimal rechérge is expected‘ through the‘ interarroyo
areas. Fractures ére probably important pathways for__rkecharge‘./ Rechérge‘ along :
fractures is the best mechanism to moveA‘recent recharge ‘water>rapidly through a thick
unsatu;atéd sécﬁon. | |

’Ground-water flow is pr’edom\inantly fracture controlled. Three separafe fracture
- sets were identified during a pumbihg test. 'Bec»ausefof the fracture control onv
‘ground-water flow. aquifer permeabilities based on seven pﬁmping vtests were found to
be extremely variable, rangihg from 847 gal/day/ft? (34.63 m/day) to 8.2 x 10'3
ﬂgal/day/ft2 (6.7_5('10;5' m/day). Transmissivities wer~e found to range from
49.986 gpd/ft of drawdown (6,683 ft?/d or 621 m?/d) to 2.39 gpd/ft of drawdown
(0.32 ftz/d or 0.03 mz/d). Water wells in the Dell City area have ré‘p‘orted‘
transmissivities greater thabvn 388.000 gpd/ft of drawdown (51,872 ftz/d or 4819 mz/d)
(Logan, 1984). vMinimu>m transmisSivit'y Coula be :deter‘m’i_ned for only three wells
because the pumps installed in the wafer ‘wells never ;adequateiy» stressed the aquifer.
All of the calculated transrﬁiésivities shduld be used with caution because the
;alculations are based on 5s§umptions of pb_rou# media ,fl,_c,;w and not fracture flow,
‘and they répreseht only seven pumping_ tests. The fractures ‘may cause a vevr'y
anisotropic systém, and flow may not be directly down th e regic‘)naly poté'ntiometric.
gradient. Discharge is either by evaporation on the sélt flats ér through pumping

~wells.
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Total dissolved solids content ranges fr;im 715 to 3.803 mg/L’. » The dominant
water types vare’ Na-'SO4 and CaSO4. Many of the waters have high NO3
; concentrationbs. whichi slu.ggests recent recharge and possible contamination byv animal
wastes.  The chemical composition of the waters app‘ears to be randomly distributéd:
there is no ‘coherent chemical»vevolution of the Water as it flows down the
potentiometfic g’radient. This may /be due to con}trofl of flow by fracture path’ways
and by VIocaI: recharge across the entire Diablo Plateau.

The shallower aquifer may or may not be pvr'esent at eithér site, alth.ough it is
not used in the immediate vicinity of either site. Depth to ground water in the

deeper aquifer beneath the sites is probably greater than 600 ft (180 m).
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Appendix . Records of wells and spr‘ings in Hudspeth County sites.
Measurements are in feet.

Ground- .Water- Water; .
TwCl level level level ., Total
BEG ID Well name ID Coordinates elevation depth elevation depth
LL106 Alamo Arroyo Spring _ ) 4,500 4,500
LL107 48-42-1 31°22'12"  105°50'52" 3,855 335 3,550 450
LL108 43-42-404 31°18'56" '105"51'27" 3,610 90 3,520 267
LL109 43-41-6183 31°17'31"  105°5245" 3,523 10 3,513 305
LLI110 Miller Feedlot 48-41-2 »31°l9'37" 105°54'55" 3,545 o8 3,536 ) 160
LLILL a 48-33-9 31°23'18" 105°53'18" 3,882 - 327 3,555 367
LLI12 Heéd of Canyon Wm R 31°31'%2"  105°42'05" 5,059 380 4,679 720
LL113 Wilkey Well No. ! C31°23'23" 105°40'48" 4,307 600 3,707 730
LL114 Wilkey Well No. 2 31°2248" 105°39'07" 4,346 76 4,270 200
LL1I5 Gunsight Well 2 31°25'03" 105°30'20" 4,780 405 4,375 480
LL116 .Owen Well . 31°22'31" . 105°45'50" 4,014 . 120 3,894 300
LL126 ‘Low Level Well 31°24 14 105°4332" 4,179 478 3,699 530
LL127 Gunsight Well | ) . 31°24'43" 0 105°34045" 5,154 627 4,527 690
LL128 Temple Well 48-24-1 31°u4'40" - 1 105°05'25" 3,726 107 3,619
LL129 . Guillen E on Well 48-23-201 31%448" 105°12'06" 4,007 429 3,578
LL130 Desert Inn Well 48-14-7 31%5'56" 105°21'22" 4,135 ‘ :
LL13! Cornudas Cafe Well 48-13-7 31°46'45" 105°28'09" 4,304 }
LL132 Williams Ranch House 48-20-6 31131 105°30'09" 4,334 709 3,625
Well - . ‘
LL133 Puett Well 48-13-8 31°46'38" 105°26'53" 4,34
LL134 Hobo Well-Deep 4'8—20-5 : 31 1uyn 105°33'O7" 4,416
LL135 Jardin Well 48-30-4 \ 3103327 105°21'25" - 4,282 528 3,754
LL136 Sparks Windmill 48-14-9 31°46'18" 105°16'45" 4,053 446 3,607
LL137 Sparks House Pump 48-14-8 31°%5'39" 105°18'04" . 4,032 510 3,522
Well . '
LLI138 Williams #4 Well 48-12-8 31%46'21" 105°33'09" C 4,409 790 - 3,619
LL139 Stewart #2 Well 48-12-5 31°48'30" 105°32'52" 4,447
LL140 Adobe House Tank Well 48-21-5 314110 105°25'18" 4,200
LL141 Bravo Well 43-29-3 31°36' 14" 105°24'27" 4,278 628 3,650
‘LL142 Three Sisters Well ‘ 48-29-1 31°36'10" 105°28'138" 4,362 48 4,314
LL143 Sumrall Well 48-16-7 31%5'57" 105°05'20" 3,668 100 3,563
LL 144 Foster House Well 48-14-1 31°51M4y" 105°21" 44" 4,136 ) :
LL145 Fo\s’ter South Well 48-13-9 31%4715" 105°22'47" 4,182
LL146 Stewart #1 Well 48-12-5 31°48'29" - 105°32'56" 4,445
LL147 Beard #1 Well 48-12-7 31%46'07" 105°37'02" 4,523
LL148 Red Well .48-23-7 31°3747" 105°14'20" 4,075 463 3,612
LL149 Sampson-Well 48-23-1 31°42'04" 105°12'45" 3,386 262 3,625
LL150 South Well 48-28-3 - 31°35'29" 105°30'08" 4,430 63 4,367
LL151 Moon Well . 48-38-1 31°29'45" 105°21'59" 4,336 . 160 So4,176
LL152 Gibbs Well 48-1#—4 31%49'17" 105°20'17" 4 ,081. )
LL153 Hartnutt Well - 48-31°9 31°3_l'20" 105°09'33" #,509 .
LI;IS# Flattop Well- Figure 2 48-24-9 31°37'49" © 105°02'10" 3,745 294 3,451
Ranch - o . .
LL155 Frederick Well 48-39-1 31°28'16" 105°13"16" 4 ,363 742 3,626
LL156 Baylor-New Well 48-37-3. . 31°28'05" 105°22'59" 4,408 210 4,198
LL157 Baylor-Old Well 48-37-3 © o T31°27v38 105°24'51" 4,449 72 4,377
LL158 DesertInn Abnd. Well 48-14-7 31%5'38" 105°22'05" 4,170 ‘ 549 3,622
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Appendix | (cont.)

= Ground- Water- Water-
Twecl ' level level . level Total
- BEG ID Well name ID Coordinates ‘elevation depth elevation - depth
LL159 Abnd. Adobe House 48-21-5 31°41'06" 105°25'15" 4,201 583 3,618
Tank
LL160 ‘Hobo.Well-Shallow . 48-20-5 31%% 148" 105°33'08"" 4,415 18 4,397
LL161 Geothermal Well = 48-21-6 31%4 167" 105°22'40" - 4,224 74 4,150
(UTEP) . .
LL162 Williams Pump Jack #1 48-21-4 ) 3'l°41'18>" 105°28' 50" 4,303 677 3,626
LL163 Cavender Well = 48-24-4 31°l¢2'15"v 105°07'19" 3,332 310 3,522
LL164 Graham Well 48-24-2 31%43 34" 105°034Q" 3,668 100 3,568 -
LL165 Bill Crane Well 48-24-5 Co31ey sy 105702’38“ 3,658 140 3,518
LL166 Morrison Well 43-24-6 31°40'34" 105°01'48" 3,629 40 3,589
LL167 Wesley West Well’ 48-24-9 31°38'20"  105°01MI1" 3,659 80 3,579
LL168 Black Mountain Well  48-23-9 31°39'39" 105°07' 34" 3,993 460 ‘3,533‘
LL169 Babbs Well 48-32-6 31°3438" Los5ea122" 3,718 123 3,595
-LL170 48-07-101 31°58'08" 105°14'39" 3,304 205 3,599 700
LLI71 o 48-07-102 31°57'33" 105°1 440" 3,795 : (218 3,577 962
LL172 43-07-206 31°59'25" 1os5°1202" 3,709 129 >3,580 215
LL173 ) 43-07-207 31°58'10" tos°12ol” 3,707 C 122 3,585 712
LL174 : 43-07-210 31°58'15" Lose1227 3,721 145 3,576 - 240
LL.175 48-07-214 - 31°57'56" 105°10'57" 3,673 93 3,585 500
LLL76 48—07-.304 31°58'00" 105°07'55" 3,644 60 3,584 _
LL177 ' ’ 48-07-405 31°56'L7" Los°L327 3,755 175 3,580 230 |
LL178 i 48-07-414 . 31055713 105°14'39" 3,795 212 3,583 630
LL179 48-07-418 31°56' 17" 105°14'39" 3,805 216 3,590 886
LL18O » 48-07-501 31°55'37" oserrs 3,688 106 © 3,532 »
LLI8! 48-07-504 31°56'11"  105°12'00" 3,696 72 3,624 175
LL182 ‘ 48-07-516 31°56'37" 1o5°1202" - 3,705 119 3,586 300
LL183 : © 48-07-606 31°57' 10" 105°09'51" 3,651 67 - 3,583
LL1SY4 48-07-607" 31°55'23" 105°08'51" 3,641 .59 3,582 .
LL185 48-07-706 31°53'34" v105°12'38" 3,712 131 3,581 835
LL186 » 43-07-708 31°52'37" 105°12'32" 3,722‘ 138 3,584 : 1,583
LL187 - 48-07-801 31°54'53"  '105°10'56" 3,658 80 . 3,578 ‘ 200
LL188 L 48-07-303 . 31°53'31" 105°12'00" 3,693 100 . 3,593 278
LL189 43-07-901 3195456 .105°07'49" 3,637 53 3,584 300 .
LL190 ‘ 48—07-904 3[°5327" 105°09'51" 3,660 62 ' 3,598 780
LL191 v 48-08-102 31°59'03" 105°07'17" 3,642 56 3,586 392
LL192 o 48-06-201 31°59'59" 105°17'54" - 3,940 . 303 3,637 - 1,100
LL193 ' " 48-06-601 31°56'20" 105°16'L5" 3,874 310 3,564 1,505
LL194 o 48-15-203" 31°5143" 105°11'55" 3,715 138 3,599 325
LL195 48-15-301 . 31°50'53" 105°O9'19'f 3,652 60 3,593 320 -
LL196 : ' 48-16-402 - 31%%8'26" 105°05'31" 3,652 61 3,591 140
LL197 (Eclipse Well) 47-01-7 31°54'57" - 104°58'24" 3,671 50 3,621
LL198 48-08-9 - 31°52'37" ~105°0045" 3,635 122 3,613
f.Li99 " 43-08-4 31°55'23" 105°06'05" 3,616 ! 3 3,613 °
LL200 - 48-16-8 31%5 1" 105°02'50" 3,622 ' 23 3,599
LL201 : : 47-09-1 . 31°50'58" Logesy 21" 3,697 91 3,606
LL202 : : 47-09-803 31%5'19" 1v04°55'01" 3,790 - 191 3,599
~LL203 ) 47-09-805 ‘ 31%6'51" | 104°56'17" 3,696 97 . 3,591 515

LL204 L 47-09-8 31%46'10"  104°56' 16" 3,722 130 3,592
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Appendix | (cont.)

. : . Ground- Water- Water-

: s Twcl ’ level level level Total

BEG ID Well name 1D Coordinates elevation depth elevation depth
LL205 (Black John Wel)  47-17-3A 34H27" L0535 3,805 202 3,603
LL206 47-17-6A . 31M0S1T 1085350" 3,722 135 3,587
LL207 | L 47-17-6B 0 31°4039"  10©SK06" 3,708 11 3,567
LL208 , 47-17-6C 3040510 L0WSH ST 3,639 29 3,610
LL209 (Hardluck Well) 47-17-38 3142207 10°5W06" 3,697 97 3,600
LL210 - 47-17-3C 34I3IL0WSH02 3,755 159 3,59
LL21l W7-17-2A  31MW33 LOWSE00" 3,717 112 3,605
LL212 o 47-17-28 314338 1065603 3,688 84 3,604
LL213 u7-13-4A 31°3737%  L0W5225" 3,762 . 163 3,599
LL2ly - 48-32-3 31°3630"  10°0039" 3,636 39 3,597
LL215 (Curton Well?) 47-25-4 3193245 1040582647 3,650 48 3,602
LL216 ’ ©u7-26-7 - 31°3luat LOWS230" 3,674 83 3,586
o oLearz 47-26-9 313118 108602 3,786 202 3,584
 LL218 Abandoned Well 48-12-9 314613 103051 4,325 675 3,650
LL219 Love Well  48-39-701 32017101350 4,517 389, 3,628
LL220 Maupin Well 48-33-703 3123147 105°2037" 4,515 883 3,627

ITWC well identification system has 3 sets of numbers; preliminary wells have | number in the last set,

permitted wells have 3.
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~ Appendix 2. Hydraulic conductivity measurements in unweathered

bedrock of the unsaturated zone.' Diablo Plateau.

The hydraulic .,condu:ctivity of t/wgl) ‘invt_eirva‘ls .of unweathered becirqck was
measured at sites HU1A and HU1B to characterize potential migration r;tes in the
area. Procedure and interpre’tatiohs f‘ollow‘ those repbrt_ed by Boersma (1965) and
Freeze and Cherry (1979). The method used is referred to as the shallow well -
pump-i‘n method, the pievzometjric‘ method, or' the ’dry-'al'jger-h{ole 'methbd. This
me‘thbd requir‘es‘ban unconvtaminate,d'boréhole.] d,ri‘llevd‘with ” either a hollow—sitem auger
" or a rotary rig. and a"dri_ll'bit‘ utilizing compressed air to circulate cutt.iin‘.'gs td t‘he\
surface; “At" site HU1A, the'intérv\al to be tested vc'onsi’ste_d of\‘unweatheréd rhyélite_-»
[\)Orphy‘ry.f .Attempts to core t,hviys ‘svec't'ion wuth air proved unsuccessful (b?eéause of
‘tremendous heat bu'ildup); and 'frés‘h'vwate_r had to ‘be uged v‘tvo circulate Cufztings and
cool thé core bit."'To a lesser vextent'. _avsimilar‘ sitﬁation existed at ?HU"IB in
Cretaceous> Campagrénde limestones and was also c6_re,§ with fresh Wafer, E;'I'o reduce
borehole contamination, the fresh water was circulated only once »tokzk'eep"the-
bor_‘ehole flushed of'vcﬁttingsbr. _ :

Water was then supplied to the teét int’ervla‘l and maintained at a const%ant level.
The rate of wéter input was adjusted until ab st’eady state was achieved. ‘v?-HydrauIicv
conductivity was theﬁ 'cak':u‘lat‘ed,'using the following equation: - | |

7['n(h/}r'+lj(h/r)‘2 - 1) . 1] Q
K = _ — |

: 21h2‘

|
where 5
|

K = hydraulic conductivity (cm/hr)

h = depth of water maintained as. measured from the bottom of the hole (cm) :

B * ]



r = the radius of the test hole (cm) |
Q = rate at which water flows into the test interval (cm3)

| Tests performed during this study were conducted on two different units,
unweathered rhyolite porphyry at HU1A and unweathered limestone at HU1B. In
~ previous té'sts‘in the Fort. Hancock area (‘Kreitler éndvothvers. 1986b). ﬁniform coarse
-sand was added to the fest holg before édding water fo stabilize the Walls; of the
hole. This was not neCeséary for these tests, however, due to tﬁe cohpétent‘ nature .

of the intervals tested. Results of the two tests are presented in the following

- table.
: . Final rate
Depth of  Length of the  Radius of the  of flow into
Tested borehole ~ tested interval borehole ~the borehole
lithology  (cm) (cm) (cm) - (cm3/hr), (cm/hr)
~ Rhyolite 1,524 914 3.7846 240,000 .0935

Limestone 1,524 ' 914 4.8133 1,182,000 .4415

Hydraulic conductivity of the rhyolite at HU1A was calculated to be 26.8 ft/yr
(8.19 m/yr) and that of the limestone at HU1B was 126.6 ft/yr (38.6 m/yr).
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Appendix 3. Pumping test data and interpretation.

In order‘to deterrhine the hydraulie propeities of ‘bot>h aquifers A and;?B,b seven
pumping teIStsw (PT) were conducted on water wells evenly spaced across the Dia_blb
"Plateau within the study area (ﬂg A3—1) The first pumping test was con_dected in
‘ September 1986, and PT'.#Z throdgh_ 7 were performed _from'Jan'uary fo March |

1987. Three of the seven pumping tests resulted in only minimal, frela'tively‘

instantaneous drawdown of the prc‘)duc‘ing‘aquife'r.‘ because of'inadequéte pjroductioh, o

cépacity of the water well required to stress ’the ’aquifer. "Driscoll (1986) offers one
method to determine whether or not this eeﬂ'y drawdown is the result of wellbore
storage or ectual "drawdown of the aquifer. In each of the three pump’ing feste
" where this was .suspe.cte‘d, all or part of the drawdown wasbattrirbuted' to wellbore
storage. When‘all or part of a very small ‘dra\wdowﬁ curve us attributedbtoj wellbore
storage, no method cé.n reliably‘berused to deterrﬁine__transmissi'vity,. The ifollowing
- “is-a detailed discussion of each pump‘ing- test. methods used during analysis. and the
resulting transmissivity. A s'um‘marvy of this deta also appears within the h}yd‘rologic

section, Water¥bearing Characteristics.
PT #1

Ih erder to 'deterrﬁine the hbydrvaulli,c' pafameters of the ‘regionall ‘aq'uifer.i PT #1
- was conducted in well LL162 at Williams Ranch, Hudspeth County (fig. "A3-‘1)V. "The
well is located 6.7 mi (10.8 km) west—n':orth'west\ of thevintersectionv b‘e.fweer‘\ Ranch-
to-Market Roads 1111 and 2317 (fig. A3-2). vTBis welli was drilled by El Paso
Natur‘alb Gas Compan‘yvto serve as a water supplyr well for their pump stafion #2.

It was drilled into probable Victorio Peak - Bone Spring Iilmestonee' of Permian age

)
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. to a‘n4orig‘inal total depth of 1.214tft‘(37_0 m) Wellbore diameter was 8 inches

(20.3 cm). Static water level in this well was measured at 677 ft (206.3 m) below
land surface. and the séturated thickn‘ess isvapp‘roximatelby 400 ft (1219 m). Two
adjacenf wells, LL219 and LL220, located k468 ft (‘142 .6 m) north-northwest and
1k.32‘6 ft ‘(404 m) northwest of ‘LL162. respectiVely.‘serve'd as observation wells for
"the test. Water levels in these we'IIs‘ were measured at 671.5 ft (204.6 m) and
682.5 ft (208.0 m) respectively, below land bsurrface.' A sha_llowlai:guife‘r' (seev
Hydrolégic Settfng, this repo‘r‘t) was found in observation well LL219 at a dépth of
about 200 ft (6_1’m) below land surface. Cascading ground water ffom this level to
.'th‘e bdttom of the well was clearly audible in this bofehole a‘nd was also iobserved
on fhe electric line-probe from 200 ft (60.9 m) down to the producing aquifer.

The test started a‘t 12:40 pm on Septe_mber 26, 1986. _}Prod‘uctio»n rates v_v'e”re
es/sehtia’lly constant throughout _thé Vdrawdo"Wn phase at 97 to'10.1 gpm
~(table A3;1).’ During the pumping period, which lasted 32 >hr and 50 min, the
recorded water level dropped 60.5 ft (18.4 m) in the pumping well (fig. A3-3, A3-4,
table A3-1), but no drawdown :was detected in the observétion wells. When the

pimﬂp was turned off at 9:31 p.m. on Septemberv27. the reéovéry.of water level was

monitored for another 31 h‘r and 30 min, until 5:00 a.m., Sep‘tember 28. By that

V;timre 58.4 ft (17.8 m) of the 60.5 ft (18.4 m) of drawdown had recovered (fig. A3-5,
table A3-2). | | | |

| wa distinct segments appea r on figures A3-3 and A3-5. The change in slope
of dréwdown curve with time could be the result of several possible scenarios'th'atr
“may affect interpfetatiOn_ of thve‘ data. | | |
A. The testéd.deep abq“ui,fevr is semié‘o/nﬂned. ahd vth‘e sHallow acjuifer rﬁay Ieék
—vinto' it. Considering this _'i_ntérprétation.' the early part of the test represents

nonsteady flow and n"onleaky conditions. bLe‘akagekfrom the shall,ow aquifer starts at
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suggestmg (1) Ieakage from Aquufer B to Aquer A after a short drawdown that was
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Time
(hr)

12:40:00

12:40:30 .

12:41:00
12:41:30
12:42:00
12:42:30
12:43:00

12:44:00
12:45:00
12:46:00
12:47:00
12:48:00
12:49:00
12:50:00
12:52:00
©12:54:00
12:56:00
©12:58:00
13:00:00
13:05:00
13:10:00
13:15:00

- 13:20:00

13:25:00
13:30:00
13:35:00
©13:40:00
13:50:30
13:55:00
14:00:00

14:05:00
14:10:00

14:15:00

14:20:00

14:30:00
14:40:00
15:10:00
15:40:00

16:10:00

16:40:00

17:10:00 -

17:54:00
18:10:30
18:13:00
-18:41:00
19:10:00
19:40:00
- 20:17:00
20:40:00

Table A3-i. Drawdown data from pdmping test no. 1 at well LL162. ‘

Time from
beginning of
pumpage (min)
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Depth to

water level

(ft)

1680.00
680.00
680.27
680.625
680.792
680.917
681.083
681.208
681.396
681.688
682.042
682.458
682.917
683.292
683.542
684.208
684.542
685.083
685.496
685.83
686.771
687.542
688.354
689.188
© 689.979
690.500

691.229
692.250.

696.854
698.646
701.166
'702.729

703.896

. 704.960
705.750
707.000
708.166

- 710.760
713.33
715.65
717.63

719.50
721.44

722.15

723.25
724.29
724.96
- 725.94
726.65

VVatérlevel»
drawdown
(ft)

0.00
0.00
0.27
0.625
0.792
0.917
1.083
1.208

1.396

- 1.688
2.042
2.458
2.917
3.292
3.542
4,208
4.542
5.083
5.496
5.83
6.771
7.542

»8}354
9.188
9.979

10.500

11.229

12.250

16.854

18.646

21.166

22.729

23.896

24.960

25.750

27.000

28.166

30.760

33.33

35.65

37.63

39.50

41.44

42.15

43.25
44.29
44.96
45.94
46.65
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Flow meter

reading

(gaD

3,353

- 3,361
3,365
3,371
3,378

3,387
3,390.

3,403

3,424

3,434
3,445
3,454
3,476

3,496

3,517
3,537
3,557

3,661

3,760

3,862

3,964

4,067
4,166
4,268

4,368
4,469
4,569
4,873
5,174
- 5,476.
5,778

6,080 .

6,710
6,992
7,280.
7,573
7,945
8,170.

5»

Well

| discharge

(gpm)

=)
.
o

—
.
cocoo

—
vo o

e
OO0 I ©O | O IO | O©OI W IO I COCOHWOUKOO | NNW | &N0o |
. . . . . * . . : . [ . . . . . .

— — — O N o g g
. . Ll . . . . ) .
© (XWX XY [7-) 'S cCouvuuocoocoow

-
(3%

b
o
- O

.

10.03
10.08
10.05
10.07

10.0
10.07
9.95
- 9.75
10.05
9.80



Table A3-1. (cont.)

Time from Depth to Water level Flow meter Well
Time beginning of = water level drawdown reading discharge
(hr) pumpage (min) (£1) (ft) (gal) (gpm)
21:40:00 540 728.00 - 48.00 8,761 9.84
22:10:00 570 : : 9,045 9.80
122:40:00 600 729.33 49.33
23:37:00 657 9,999 10.97
23:40:00 660 730.88 50.88 - -
01:11:00 751 732.17 52.17 - -
01:40:00 780 732.71 52.71 - -
02:40:00 840 733.50 53.50 -
02:42:00 842 11,710 9.25
03:40:00 900 734.08 54.08
103:42:00 902 12,290 9.67
04:45:00 965 734.71 54.71 12,921.5 10.02
05:30:00 1,010 13,365.0 9.86
05:40:00 1,020 735.16 55.16 '
06:47:00 - 1,087 735.58 55.58 14,112 9.70
07:40:00 1,140 736.0 56.00 14,637 _ 9.91
08:40:00 1,200 736.44 56.44 15,223.5 9.78
09:40:00 1,260 736.63 56.63 15,820.0 9.78
13:23:00 1,483 18,000 9.82
13:25:00 1,485 738.17 58.17
14:38:00 1,558 18,732 9.76
14:46:00 1,566 738.50 58.50
16:54:00 1,694 _ 20,065 9.80
16:56:00 1,696 739.00 59.00 o
18:34:00 1,794 21,040 9.75
18:40:00 1,800 739.87 59.87
21:08:00 1,948 22,570 9.94
21:10:00 1,950 740.35 60.35
21:31:00 1,971 740.50 60.50 22,784.5 9.75
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Figure A3-5. Time-f'ecovery curve matched to Walton type curves for pufnping test
no. 1 in well LL162. Two distinct segments appear on the curve, similar to the

time-drawdown curve.
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Table A3-2. Recovery test data from pumping test no. 1 at well LL162.

' Time since pump started
Time from Time since pump stopped Depth to Residual @ Water level

Time beginning of : (tp + At) water level drawdown recovery
(hr) recovery (min) ' , At (ft) (s") (ft) ‘ (ft)
121:31:00 0 © , 740.50 - 60.5 0
21:31:30 0.5 3,943 738.69 58.69 1.81
21:32:00 1.0 1,972 - 736.92 56.92 - 3.58
21:32:30 ‘1.5 1,315 735.63 55.63 4.87
21:33:00 2.0 986.5 ‘ 734.58 54.58 5.92
21:33:30 2.5 789.4 733.37 53.37 7.13
21:34:00 3.0 658.0 732.46 . 52.46 8.04
21:34:30 3.5 564.14 - 731.42 - 51.42 ‘ 9.08
21:35:00 4.0 493.75 730.65 50.65 9.85
21:35:30 4.5 439.0 - 729.73 49.73 10.77
©21:36:00 5.0 395.20 : 729.17 _ 49.17 11.33
21:37:00 6.0 329.50 727.79 47.179 12.71
21:38:00 7.0 282.57 , 726.60 46.60 13.90
21:39:00 8.0 247.38 725.59 45.59 14.91
21:40:00 9.0 220.0 724.67 44.67 15.83
21:41:00 10.0 198.1 : 723.73 - 43.73 16.77
21:43:00 12.0 165.25 722.19 - 42,19 18.31
21:45:00 14.0 - 141.79 : ‘ 720.82 40.82 : 19.68
21:47:00 16.0 124.19 - 719.75 v 39.75 ‘ 20.75
21:49:00 - 18.0 110.5 - 718.78 - 38.78 21.72
21:51:00 20.0 99.55 - 717.85 37.85 : 22.65
21:56:00 - 25.0 79.84 © 716.05 36.05 24.45
122:01:00 30.0 66.70 714.7 34.69 25.81
22:06:00 35.0 57.31 713.41 33.41 27.09
22:11:00 40.0 - 50.28 712.31 32.31 28.19
22:16:00 45.0 44.80 ' 711.41 31.41 29.09
22:21:00 50.0 40.42 710.74 30.74 29.76
22:26:00 55.0 36.84 710.12. 30.12 ' 30.38
22:31:00 . 60.0 33.85 709.60 29.60 30.90
22:36:00 65.0 31.32 709.13 29.13 . - 31.37
22:41:00 - 70.0 29.16 708.71 - 28.71 - 31.79
- 22:46:00 75.0 27.28 : 708.35 28.35 ’ 32.10
22:51:00 80.0 25.64 708.04 28.04 - 32.46
85.0 -

22:56:00 24.19 707.71 -27.71 32.79°
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Time

(hr)
' 23:01:00

23:06:00

23:11:00
23:21:00
- 23:31:00
24:01:00
24:31:00
-01:01:00
01:31:00

102:01:00

02:31:00

- 03:01:00
03:31:00
04:01:00 ..

04:34:00
05:01:00
-.05:31:00

©06:31:00 .

07:01:00
07:34:00
08:10:00
08:31:30
09:01:00
10:00:00
11:00:00
12:00:00

-——13:38:00 -
15:19:00
19:00:00
05:00:00

Time from
beginning of
recovery (min)

90.0
- 95.0

100.0

110
120

, 150

180
210
240
270
300
330
360
390
423
450
480
540
570
603
639
660.5
690
749
809
869

e 96T

1,068
1,290
1,890

Table A3-2. (cont.)

Time since pﬁmp' started
Time since pump stopped

(tp + At)
' At

22.90
21.75
20.71
18.92
17.43
14.14
11.95
10.39

9.21
8.30
7.57
6.97
6.48
6.05
5.66
5.38
- 5.11
4.65
4.46
4.27
4.08

- .3.98

- 3.86
3.63
3.44

- 3.27

o 3.04

- 2.85
2.53
2.04

Depth to

'~ water level

(f1)

- 707.40
707.11
706.83
706.35
705.89
704.23
701.28
698.17
695.85
694.34
693.10
692.25
691.46
690.98
690.35
689.90
689.317
688.59
688.20
687.83
687.42 -
1687.13
686.88
686.30
685.72
685.31
684.63

684.03

1 683.29
682.08

Residual
drawdown

(s") (ft)

27.40
27.11
26.35
25.89

124.23

21.28
18.17
15.85
14.34
13.10
12.25
11.46
10.98
10.35
9.90
9.37
8.59
8.20
1 7.83
7.42
7.13

. 6.88

6.30
5.72
5.31
4.63

3.29

. 2.08

Water level

recovery
()

33.10
33.39
33.67
34.15
34.61
36.27
139.22
42.33
44.65
46.16
47.40
48.25
- 49.04
49.52
50.15
50.60
51,13
51.91
52.30
52.67
53.08
53.37
© 53.62
54.20
54.78
55.19
55.88

57.21
58.42



e'arly‘x drawdown' When, water level appr,()ach’es 10 to 20 ft >(3.0 to 6.1 m) A‘vsimilar
effect can ,be seen on the recovery curve. When water leyel_recdyer’s to 10 to 20 ft
.(‘3‘.0'to 6.1 m) beldw its initial stage, a change in SIope can be observed. The
presence of afshallovy aquiifer at the adjacent,observatfon well (LL219) may rs,upport
this “explanation:. lnterpretation of the test data based on these conditions can be
| done by ‘matching Walton'bsb (1970) set of type curves for unsteady flow in
»asemlconfned leaky aqun‘ers to the tlme-drawdown and tlme-recovery plots (f'gs. A3—3

and A3-5). Wal,ton developed a ‘method of solution that foli,owed the Thels me’tho‘d'

(Kruseman and De Ridder, 1976). but, instead of one type"curve. he used a family . .

of type curves for several values of r/B (a ratio that includes the coeffrcuent of,f
.transmlssmty permeablhty and saturated thlckness of the Ieakmg aquutard)

: ,Transmrsswuty is calculated as follows: .

1146 Q W(u, r/B)

T = _ .
o ' S
‘where
T = transmissivity (gpd/ft).

Q = discharge rate (gpm)

= drawdown or the resrdual recovery (ft)

W(u. r/B) = the well functlon (Kruseman and De Rldder 1976) and the Y coordinate
of the match point from the type curve.

o The early Apart of the. drawdown (30’rnin) may' repres,ent the ﬂcw in.the pumped
aqUifer when no. Ieak'age from the upper aquifer waé involved vTh'e Iagte part o-f‘the;
test may also mclude water contrrbuted from the upper aquufer a’s_a;‘resu‘l’t"of-' the
: change in. head in the deeper aqurfer Two transmrssrvrty values were calculated fo’r '
both - part_s of the drawdowyn, - The early data set was m"atched' to 'th‘e-nonleaky
~ artesian type curve.vand ‘the match point had the coordi:vnates (W.. 1/(1)%-’-‘(1.100) and

(s.t)=(4.55 ft. 380 min). The late part of the data curve was matched with the
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c‘ubrve'r/B=>0.i2,»andbthe match point had the coordinates (W,l/u):(l.flOO) and
'(s.t)=(18 ft. 1500 min')v(ﬁg. A3-3). Pﬁmpage rate used for the calculation was the
mean value of 10.01 gpm.‘ Tra‘nsmissi'vity values calculated from both ipafrtvS’of the
test were 252.1 gpd/ft for the early ‘part, and 63.7 gbd/ft for the ;late part
(33.7 ft/d or 3.1 m¥/d and 85 ft/d or 0.8 m?/d). respectively. R

~ The early recévery part of the test (120 min‘)vwas used to check on the valu»esl
vt}:alculated for t-he pumping period that were signifiqantly' differenf. By matching the
data to the curve r/B=0.2,‘bwe found that the match point had the.coordiinate‘s, (W,
'1/u)=(1.100) and (s':.t):(io.s ft and _12)3 min) (fig. A3-5). and the calculated
transmissivity was 111 gpd/ft (14.9 ft.z/d or 1.4 mz/d) This value is higher than
. the value estimatéd for the symmetric late»pumping period during‘ the dr'awfdown’ part
of the test. o | ‘ o

B. Nonsteady flow. the aquifer is c_onfined. and the two s.egmeAntsﬁ on both
curves represent the permeability of the area arounvd the borehol‘e‘ at the ‘early time
and the mére regional pattern of permeability at a later stage. Iﬁ. this case, Jacob's
method (Krusemaﬁ and De Ridder, 1976) can b_e.ﬁsed_ for ihterpretatvion of the late
“part of the drawdown, and the Theis feéovery metho‘dv (Kruseman and D;e Ridder,
1976) can be use(; for evaluation of both stages of recovery. |

Jacob deQeloped a method to calcula'te the trénsmissivity'_ based on.the Theis
formula for cases in which the value of u is small (u= r25/4Tt: r is the well
- diameter, S is the storativity, T is tbhe,trabnsmissivity. and t -is thé test duration). U

is small as t (test duration) increases, and therefore the later part of the drawdown

is suitable for the analysis.  Transmissivity is calculated as follows:
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.where
T = transmlsswlty (m /d)
_Q’# discharge rate (m>/d)

=*dr‘aWd'own (m). o ‘

Three segments were found on the drawdown curve and may represent the
dewatermg of three separated fracture systems ‘as the cone of depressron extended

' further from the pumpmg well. F_or the calculation As were 7.5 ft/log cycle for the

N

early phase, 31 ft/log cycle 'for'the lntermediate‘ time, va'nd 16: ft. for the late part of

the test (f'g A3 5). Calculated transmrssrvrty values were 111 84 and 158.6 gpd/ft '
(149 f2/d, or 144 m /d 11.3 ft /d or 1.05 m?/d, and 21.5 ft /d or 1.97 m /d)
respectlvely ' e

,‘T_he Thels' method was used to calculate transmissivity - from the time-recovery

~curve following the formula:

vvhere :

T = transmrssrvrty (m /d)

._ Q = drscharge rafe (m /d)

§'= resndual drawdown (m) -

B In thelr calculatlons As’ values’ were 20 and 21,5 ft/log cycle for the early and-
late perrods of recovery respectlvely Calculated transmrssnvrty values for the early, ,‘:
1 and Iate part of the recovery curve (fig. A3 6) were 1306 gpd/ft and 121 5 gpd/ft‘v':*‘
(174 ft /d or 16 m /d and 16.2 ft /d or 1 5m /d) respectrvely | '
| Transmrssuvrty values calculated by the methods of Walton Jacob and Thers for

' both a semlconfrned Ieaky aqunfer and a confmed nonleaky aquer range from
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Figure A3'-6.’ Time-recovery'plot interpreted using Theis’ method for pumping test no.
1 in well LL162. | | | |
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63.7 gpd/ft to,252.1 gpd/ft. and the mean transmissivity calculated from all methods

is 120.1 gpd/ft (17.3 ft2/d or 1.6 m%/d).
PT #2

PT #2 was éonducted‘in wéII_LL156 at the Baylor Ranch, Huds‘peth' County
(ﬁg.v A3-1). The well is located approxima‘tely 1.9 mi (3.0 km) east-northeast of the
Baylor Ranch Headquarters.v" The ranch road leading to this well‘.is 20.7 mi
(33.3 km) north of Sierra Blanca, ‘Texas. and the well is 2.0 mi (3.2 km) west of -
“Ranch to Market Road 1111. This well was drilled in the summer of 1986 by Leroy
Perry of Dell City for the owner, James Baylor. It wasr drilled into probable
Cretaceous Cox Sandstones and Campagrande Li,mesfones.' as indicated by Ioéal
outcrops and by examination of cuttings by BEG personnel during the drilling of this
well. Total depth of the well is apprdximately 265 ft (80.8 m). and wellbore
diameter is 6 inches (15.2 cm). This well has 20 ft (6.1 m) of surface casing, and
thev producing interval was developed as an ‘o’pen-hole completion. Static water level
in this well wés measured at 206 ft (62.8 m) bélow land surface‘. and the saturated
thickness in this wellbore is approximately 59 ft (17.9 m). No water wells or
wellbores were av;ailable in the immediate area for use as observation wells. This well
is producing NaSO4 waters from aquifer B, and total dissolved solids were measured
at 936 mg/L. - B

The drawdown phase of PT #2 was initiated at 10:30 a.m. on January 24, 1987.
Although the well is equipped with a submersible pump, discharge rates varied
cbnsidetably durfhg the pumping period, from 14 gpm to 36 gpm, with a mean
dischalfge rate of 27.5 gpm (table A3-3). . During the pumping period.vwhich lasted 50
} hr, the recorded water level dropped only 1.3 ft (15.75 inches; 40.0 cm) (fig. A3-7),

with 98% of the totalvdrawdown_ occurring in the first 90 sec of the pumping test.
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Table A3-3. Drawdown data from pumping test no. 2 at well LL1,56§.: :

: " Time from = Depth to Water level Flow meter - = Well

Time  beginning of = water level =~ drawdown reading ' discharge

(hr)  pumpage (min)  (ft) (ft) (ga) = | (gpm)
10:30:00 0.0 -208.083 0.000 .- 22,784 0.0
10:30:30° - 0.5 209.083 -1.000 22,796 24,0
-10:31:00 1.0 209.083 : 1.000 22,810 1 28.0
10:31:30 1.5 209.167 » 1.084 . 22,822 .- 24.0
10:32:00 2.0 - - 22,833 L22.0
10:32:30 2.5 209.167 ©1.084 22,849 . 32.0
10:33:00 3.0 - 209.167 1.084 - 22,862 26,0
10:33:30 - 3.5 209.083 +1.000 22,876 L28.0
10:34:00 4.0 -209.083 ~1.000 22,892 o 32.0 -

- 10:34:30 - 4.5 - .209.083 - 1.000 22,904 - 24.0
10:35:00 - 5.0 .209.083 - - 1.000 -22,911 . 14,0
10:36:00 6.0 209.083 ©1.000 . 22,943 o 32.0
:10:37:00 7.0 209.083 ~1.000 22,975 . 32.0

- 10:38:00 8.0 209.083 1.000 - 23,005 . 30.0
10:39:00 9.0 209.083 ' 1.000 . 23,033 - 28.0
10:40:00 10.0° 1209.083 1.000 23,061 1 28.0
10:42:00 12.0 209.083 -1.000 23,115 0 27.0
10:44:00 ©14.0 209.083 - -1.000 23,169 - 27.0
10:46:00 0 16.0 209.083 1.000 - 23,229 - 30.0
10:48:00 18.0 209.083 .- 1,000 - 23,285 - 28.0
10:50:00 20.0 209.083 1.000 23,339 - 27.0
10:55:00 - -25.0 +209.083 1.000 23,485 29,2
11:00:00 - 30.0 209.083 - 1.000 23,615~ 26.0
11:10:00 - ©0740.0 209.083 1.000 - 23,880 | 26.5
11:20:00 50.0 209.083 . 1.000 = 24,130 = 25.0

- 11:30:00 ' 60.0 - 209.083 1.000 24,408  ©  27.8

- 11:40:00 70.0 1209.083 - ~ - 1.000 24,705 29.7

~11:50:00 - - 80.0 209.083 ..-1.000 25,017 31.2

0 12:00:00 - 90.0 -209.083 1.0000 . 25,315 1 29.8
.12:10:00 : 100.0 209.083 1.000 - 25,639 - 32.4
12:30:00 120.0 209.083 ~1.000 - 26,292 - 32.65
13:00:00 -~ 150.0 - 209.167 -~ 1.084 27,075 | 26.1

©13:30:00 180.0 -209.167 1.084 - 27,860 - 26.167

. 14:00:00 210.0 209.167 1.084 28,779 . 30.633

- 14:30:00 v 240.0 - -209.167 1.084 29,778 . o 33.3
-15:00:00 227040 209.167 1.084 30,786 - - 36.6
15:30:00 . 300.0 209.167 1.084 - 31,816 S 34.333

©16:00:00 330.0 - 209.167 - '1.084 . 32,890 @ 35.8
16:30:00 360.0 1 209.167 © 1,084 - 34,032 - ~ '38.067
17:30:00 420.0 ©209.167 ©1.084 - 36,192 | 36.0 ‘
18:30:00 480.0: -209.167 1.084 - 38,324 35.533

- 21:00:00 - 0 630.0¢ 209.167 1.084: 43,468 | 34.293

. 23:10:00 760.0 209.250 1.167 47,480  30.862
7:30:00 1,260.0 209.250 - 1.167 63,419 . 31.878
13:30:00 1,620.0 209.250 - 1.167 72,680 i 25.725
18:30:00 1,920.0 209.250 - 1.167 80,130 . 24.833

- 7:30:00 - 2,700.0 209.250 1.167 98,120 -+ 23.064
12:00:00 2,970.0 209.250 . 1.167 104,553 ;v 23.826
12:30:00 3,000.0 |

209.167 ©1.083 105,292 - 24.633
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Figure A3-7. Time-drawdown plot interpreted using Jacob’s method for pumping test no.
2 in well LL156, Baylor Ranch. Fluctuations in water-level decline during early phase
of testing due to changes in discharge rate. Segment illustrating minor decline during

late phase of test used for transmissivity calculations.
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During the drawdown phase, 82.50‘8 gal ‘of water were produced. W?hen the
drawdown phase V\fas terminated at 12:30 fp m. on J'anuafy 26‘ the recovery jof water
“level was momtored for another 20 hr until 8:30 am., January 27 (table A3 4). At :
this point, 100% of the ongmal water Ievel had recovered.

Figure A3-7 illustrates the limited and brief drawdown observed in thls well
d.uring testing In pum"ping tests. where drawdown' is as Iimited as seen in this well
and ba5|caI|y occurs mstantaneously only general approxlmatlons of transm|ssmty can
be calculated. Using Jacob’s method for drawdown data a small trend does appear :
at the end of the test.i Usmg this late phase. a calculated transmlsswnty of
49,986 gpd/ft of drawdown was obtained (6,683 ft2/d or 621 mz/d).- - The mean
* discharge rate (Q) used in this app’ro’ximationfwa’s 27.5 gpm.

/

PT #3

| PT #3 was conducted in well LL155, the Frederick WeII whlch is Iocated on the
“vDyer Ranch (formerly the Frederlck Ranch) Hudspeth County (fig. 2: fig. A3- 1) The
ranch road leading to this well intersects: Ralnch-_to-Mar‘ket Road 1111 21.6 rni
' (348Hkm)- north of Siefra Blanca. The well is 8.0 mi (12.9 km) east of the: highWay.
No data were avallable concerning the age of the well, Iithologies encountered while | B
drilling, or ‘the actual producing formatlon Total depth of the well is at least

1,200 ft (365 8 m), and durlng this test water mtake to the pump was set at

o, 137 ft (3465 m) The wellbore diameter is 8 mches (20 3 cm) with only Ilmlted '

surface casing, and the producmg interval is an open- hole completion. Statlc water-
level in this well was measured at 745.25 ft (2271 m) below land surfacef, and the

apparent Satdrated'thickness effective during this test was 391.75 ft (119.4? m). No
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Time
(hr)

12:30:00

12:30:30
12:31:00
12:31:30
12:32:00
12:32:30
12:33:00
12:33:30
12:34:00
12:34:30
12:35:00
12:36:00
12:37:00
12:38:00
12:39:00
12:40:00

12:42:00

12:44:00
12:46:00
12:48:00

- 12:50:00

12:55:00
13:00:00
13:10:00
13:20:00
13:30:00
13:40:00
13:50:00
14:00:00
14:10:00

18:30:00
. 0:30:00

8:30:00

Table A3-4. Recovery test data from pumping test no. 2 at well LL156.

Time from
beginning of
recovery (min)

(=]
(=]

.

OO PBNCOCOROIU P WWNNMMO
¢ o s .8 e .8 o e o e e o o o e o o

R N g

W
coo
oo o

60.0
70.0
80.0
90.0
100.0
360.0
720.0
1200.0

Time since pump started

Time since pump stopped

(tp + At)
At

(o]

6001.
3001.
2001.
1501.
1201.
1001.
858.
751.
667.
601.
501.
429.
376.
334,
301.
251,
215.
188.
167.
151.
121.
101.
76.
61.
51.
43.86
38.5
34.33
31.0

1 9.33
5.17
3.5

>

-3

-3

(V1)

(=]

- Depth to
water level
(ft)

209.167
208.375
208.334

'208.334

208.334
-208.334
208.334
1 208.334
208.334
208.334
208.334
208.334
208.334
208.334
208.334
208.334
208.334
208.313
208.313
208.313
208.313
208.292
208.292
208.292
208.292
208.292
208.292
208.292
208.292
208.292
208.250

208.167
208.159

Residual
drawdown

(s") (ft)

1.083
0.291
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.249
0.229
0.229
0.229
0.229
0.208
0.208
0.208
0.208
0.208
0.208

~ 0.208

0.208
0.208
10.166
0.083
0.075

Water level
recovery



other water vwells or wellbores we‘re available during this test for use as observation
“wells. | This well is producing NaSO' waters from ‘Aquifer A, and total dissolved
‘solrds were measured at 2,077 mg/L | |
Sampling of 13C 14C and °H for replicate analyses dunng the drawdown phase
resulted in the need to perform ‘two ‘pumplng tests. The first pumpmg test of LL155
started at 9:07 a.m. on February 6, 1987. This well is equipped with a cylinder
pump and maintained a relatively constant discharge rate of 3.79 gpm ‘(table A3-5).
During the pumping period, the recorded water level ‘dropped to the level of the pump
intake at 1,137 ft (346.5 m) in 720 min (12 hr) for a total drawdown of 391.75 ft
(11'9.4'm)(ﬁg. A3-8.v A3-9). As previously stated, sampiing was also in pro.gress.
therefore the pumping test 'recovery phase was rescheduled for a later time in order to
complete sampling. Monitoring of the drawdown phase was terminated at 9:07 pm
After sampling had been con1pleted. ‘t‘he well was turned off and allowed to

recover to the original static water level. A second drawdown phase, PT #3A, was

started at 11:00 a.m., February 10, 1987 (table A3-6).. During this phase, 200 ft of

drawdown was measured during the first 180 min of the pumping test. It was '

determined that th|s would be the maximum drawdown for this test (PT #3A)
because of dlfflcultres encountered with probe ‘movement below this depth durlng
previous measurements. The drawdown phase was terminated at 2:00 p.m., and
recovery measurements were immediately initiated (fig. A3-10, A3-11; table A3—7)
Monitonng of water level recovery contlnued for 42 hr until 8 00 a.m., February 12
1987. At thrs pornt in the recovery phase, 100% of the orrglnal water level had
recovered. ‘ | | ‘

In- contrast to well LL156, LL155 is currently being overproduced asithe inflow of
ground water into the borehole only begihs to reach equilibrium with the discharge of
ground water as maximum drawdown is being approached (fig. A3-8), which occurs

- after a relatively short time. Although water-bearing fracture(s) may intersect the
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Table A3-5. Drawdown data from pumping test no. 3 at well LL155.

Time from Depth to Water level Flow meter Well
Time beginning of water level drawdown reading discharge
“(hr) pumping (min) (ft) (ft) (gal) (gpm)
09:07:00 0 747.917 0.000 105,393 -
09:07:30 0.5 749.333 1.416 105,393 -
09:08:00 1.0 - - 105,395 4.0
09:08:30 1.5 751.000 3.083 105,397 4.0
09:09:00 2.0 752.000 4.083 105,398 2.0
09:09:30 2.5 - - 105,301 6.0
09:10:00 3.0 753.083 5.166 105,303 4.0
09:10:30 3.5 754.917 7.000 105,305 4.0
09:11:00 4.0 755.833 7.916 105,306 2.0
09:11:30 4.5 756.667 8.750 - -
09:12:00 5.0 - - - -
09:13:00 6.0 759.083 11.166 105,310 2.0
09:14:00 7.0 760.833 12.916 105,315 5.0
09:15:00 8.0 762.583 14.666 105,320 5.0
09:16:00 9.0 764.750 16.833 105,327 7.0
09:17:00 10.0 765.917 18.000 105,333 5.0
09:19:00 12.0 769.333 21.416 105,345 6.5
09:21:00 14.0 772.500 24.583 105,356 5.5
09:23:00 16.0 775.333 27.416 105,367 5.5
09:25:00 18.0 778.583 30.666 105,379 6.0
09:27:00 20.0 781.417 33.500 105,390 5.5
09:32:00 25.0 788.667 40.750 105,429 7.4
09:37:00 30.0 795.667 47.750 105,448 3.8
09:47:00 40.0 809.667 61.750 105,530 5.5
09:57:00 ‘ 50.0 821.667 73.750 105,569 3.9
10:07:00 60.0 835.583 87.666 - -
10:17:00 70.0 846.167 98.250 105,735 3.9
10:27:00 80.0 857.167 109.250 - =
10:38:00 91.0 868.667 120.750 105,725 4.1
10:47:00 . 100.0 877.833 129.916 - -
10:57:00 110.0 - 887.833 139.916 105,804 - 4.2
11:07:00 120.0 897.00 149.083 105,906 4.25
11:37:00 150.0 923.917 176.000 105,956 2.90
12:07:00 180.0 948.500 200.583 106,103 3.90
12:37:00 210.0- 969.833 221.916 106,200 3.90
13:07:00 - 240.0 989.500 241.583 106,315 3.8
13:37:00 270.0 1,007.167 259.250 - -
14:07:00 300.0 1,024.500 276.583 106,545 3.8
14:37:00 330.0 1,040.000 292.083 106,656 4.0
15:07:00 360.0 1,055.000 307.083 - -
21:07:00 720.0 1,137.000 389.083 - -
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~ Table A3-6. Drawdown data from pumping test no. 3A at well LL155.

Time

(hr)

11:00:00
11:00:30
11:01:00
11:01:30

11:02:00

11:02:30
11:03:00
11:03:30
11:04:00
11:04:30
11:05:00

11:06:00 -

11:07:00
11:08:00
11:09:00
11:10:00
11:11:00
11:12:00
11:13:00
11:14:00
11:15:00

- 11:16:00

11:17:00
11:18:00
11:19:00
11:20:00
11:25:00
11:30:00

11:40:00

11:50:00
12:00:00
12:10:00
12:20:00
12:30:00

12:40:00

12:50:00
13:00:00
13:10:00
13:20:00
13:30:00
13:40:00
13:50:00
14:00:00

Time from
beginning of
pumpage (min)

. . .

.

o o .

W00~ O U OB DD o ek ek b e e e ek : ) } : :
C OO0 OOUIOWW-I1AU P WNHHOW-IDU B WWNN HEFROO
e e e e o . e e e o e e e e o e e e-e W
OO OO0 OO0 OO0 UOUOUNO U O UD

. . .

-
o
o
(=}

110.0
120.0
130.0
140.0
150.0
160.0
170.0
180.0

‘Depth to
water level
(ft)

T44.667
745.750
 746.667
747.667
748.833
749.583
750.500

751.500

752.417
753.750
754.083
755.667
757.667
759.167
760.667
762.500
764.417

' 765.833
767.417
769.000
770.500
771.750

773.500
774.833
776.417
777.917
785.250
792.333
805.583
818.500
830.833
842.667
853.750

- 864.083

874.250
884.167
893.500
902.833
912.000
920.417
929.000
937.000
944.667
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 Water level

drawdown
(ft)

0.000
1.083
12.000
3.000
4.166
4.916
5.833
6.833
7.750

9.083

9.416
11.000
13.000
14.500
16.000
17.833
19.750
21.166

22.750

24.333
25.833
27.083
28.833
30.166

31.750°
33.250
40.583

 47.666
'60.916
73.833
86.166
~98.000
109.083
119.416
129.583
139.500
148.833
158.166
167.333

175.750

184.333
192.333

200.000

Flow meter
reading
(gal)

108,095

108,125

108,330

108,494

108,655

108,722

Well
.discharge
(gpm)

4.02

4.10

3.93

4.18
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Table A3-7. Recovery data from pumping test no. 3 at well LL155.

Time since pump started

Time from Time since pump stopped Depth to Residual Water level
Time beginning of (tp + At) water level drawdown recovery
(hr) recovery (min) _ At (ft) (s") (ft) - (ft)
14:00:00 0.0 © 944.667 200.000 0.0

14:00:30 0.5 361.00 ; 944.083 199.416 0.584
14:01:00 1.0 181.00 943.417 198.750 - 1.250
14:01:30 1.5 121.00 , 942.667 198.000 2.000
14:02:00 2.0 91.00 \ 942.000 197.333 2.667
14:02:30 2.5 73.00 941.250 196.583 3.417
14:03:00 3.0 61.00 940.583 195.916 4,084
14:03:30 3.5 52.43 939.917 195.250 4.750
14:04:00 4.0 -46.00 939.083 194.416 5.584

14:04:30 4.5 41.00 938.583 193.916 6.084
14:05:00 5.0 37.00 -937.833 193.166 6.834
14:06:00 6.0 31.00 : 936.417 191.750 8.250
14:07:00 7.0 26.171 ' 935.000 190.333 - 9.667
14:08:00 8.0 23.50 933.917 189.250 10.750
14:09:00 9.0 21.00 © 932.583 187.916 12.084
14:10:10 10.0 19.00 931.167 186.500 13.500
14:11:00 11.0 17.36 929.667 185.000 15.000
14:12:00 12.0 16.00 928.667 184.000 16.000
14:13:00 13.0 "14.85 927.250 "~ 182.583 17.417
14:14:00 } 14.0 13.86 926.083 181.416 18.584
14:15:00 15.0 ~13.00 y 924.667 180.000 20.000
14:16:00 16.0 12.25 923.417 178.750 21.250
14:17:00 17.0 11.59 922.417 177.750 22.250
14:18:00 18.0 11.00 921.00 176.333 23.667
14:19:00 - 19.0 10.47 919.833 175.166 24.834
14:20:00 20.0 10.00 : 918.667 174.000 26.000
14:25:00 25.0 8.20 912.917 168.250 31.750
14:30:00 . 30.0 7.00 907.167 162.500 37.500
14:40:00 40.0 '5.50 896.583 '151.916 48.084
14:50:00 50.0 4.60 887.167 142.500 57.500
15:00:00 - 60.0 4.00 878.250 133.583 66.417
15:10:00 - 70.0 3.57 870.00 125.333 74.667

15:20:00 80.0 3.25 861.417 116.750 83.250
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‘Table A3-7 (cont.)

- Time since pump started , o : : o
Time from Time since pump stopped Depth to Residual Water level

Time beginning of o ~ (tp+ At) : . water level ~  drawdown recovery
(hr) ~ recovery (min) 5 At ' (ft) (s") (ft) - (ft)
15:30:00 90.0 3.00 855.250 110.583 ' 89.417
-~ 15:40:00 .100.0 2.80. 848.833 104.166 95.834
© 15:50:00 o 110.0 - 2.64 842,667 98.000 - 102.000
16:00:00 - - 120.0 .2.50 836.833 92.166 . 107.834
- 16:10:00 ~ 130.0 2.38 831.417 86.750 o 113.250
16:20:00 - 140.0 - 2.29 826.250 © - 81.583 118.417
..16:30:00 - 150.0 2.20 821.750 77.083 ©. 122,917
16:40:00 160.0 2,13 817.667 - 73.000 - 127.000
- 16:50:00 0 170.0 2.06 813.833 = 69.166 130.834
-~ 17:00:00 - 180.0 2.00 810.167 ©65.500 134.500
-+ 17:20:00 - ©200.0 1.90 803.917 59.250 - 140.750
17:40:00 220.0 1.82 798.500 53.833 - 146.167
18:00:00 - 240.0 1.75 793.750 - 49.083 150.917
18:30:00 270.0 - 1.67 787.667 - 43.000 157.000
-19:00:00 300.0 - 1.60 782.667 - 38.000 162.000
19:30:00 - 330.0 1.55 778.500 33.833 .~ 166.167
20:00:00° 360.0 1.50 774.833 . 30.166 = 169.834
. 22:00:00 .480.0 - 1.38 764.417 19.750 : 180.250
~23:00:00 540.0 - 1.33 760.917 . 16.250 - 183.750
- 700:00:00 600.0 01.30 o 157.917 13.250 : 186.750
© 01:00:00 . 660.0 1.27 o 755.333 - ~10.666 - 189.334
- 02:00:00 - 1720.0 1.25 753.333 - 8.666 ' ©191.334
© 03:00:00 - 1780.0 1.23 751.583 6.916 - 193.084
04:00:00 .. 840.0 1.21 750.250 5.583 - 194.417
10:15:00 ; 1,215.0 - 1.15 - 746.167 ’ 1.500 198.500
13:45:00 1,425.0 1.13 745.333 0.500 199.500
< -00:00:00 — - 2,040.0 ©1.09 745.00 0.333 ©199.667
-1.07

08:00:00 2,520.0

744.667° - 0.000- - -200.000 - N



Borehole of ‘,_this well, none of the methods used to calculate transfhissivity
documented ér inferred their presence. Regionally, Aquifer A is unconfined although
locally it may exhibit characteristics of a ,s‘.emiconfined aquifer. Interpretation of the
test data wés accbmplished using four different methods (two using drawdown data
and two using recovery data), as described in the discussion of PT #1.

By matching the time—dr‘awdown ahd time-recévery plots from this well to
Waltvon'sv set of type curves based on the Theis method for semiconfined équifers
| (I_(rﬁseman and De Ridder, 1976). good agreement of calculated transmissivities.
resulted (figs. A3-8. A3-10). Matching thevdrawd'ownv data for PT #3 with Walton's
set of tjpe curves, a calculated transmissivity of 2.39 gpd/ft of drawdown was
obtained (.32 ftz/d,/ or .03 mz/d). Using the same method with recovefy data from
PT #3A, a transmissivity of 3.98 gpd/ft of drawdown was calculated (.53 ftz/d. or
05 m?/d). | | |

| Additional calculations of transmissivity were made using the Jacob method for
drawdown (fig. A3-9) and the Theis method for recovery (flg A3-11). The Jacob
method is used with unsteédy flow in confined aquifers. Using this method on
drawdown data from PT #3 a ca‘IcuIated tfansmissivity of 3.01 gpd/ft of drawdown
was obtained (.40 ftz/d. or .04 m2/d). The Theis recovery hethod may be used
under the same condirti'ons as those required for Jacob’s method for drawdown. This
method resulted in a transmissivity of 3.50 gpd/ft of drawdown (47 ftz/vd. or
04 mz/d).
N Avgrag}ing the fbur values calculated for I_.L15‘5 yields a mean transmissivity‘bof
3’.2’2 gpd/ft of drawdown (.43 ftz/d or .04 mvz/d) with a standard deviation 6f
0.68 gpd/ft. This is an extremely low value for transmfssivity and. when 'comb‘ared
to v‘alu‘es from 6thér .wells testec‘l‘ in the area, may be used to infer either th,ét only
matrix permeability is coﬁtributing to the wellbore or that é considerably lower density

of fractures was intersected.
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PT #4

PT #4 _wés conducted in> well LL148, the Red Well, which is Iocate;i on the
Baylor Lease of University of Texas Lands, Hudspeth Coﬁnty (fig. 2; fig. A3-1). The |
ranch road leadi‘ng east from Ranéh-to—Ma‘fket Road 1111 toward Red Well |s located
8.1 mi (13.1 km) south of the intersection between U. S. Highway 62-180 and
o Ranch—to—Market-Road 1111, East from Ranch-to-Market Roa‘d 1111. it is 4.2 mi.
>(6.7 km) soufheést to the Scratch Ranch and an additional '4.7 mi (7.5 km) east-
northeaét to the well. 'N(; data were available concerning the age of t;his well,
»Iithologies encountered while drilling, or the a“ctua'l producing formation. Total depth
of this well is unknown, and duiring this: test, water intake to i:hé pump was set at
1503 ft (153.3 m) below land su‘rface". - The wellbore diameter is 6 inches (15.2 cm)
With limited surface casing becéuse the ’producing interval is an opén—‘hole cc}mplefion.
The static water level in this‘ well was measured at 484.7 ft (147.7 m) bélow‘land
surface.b and the apparent s’aturafed thickness effective during this test was 18.3 ft
(5.6 m). |

OanuIy 31, 1986, the static water level in this well wavs meésured: during a
previou5’phése of study at 462.7 ft (141.1 m) belowﬂklénd surfat‘:e’. Prior to this July
1986 measurement, above-average rainfall had been received in the area. Since the
first measurement was taken, normal to below-normal rainfall has béen recorded. The
two Stafic water level measurem'ents record a declinek‘ivn w”ater Ievelsr betWeen July
i986, and February 1987, of 22 ft (6.7 m). Production prior to .the;February
measurement is not a cause of this decline in water level because the well had been
“inoperative for several months due to mechanical problems. No other watef wells or
Wellbores were available during this test for use as observation wells. This well is
producing NaCl waters from Aquifer A and total di‘sso-lved vsolids were measured at

2020.67 mg/L.
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rThe drawdown phase of PT #4 was initiated at 4:15 p.m. on February 11, 1987.
This welI' is equipped with a cylinder pump and maintained a relatively const.ant. rate
of discharge of 4.33 gpm (table A3-8). The pumping or drawdown phase was
terminated at 8:00 a’.rn. on _February —12. when 'tyhé pumpjack pulley mounted to the
gas-poWered motor sheared off the motor shaft. The last measﬁrement taken before
this mechanical failure rrad recordedv 1.1 ft (.33 m) of drawd‘own after 945 min (15.75
>hr'). ./Meésurements,vof recovery rates for this portion of -t_he test weré- tem;;orarily
delayed while motor and pump shutdowns were completed. ‘The first measurement of
recovery was made at 8:05 a.m. on February 12, 1987. and‘ was terminated at‘10:OQ‘_‘
a.m.. 1204min' after the start of recovery yi(tablve A3-9). At this point, all but
2 in'cv:hes ‘(5.1 cmv) of the original drawdown had recovered. | |

After the motor assembly was re'paired. another pumping test was performed (PT
#4A) at an increased discharge rate of 6'.74 gpm in an attempt to induce better
. drawdown data for the calculation of transmissivity (table A3-10). ‘PT #4A was
initiated 11:05 a.m. on Februéry 12, 1987, and was terminated at 7:05 a.rn. on
February 13 (fig. A3-12). Total drawdown for PT #4 was measured at 1.1 ft
(13 inches or 33 cm) while total drawdown for PT #4A was 1.6 ft (19 inches or
- 48.3 cm). I‘n‘ both tests, a majority vof\ the drawvdowvn. 63% and 80% respéctively.
occurred in the ﬁrst minute ‘of production. At the request ofvther ranchér, no recovery
test was conducted for PT #4A. so that depleted water supplies}could be .replaced.‘

" The results of PT #4 and 4A were both similar to the résults obtained from PT
#2 in that insufficient drawd,ob\v/vn>was_‘rec0rded to allow accurate, reproducibie
évalculations of transmissivity. No trahsmissivity value can be calculated because the
drawdown occurs durir)g the early r)art,of the test‘ and\ is probably the result of

wellbore storage.
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Figure A3-12. Time-drawdown curve matched to Waltoh-type curves for p‘ufrlnping test
‘no. 4A in well LL148. All of the drawdown occurs during the early tesiing period
and can be explai‘ned"by wellbore s_torégé, In- this ca;se. no method of trﬁnsmissivity
determination is avail\ab|e”.vb 'Additionél testing will be required at an increased A

discharge rate so that the aquifer may be reasonably stressed.
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-~ Table A3-8. Drawdown data from pumpiﬁg test no. 4 at well LL148.

Time from  Depth to Water level Flow meter Well
Time _ beginning of water level drawdown . reading discharge
(hr)  pumpage (min) - (ft) (ft) - (ga) (gpm)
-16:15:00 0.0 486.167 0.000
16:15:30 0.5 486.667 0.500
16:16:00 1.0 486.833 0.666
16:16:30 1.5 486.917 0.750
16:17:00 2.0 486.917 0.750
16:17:30 2.5 486.917 0.750
16:18:00 3.0 . 486.917 0.750
16:18:00 3.5 486.917 - 0.750
16:19:00 4.0 486.917 0.750
16:19:30 4.5 487.000 0.833
16:20:00 5.0 487.000 0.833 ’
16:21:00 6.0 487.000 0.833 , 4
16:22:00 7.0 487.000 0.833
16:23:00 - 8.0 487.083 0.916
16:24:00 9.0 487.083 - 0.916
16:25:00 10.0 487.083 0.916 - :
16:27:00 12.0 487.083 -~ 0.916 ' . 4.3
16:29:00 14.0 487.083 - 0.916 ‘ 4.6
16:31:00 16.0 487.083 0.916
16:33:00 18.0 487.083 0.916 -
16:35:00° 20.0 487.083 0.916 4.3
16:40:00 25.0 487.083 : 0.916 :
16:45:00 30.0 487.083 0.916 4.0
16:55:00 40.0 487.083 0.916 R 4.3
- 17:05:00 50.0 487.083 © 0.916 ‘ 4.0
17:15:00 60.0 487.083 0.916 4.3
17:25:00 70.0 487.083 0.916"
17:35:00 80.0 487.167 - 1.000 , 4.3
17:45:00 90.0 487.167 1.000 4.3
- 17:55:00 100.0 487.167 1.000 '
-18:05:00 110.0 487.167 1.000 : 4.3
18:15:00 120.0 - "487.167 - 1.000
18:45:00 150.0 487.167 -1.000 _ 4.3
19:15:00 180.0 487.167 ~1.000 - ‘
19:45:00 » 210.0 - 487.250 1.083 4.3
120:15:00 240.0 487.250 1.083 ,
20:45:00 270.0 487.250 1.083 ' 4.3
21:15:00 300.0 487.250 1.083 ‘ S
21:45:00 330.0 487.250 1.083
22:15:00 - 360.0 - 487.250 1.083 . ’
23:15:00 420.0 487.250 1.083 ‘ 4.3
00:15:00 480.0 ~487.250 . 1.083 : '
01:15:00 540.0 487.250 1.083 o - 4.3
02:15:00 600.0 487.250 1.083 } ’
03:15:00 660.0 487.250 1.083 : 4.0
04:15:00 720.0 487.250 1.083 \
05:15:00 780.0 487.250 ¢ 1.083 : 4.3
06:15:00 840.0 487.250 1.083 : C '

07:15:00 900.0 487.250 1.083
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Table A3-9. Recovery data from pumping test no. 4 at well LL148.

, : Time since pump started : ‘
Time from - Time since pump stopped Depth to- Residual Water level

Time beginning of - (tp+ At) ~ water level drawdown ‘recovery
(hr) recovery (min) At : ft) (s (ft) (ft) -
08:00:00 ' 0.0 , o ® 487.250 1.083 0
08:05:00 5.0 ‘ 190.0 - 486.833 . 0.666 0.417
08:10:00 10.0 ' 91.0 ' . 486.667 0.500 0.583
08:15:00 - 15.0 ' 61.0 v - 486.333 0.166 0.917
08:20:00 - 20.0 46.0 486.333 - 0.166 0.917
© 08:25:00 25.00 - 37.0 : 486.333 =~ 0.166 0.917
08:30:00 30,0 : 31.00 486.333 0.166 0.917
09:00:00 60.0 16.0 - 486.333" 0.166 0.917
0 0

10:00:00 120. 8.5 _ 486.333 0.166 .917



Table A3-10. Drawdown data from pumping test no. 4A at well LL148.

Time from Depth to Water level Flow meter Well
Time beginning of water level drawdown reading discharge
(hr) pumpage (min) (ft) (ft) (gal) (gpm)
-11:05:00 0.0 486.333 0.000
11:06:00 1.0 487.167 0.834
11:06:30 1.5 487.583 1.250
11:07:00 2.0 487.625 1.292
11:07:30 2.5 487.667 1.334
11:08:00 3.0 487.750 1.417
11:08:30 3.5 487.750 1.417
11:09:00 4.0 487.750 1.417
11:09:30 4.5 487.750 1.417
11:10:00 5.0 487.833 1.500
11:11:00 6.0 487.833 1.500
11:12:00 7.0 487.833 1.500
11:13:00 8.0 487.833 1.500 6.7
11:14:00 9.0 487.917 1.584
11:15:00 10.0 487.917 1.584
11:17:00 12.0 487.917 1.584
11:19:00 14.0 487.917 1.584
11:21:00 16.0 487.917 1.584
11:23:00 18.0 487.917 1.584
11:25:00 20.0 487.917 1.584 7.5
11:30:00 25.0 487.917 1.584 6.7
11:35:00 30.0 487.917 1.584
11:45:00 40.0 487.917 1.584
11:55:00 50.0 487.917 1.584 6.7
12:05:00 60.0 487.917 1.584 6.7
12:25:00 80.0 487.917 1.584 6.7
12:45:00 100.0 487.917 1.584
13:05:00 120.0 487.917 1.584 6.7
14:05:00 180.0 487.917 1.584 6.7
15:05:00 240.0 487.917 1.584 6.7
16:05:00 " 300.0 487.917 1.584 7.5
17:05:00 360.0 487.917 1.584 6.7
18:05:00 420.0 487.917 1.584 6.7
19:05:00 480.0 487.917 1.584
20:05:00 540.0 - 487.917 1.584 6.7
21:05:00 600.0 487.917 1.584 6.7
22:05:00 660.0 487.917 1.584
23:05:00 720.0 487.917 1.584 6.7
00:05:00 780.0 487.917 1.584 6.7
01:05:00 840.0 487.917 1.584
02:05:00 900.0 487.917 1.584 ' 6.7
03:05:00 960.0 487.917 1.584 _
04:05:00 1,020.0 487.917 1.584 6.7
05:05:00 1,080.0 487.917 1.584
06:05:00 1,140.0 487.917 1.584
07:05:00 1,200.0 487.917 1

.584 6.7
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Although other methods of analyses were attempted. including Jacob’s method
and Theis’ method, the values obtained covered a wide range of transmissivities and
were considered to be erroneous and of no real sjgnificénce. As in PT #2, the
discharge rate of this well will have to be increased to induce drawdown of a

magnitude required for the determination of transmissivity.
PT #5

PT #5 was conducted in well LL141, the Bravo WeIIv. which is located on the
Baylor Lease of the University of Texas Lands, Hudspeth Coun‘ty (fig. 2; fig. A3-1).
The ranch road leading west toward Bravo Weil is located 10.2 mi (16.4 km) south
of the intersection between U. S. Highway 62-180 and Ranch-to-Market R§ad 1111.
West from Ranch-to-Market Road 1111, it is 2.3 mi (3.7 km) to the well. “No data
were available concernihg the age of Bravo Well. lithologies encountered while drilling,
or the producing formation. Total depth of this well |s 663 ft (202.1 m) below land
surface and during this test water intake was set at 661 ft (201.5 m) below land
surface. The wellbore diameter is 8 inches (20.3 cm) With an ﬁnknown’ depth of
surface casing and an open-hole completion. The static water level in this well was
measured at 652.7 ft (198.9 .m) below land surface. and the saturated thickness
effective during this test was 9.3 ft (2.8 m).

The decline in static water level measured in LL148 (Red Well) was also recorded
in LL141 (Bravo Well). On July 12, 1986. the static water level in this well was
measured during a previous phase of study at 628 ft (191.4 m) below land surface.
The two static watér level measurements record a decline in water levels between July -
- 1986, and February 1987,§f 24.7 ft (7.5 m). Production prior to the February

measurement is unlikely because arrangements had been made to allow the well
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sufficient time to stabilize before testing. Both LL141 and LL148 are within the same
drainage area, a Serriesb of connected arroyos. LL1v41 is within the draiﬁage area of
Baylor Draw. which feeds into South Well Draw, which feeds into Antelope Guich, the
arroyyo within which LL148 is located. No other Wells orvw wellbores Were available
during this test for use as observation wells. This well is producing NaSO4 waters
from Aquifer A. and total dissolved solids were measured at 1786.92 mg/L. |

‘Currently. this well only has 9.3 ft of drawdown potential. Attempts to lower
the pump to allow for additional drawdown 'pro\Ied to be impossible as the current
total depth is 1' ft (3 m) deeper than the infake forr the pump. The most likely
scenario, based on discussions with ranch pérsonnel; is t’ha‘t’ previously this well was
deeper, but a large amount of pipe had been lost in the hole i_andb attempts to recover
the lost pipe were- unsuccessful. In addiﬁon to lost pipe. cavihg of thé open borehole
during ﬁshing operations may have contributed to the loss in »totabl depth.

The drawdown phase of PT #5 was irﬁtiated at 10:00 a.m. on Febmary 4, 1987.
This well is equipped with a ’submeréible pump ahd maintained a relatively‘ 'constant'.
- rate of discharge at‘ 11.1 gpm (table A3-11). The drawdown phase was terminated at
12:00 p.m., 120 min after starting the tevsvt. Recbvé‘ry rates were monitored for
90 min, which ‘was sufficient tivme to record 99% recovery of the original drawdown
(table A3-12). Maximum drawdown occurred v(water level dropped to level of pump
intake) after 60 min 10 sec of the drawdown phase. The discharge rate at this poi‘nt’
dropped to a constant rate of 8.6 gpm.

Using the same methods of analy5|s that were utilized for PT #1 and #3.
ex‘celle‘nt agreement was obtamed for transmlsswlty values in thls-well. ~ Time-
‘drawdown and time-recovery plots V\‘Ier‘e' constructgd and matched td Walton's set Qf

type curves for sémiconﬁned‘_aquifers based on Theis' method (Kruseman and De
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Table A3-11. Drawdown data from pumping test no..5 at well LL141.

Time from Depthto  Water level Flow meter = Well
Time beginning of  water level drawdown - reading . discharge
(hr) ~pumpage (min)  (ft) \ (ft) (gal)  (gpm)
10:00:00 S 0.0 652.7 ' 0.00
10:00:30 0.5 652.96 ..0.26 :
10:01:00 1.0 653.54 0.84 ' c12
10:01:30 1.5 654.15 -1.45 ‘ o
10:02:00 2.0 654.7 2.00 12
10:02:30 2.5 655.15 2.45 j
10:03:00 3.0 655.5 2.80 12
10:03:30 3.5 655.8 3.10 ; .
10:04:00 4.0 656.2 3.50 ; 12
10:04:30 4.5 656.5 3.80 . c
10:05:00 5.0 656.7 4.00 ’ 10
10:06:00 6.0 657.3 4.60 : : ,
10:07:00 7.0 657.6 4.90 : 10
10:08:00 8.0 657.9 5.20 ~ : A
10:09:00 9.0 658.2 5.50 Lo 12
10:10:00 10.0 658.5 5.80 10
- 10:12:00 12.0 659.0 6.30 10
10:14:00 14.0 659.4 6.70 S 10
10:16:00 16.0 659.8 7.10 10
10:18:00 18.0 - 660.1 - 7.40 : ' o
10:20:00 20.0 660.5 7.80 10
10:25:00 25.0 660.7 8.00 <010
10:30:00 30.0 661.1 8.40. " 12
10:40:00 -40.0 661.7 - ' 9.00 ' 12
10:50:00 50.0 661.9 9.20 ‘ ' P12
11:00:00 60.0 662.0 1 9.30 10
11:10:00 - 70.0 : - ’ 8.6
11:20:00 - 180.0 8.6
11:30:00 90.0 6.7
11:40:00 .-100.0 8.6
11:50:00 110.0 8.6
8.6

12:00:00 . 120.0
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Table A3-12. Recovery data from pumping test no. 5 at well LL141.

Time since pump started

Time from Time since pump stopped Depth to Residual Water level
Time beginning of - (tp+At) water level drawdown recovery

(hr) recovery (min) i At (ft) (s") (ft) (ft)
12:00:00 0.0 © 662.0 9.30 0.0
12:00:30 0.5 121.0 660.9 8.20 1.1
12:01:00 1.0 61.0 659.8 7.10 2.2
12:01:30 1.5 41.0 659.0 6.30 - 3.0
12:02:00 2.0 - 31.0 658.5 5.80 3.5

12:02:30 2.5 25.0 658.0 5.30 4.0
12:03:00 3.0 21.0 657.6 4.90 4.4
12:03:30 3.5 18.1 657.3 4.60 4.7
12:04:00 4.0 16.0 657.0 4.30 5.0
12:04:30 4.5 14.3 656.7 4.00 5.3
12:05:00 5.0 13.0 656.4 3.70 5.6
12:06:00 6.0 11.0 656.0 3.30 6.0
12:07:00 7.0 9.6 655.7 3.00 6.3
12:08:00 8.0 8.5 655.3 2.60 6.7
12:09:00 9.0 7.7 655.1 2.40 6.9
12:10:00 10.0 7.0 655.0 2.30 7.0
12:12:00 12.0 6.0 654.5 1.80 7.5
12:14:00 14.0 5.3 .654.2 1.50 7.8
12:16:00 16.0 4.8 654.0 ©1.30 8.0
12:18:00 18.0 4.3 653.6 0.90 8.4
12:20:00 20.0 4.0 653.3 0.60 8.7
12:25:00 25.0 3.4 653.0 0.30 9.0
12:30:00 30.0 3.0 652.9 0.20 9.1
12:40:00 40.0 2.5 652.8 0.10 9.2
12:50:00 50.0 2.2 652.8 0.10 9.2
13:00:00 60.0 2.0 652.8 - 0.10 9.2

13:10:00 70.0 1.9 652.75 0.05 9.25

13:20:00 - 80.0 1.8 652.75 0.05° 9.25

1.7 652.70 - 0.00 9.30

13:30:00 ' ~ 90.0



Ridder, 1976). The drawdown phase of this test yielded a ‘calculated trahsrhissivity of
410.3 gpd/ft of drawdown ‘(54.8 ftz/d. or 5.1 mz/d) (fig. A3;13). Using>this method
- for the recovery data resulted in a transmissivity value of 480 gpd/ft of drawdown
(64.2 ft2/d. or 6.0 m?/d) (fig. A3-14). |

Application‘ of Jacob’'s method for draWdowp data yields a calculated
transmis)sivfty of 417.9 gpd/ft of drawdown (55.9 ftz/d. or 5.2 mz/d) (fig. A3-1}5)_
whivle the Theis.method for Vrecov.ery resulted in a transmissivity of 517.8-gpd/f;’of
drawdown (69.2 ft?/d. or 6.4 ﬁwz/d) (fig. A3-16). Averaging the four calculated
values for PT #5 on LL141 yields a mean trahsmissivity of 456.5 gpd/ft of
drawdown (61.0 ft2/d. or 5.7 mz/d) with a standard dev‘iati‘on of 51.5 gpd/ft of
drawdown (6.9‘>ft2/d, or .62/d). |

PT #6

PT #6 was conducted in well LL132 at the Willbiams' Ranch vHeadquarters'
- (fig. 2: fig. A3-1). This well is Ioca‘tedv 7.8 mi (12;5 km) vweﬁt-southwest of the
intersection of Ranch-to-Market R'oadsil‘l'll and 2317. Nov precise data were available
conterning fhe age of th‘is well, I’ithologies-encounteredf while drilling, or the producing
formation. Discussions with the owner indicate.‘that this well is probably more than
70 yr old. Total depth of this well is reported to be 1200 ft (366 m), although this
depth could not be cOnﬂrmed. During this meping test, 'Water;intake to tl.1e> pump
~was set at 960.1 ft  (292.6 m) below Iar‘1d‘ surface. The wellbore diamgfer is 8 inches
(20.3 cm) with surfaée casing down to an unknvown depth.  This well is producing
from an open’-holeAcompIetion.- ‘Static water Ievél :in this well was mgasufed at
710.3 ft (216.5 m) ‘beI‘ow land surface, and apparent saturated thickness !during this
test was 249.8 ft (76.1 m). No othef water wel‘ls or wellbores were available during
thi§ test for use as observation wells. This well is producing NaHCO3 v‘vate‘rs from

aquifer A, and total dissolved solids were measured at 884.03 mg/L.
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Figure A3-13. Time-drawdown curve matched to Walton type curves for pumping test

no. 5 in well LL141, University Lands, Baylor lease.
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Flgure A3-14. Time-recovery curve matched to Walton type curves for pumplng test
no. 5 in well LL141 UnlverSIty Lands, Baylor lease. ‘
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Flgure A3-15. Time-drawdown plot mterpreted using Jacob’s method for pumping test
‘no 5 in well LL141. University Lands, Baylor Iease ‘
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Figure A3-16. Time-rec'ovyery plot‘ interpreted USing Theis’ method for pumping test no.
5 in well LL141, University Lands, Baylor lease. | o _
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After this well had reached equilib'riumiduring the drawdown phase, rainstorms in
the area caused three power failures. The water level recovery was rapid and in each
case had reéovered more ‘than 50% by the time recoverj procedurés cou‘lbd be initiated.
After each power féiluré. the well was restarted and pumped until maximum
drawdown was attained. These events explain the time lapse between the termination
of drawdown and the beginning of recovery. |

The drawdown phase of PT’ #6 w‘as'initiated at 6:00 p.m. on Februa’ry 24, 1987
Thfs well is equipped with a 2.75-inch (7.0‘cm) cylinder ‘pump, ‘which ,mainiafned a
relatively constant discharge rate of 10.6 gpm (table A3-13). During the drawdowfy
phase, which lasted 2100 min (35 hr.)w the recorded water.level dropped 121.3 ft
(37.0 m) (fig. A3-17). During the drawdown phase, '2‘2,260 gal of water were
produced. When fhe ﬁn‘alv drawdown phase was terminated at 11:33 p.m.. February
26, thé water level recovery was monitored for 2,520 min (42 hr) until 5:33 p.m. on
February 28 (tabie A3-14). At this point, 100 % of the static water level had been
recovered. | '
| ‘As with PT #3. PT #6 resulted in excellent agreement of transmissivity values
calculated using the four methods discussed in detail for PT :#1. Figures A3-17 and
A3-18 represent the drawdown and recovery curves from this pumping test. which
wefe used to fiatch to Walton's set of type curves based on Theis’ method for
unsteady flow in semiconfined leaky aquifers (Kruseman and De Ridder. 1976)5 | Based
on a mean discharge rate. of 10.6 gpm and a match point value for s (drawdown) of
42 ft (12.8 m) the calculated vtransmis‘s)ivity is 28.9 gpd/ft of drawdown (3.86 ft2/d,
~or .36 mz/d).v Using the same discharge rate and a match point for s of 50 results
in a transmissivity of 24.3 gpd/ft of drawdown (3.2 ftz/d. or .30 m2‘/d).v
| the Jacob method for drawdown dat'ak in confined aquifers with unsteady flow
was also used with this well and resulted in three distinct segments representing the

intersection of the cone of depression' with separate fractures. The early phaée had a
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Table'A3-13.b Drawdown data from ptimpi‘ng'te'st no. 6 at well LL132. -

: ~ Time from - Depth to - Water level -Flow meter = Well
Time beginning of  water level drawdown reading = discharge
(hr) - pumpage (min) (ft) (ft) ~ (gal) ~ (gpm)
_18:00:00 0.0 © 0 711.958 0.0 108,703 0

18:00:18 - 0.3 713.333 - 1.375 S R
18:00:52 - 0.87 .716.000 4.042

18:01:08 1.13 716.667 ~ - 4.709

18:01:37 1.62 -718.417 6.459 .

- 18:02:00 2.00 719.750 7.792

18:02:15 2.25 . 720.583 8.625

18:02:30 2.50 - 721.333 9.375

18:03:00 3.00 722.667 - 10.709

18:03:26 - 3.43 724.083 . - 12.125

18:03:40 3.67 724.917  12.959

18:04:00 4.00 725.667 - 13.709.

18:04:15 4.25 - 726.583  14.625

18:04:45 4.75 728.750 - 16.792

18:05:10 - 5.17 729.000 - 17.042

18:05:30 - 5.50 729.750 17.792

18:05:45 ©5.75 . 730.500 18.542°

-18:06:05 6.08 731.417 19.459

18:06:30 6.50 732.417 20.459 .

18:07:00 7.00 733.583 21.625
- 18:07:30 7.50 734.500 22.542

18:08:00 8.00 . 1 735.583 23.625

18:08:30 8.50 736.750 24.792

18:09:00 9.00 . 137.750 - 25.792

18:09:30 . 9.50 738.750 26.792

18:10:00 ~ ~ 10.00 .-739.917 - 27.959

18:10:30 - 10.50 - 741.000 - 29.042

18:11:00 - 11.00 - 742.167 - 30.209

18:12:00 12.00 . 744.417 32.459
- 18:13:00 13.00 746.417 - 34.459

18:14:00 14,00 748.583 36.625

18:15:00 15.00 - 750.667 - 38.709

18:16:00 16.00 - 752.500 40.542

18:17:00 17.00 - 754.417 - 42.459

18:18:00 18.00 - 756.333 44.375

18:19:00 -19.00 - 757.833 - 45.875

18:20:00. 20.00 759.500 - 47.542

18:21:00 - 21.00 © 761.500 - 49.542

18:22:00 22.00 .. 762.667 - 50.709

18:23:000 - 23.00 764.250 52.292

18:24:00 ' 24.00 ~ 765.667  53.709

18:25:00 25.00 - 767.083 - -55.125 -
18:26:00 26.00 ~  768.500 -~ 56.542 ; L e
18:27:00 - 27.00 - 769.833 = 57.875 S ‘
18:28:00 - 28.00 - 771.000 - 59.042 o
18:29:00 0 29.00 . 772.250 - 60.292

18:30:00 - 30.00  773.500 = 61.542
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Table A3-13. (cont.)

Time from Depthto  Waterlevel  Flow meter Well

Time beginning of water level drawdown - reading discharge
(hr) pumpage (min) ~  (ft) (ft) (gal) (gpm)
18:35:00 35.00 779.917 - - 67.959
18:40:00 - 40.00 783.833 - 71.875 .
18:45:00 -45.00 ~788.000 76.042 109,162 10.55
18:50:00 ©50.00 791.500 , 79.542
18:55:00 55.00 794.583 82.625 109,297 10.0
19:00:00 - 60.00 797.417 85.459 oo
19:05:00 65.00 .799.833 87.875 109,400 10.3
19:10:00 , 70.00 802.000 90.042 - , v
19:15:00 75.00 804.083 92.125 ©109,505 10.5
19:20:00 , 80.00 805.917 93.959
19:25:00 - 85.00 807.417 95.459 109,610 10.5
19:30:00 - 90.00 808.833 96.875 :
19:35:00 95.00 810.083 98.125 :
19:40:00 - 100.00 - 811.417 99.459 109,778 10.5
19:50:00 - 110.00 813.417 - 101.459
20:00:00 120.00 ~ 815.167 103.209
20:10:00 130.00 817.500 105.542 110,079 10.4
20:20:00 140.00 817.833 105.875 » ‘
20:30:00 150.00 818.833 106.875 110,282 10.15
20:40:00 ©160.00 819.667 107.709
20:50:00 170.00 820.417 108.459
21:00:00 180.00 ' 821.083 109.125 110,592 - -10.3
21:10:00 190.00 821.750 - 109.792 : ' :
0 21:20:00 200.00 822,417 110.459 110,812 - 9.5
21:35:00 215.00 - 823.250 111.292
21:40:00 220.00 823.667 . . 111.709
21:50:00 230.00 . 824.167 112.209
22:00:00 240.00 824.667 112.709 ’ ‘ ‘
22:30:00 270.00 825.750 113.792 111,600 10.4
23:00:00 300.00 826.250 114.292
23:30:00 330.00 - 826.375 114.417 : C
00:00:00 - 360.00 ...826.667 114.709 112,466 10.6 -
01:00:00 420.00 827.250 - 115.292 ‘
02:00:00 480.00 v 827.917 115.959 , B
03:00:00 - 540,00 - 828.500 116.542
04:40:00 - 640.00- -829.833 117.875 ‘ ‘
~06:25:00 ©745.00 830.417 118.459 116,635 10.7
06:50:00 840.00 830.667 . 118.709 117,630 o 10,7
09:20:00 1050.00 831.583 '119.625 119,875 210.7
- 10:33:00 1123.00 831.667 119.709 120,643 - 10,5
13:05:00 1275.00 ‘ 831.917 119.959 - - 122,282 10.6
15:50:00 - 1440.00 832.333 120.375 123,858 10.6
17:50:00 1560.00 832.833 120.875 L e
-20:10:00 1700.00 833.250 121.292- 126,815 . 10,7
01:05:00 -1995.00 . 833.250 . 121.292 129,960 10.7

02:50:00 2100.00 833.250 121.292 130,963 - 10.6
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,TablevA3—‘14. Recovery data_ from pumping' fest no. 6 at well LL132.

, . _Time since p'unip started L ' ' ' B o
- Time from . Time since pump stopped ‘ Depth to . Residual ~ Water level

Time beginning of , (tp+At) - water level - drawdown - recovery
- (hr) recovery (min) = ' At o “{ft) o (s (ft) S (fY)
23:33:00 0.0 " 828.833 121.292 A - 0.000
©23:33:30 0.5 4201.0 ' S . 826.000 118.459 ' 2.833
£ 23:34:00 1.0 2102.0 - 823.833 0 116.292 - 5.000 -
- 23:34:30 1.5 1401.0- - - 821.667 114.126 ... 7.166
©23:35:00 2.0 - 1051.0 . 819.250 - 111.709 .- .9.583
23:35:30 2.5 841.0 o '817.417 ~  109.876 . 11.416
. 23:36:00 3.0 701.0 815.333 107.792 » 13.500
23:36:30 - - 3.5 601.0- - 813.750 106.209  ~ .15.083
23:37:30 - 4.5 467.7 ’ 809.917 - 102.376 . 18.916
23:38:00 5.0 421.0 - 807.917 100.376 - 20.916
23:39:00 6.0 - -351.0 _ 804.417 ~ . 96.876 . 24.416
©23:40:00 7.0 301.0 S ‘801.250 - 93.709 - - .27.583
23:41:00 8.0 - 263.5 - 798.000 190.459 ~30.833
23:42:00 9.0 234.3 795.000 87.459 - 33.833
23:43:00 10.0 .211.0. : 0 792.083 84.542 36.750°
23:44:00 11,0 191.9 ‘ .789.417 81.876 39.416
23:45:00° 12.0. - 176.0 o 786.500 -~ 78.959 = 142,333
23:46:00 13.0 . 162.% » 783.833 76.292 o 45.000
$23:47:00 14.0 ©151.0 ’ 781.333 o 13.792 - - 47.500
©23:48:00 15.0 141.0 . - 778.583 - 71.042 - 50.250
23:49:00 16.0 132.3 v - 776.6617 69.126 - - 52.166
23:50:00 - 17.0 -124.5 o 774.333 66.792 » 54.500
23:51:00 - 18.0 St o 772.333 - - 64.792 - 56.500
23:52:00 19.0 ~111.5 . 770.083 62.542 3 - 58.1750
123:53:00 20.0 - 106 . . 768.750 61.209 . 60.083
23:55:00 - 22.0 96.4 . . .764.500 . 56.959 o 64.333
- 23:57:00 — - 24.0 . 88.5 . - 761.083 53.542 s 67.75 .
23:59:00 " 26.0 81.8 .- ©757.750 . 50.209  71.083
00:01:00 - - 28.0 . 76.0 ' 754.917 - 47.376 - 73.916
00:03:00 - 30.0 71.0 - - 752.167 44.626 76.666
©00:08:00 35.0 . 61.0 L 747.333 . 39.792 - 81.500
00:13:00 - 40.0 53.5 R 742,000 . 34.459 - 86.833
45.0

©00:18:00 4.7 737.833  30.292  91.000



821

Table A3-14. (cont.)

' ~ Time since pump started
Time from Time since pump stopped Depth to Residual Water level

Time beginning of (tp + At) water level drawdown recovery
(hr) recovery (min) : At o (f1) (s (fY) (ft)
00:23:00 50.0 43.0 734.000 26.459 94.833
00:28:00 55.0 39.2 731.167 23.626 97.666
00:33:00 60.0 '36.0 729.500 21.959 99.333
00:43:00 70.0 31.0 726.083 18.542 102.750
00:53:00 _ 80.0 - 27.3 ’ - 723.750 16.209 105.083
01:03:00 90.0 24.3 721.750 14.209 - 107.083
01:13:00 100.0 22.0 ' 720.167 12.626 108.666
01:23:00 ‘ 110.0 20.1 719.167 11.626 109.666
01:33:00 120.0 - 18.5 718.167 10.626 110.666
02:03:00 ‘ 1150.0 15.0 - 716.667 9.126 112.166
02:33:00 ~180.0 - 12.7 715.250 - 7.709 113.583
03:03:00 210.0 11.0 714.500 , 6.959 114.333
03:33:00 . 240.0 9.8 714.000 - 6.459 114.833
04:03:00 - 270.0 8.8 713.750 6.209 : 115.083 -
04:33:00 ©300.0 - 8.0 713.500 - 5.959 115.333

©05:03:00 330.0 7.4 713.350 5.809 115.483
05:33:00 360.0 6.8 713.000 5.459 115.833
06:33:00 420.0 6.0 712.750 - 5.209 - 116.083
07:33:00 : 480.0 5.4 - 712.708 - 5.167 116.125
08:33:00 ‘ 540.0 4.9 712.625 - 5.084 116.208
09:33:00 600.0 4.5 712.625" - 5.084 116.208
10:33:00 ' 660.0 4.2 712.500 4.959 116.333
11:33:00 720.0 3.9 712.396 . 4.855 - 116.437
12:33:00 780.0 3.7 712.292 ' 4.751 116.541
13:33:00 840.0 3.5 712.167 4.626 116.666
14:33:00 900.0 3.3 712.00 4.459 - 116.833
17:33:00 1080.0 2.9 711.833 - 4.292 117.000
20:33:00 = . 1260.0 2.7 711.750 - 4.209 - 117.083
05:33:00 1800.0 2.2 711.667 S 4,126 © 117.166

0 1.8 711.417 3.876 1117.416

17:33:00 ‘ 2520.
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- Figure A3 17. "'éme-drawdown curve matched to Walton. type curve for pumpmg test
no. 6 in well LL132 Wllhams Ranch. Th|s well is Iocated apprommately 1 4 mi (23
 km) west of LL162 the site of pumping test no. 1 S ' :
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Figure A3-18. Time-recovery curve matched to Walton'type curve for pumping test no.
6.in well LL132, Williams Ranch.
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bs value of 76.5 ft (23.3 m) and a transmissivity of 27.4 gpd/ft of ‘drawdown
(3.7.‘ ftz/d. o .34 mz/d') (fig. A3419). The second segment ‘recognize‘d recorded a As
value of 27 ft ‘(8.2 m) and a transmissivity of 103 gpd/ft of drawdown (13;8 ft2 or
1.3 m2) and the late segment before t\his V\{G” reached equilibrium had a As of 9 ft
- (2.7 m) with a transmissivity of 310 gpd/ft of dréwdqwn (41.4 ftz/d or 3.8 mz/d).‘
Using the Theis metﬁod for recovery data un:der the same aquifer conditions as
required with‘ the Jacob method, a single trans’missivity‘of LL132 is 28.1 gpd/ft of
drawdown (3.75 ftz/d; or .35 mz/d) (fig. A3-20). The segment observed using‘>
Jacob’s method was not as apparent using Theis’ ‘method.

Averaging the six valueé cal;ulated for LL132 yields ‘a mean t‘ran.smissi\)ity »ofv
86.95 gpd/ft of drawdown (11.6 ftz/d, or 1.1 ‘mz/d) and a standard deviation of
1134 'gbd/ft of drawdown (15.2 f\tiz/d. or 1.4 mz/d). Both the drawdown dvat_a and |
recovery data illustrate the intersection With a fractdre or fracture system during thev
Iater period of dréWdown. ‘In order to better deﬁne this occurrence, additional testing
will be required and at a greater discharge rate, so that si.igniﬂcant drawdoyvn below

this interval mayv'be obtainéd.
PT #7

PT ’#7 waé, perforr.ned:in well LL138. referr{ed to as University #4 well. which is
iocated on the Williams Ranch, Hudspeth County (fig. 2, fig. _A3-'1')., The ranch road
Ieading"to this well is 4.7 mi (7.6 km) west of Cornudas, Texas, on U S Highway
62180, The well is 1.6 mi (2.5 km) south of the highway. A USGS elevation
bénchrhark is Iocaied aththe inters:ection of the highwabyi and the ranch réad, where
the elevation above sea level was meas,ured at 4.408 ft (1.343.5 m). N‘oé data were -
available regarding thé age of ‘this well, lithologies ‘encountere'vd While drillling. or the

producing interval. Total depth of this well is reportéd to ,be‘abou't 1.206 ft
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Fi‘gure A3-19. Time-drawdown plof interpreted using Jacob's method for pumbing test
no. 6 in well LL132, Williams Ranch. Three s‘egmients observed during d‘rawdown

similar to those recorded in pumping test no. 1, 1.4 mi (2.3 km) east of this well.
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Figure A3-20. Time-recovery pIot mterpreted using Thels method for pumpmg test no.
6 in well LL132, Williams Ranch ' '
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(366 m), but this depth could not be confirmed. For this pumping test, water intake
into the pump wés set at 850 ft (259.1 m) below land ‘surface. The wellbore
diaméter is 8 inches (20.3 cm) with surface casing down to an unknown depth. This
well, l‘ike all the wells tested, has been completed as an open-hole completion. Static
watef level in this well was meas,uréd at 789.9 ft (240.8 m) below |aﬁd surface.
Surface elevation of this well has been mapped at 4,409 ft (1,343.9 m) abdve sea
levél,.yfelding a water altitude in this well of 3.619.1 ft (1,103.1 m) above sea level.
Saturated thickness effective during this test was 60.1 ft (18.3 m). No other wells or
wellboreS ‘were ,_availablé in the immediate area for use as observation wells.  This w‘ellv-
~is producing NaSO4' waters from aquifer A, and total dissolved solids were mea‘suredv
at 1,722.28 mg/L. | |

'lehe drawdown phase of PT #7 was initiéted at 6:00 p.m., March 1, 1987.
Well LL138 is equipped with a 2 inch (5.1 cm) cylinder pump and maintained a
relatively constant discharge rate of 4.0 gpm (table A3-15). During‘» the pumbing :
period,b which lasted 1;440 min (24 hours), the recorded water level dropped only
41 ft ‘(1.25 m) (fig. A3-21), and 93% of the total dra\.rvdowr.ll occurred in th}e‘ﬁrst 10
min of pumping. During the drawdown phése. app‘roximatel‘y 5.760 gal of water were
produced. The drawddwn phase of this test was términated at 6:00 p.m., March 2
1987.  Owing t< problems wifh up‘ward movement of the probe resulting from friction |
with the installed polyhose, recovery measurements 'provéd té be unsuccessful. This
resulted in transmissivity calculations baséd ‘strbi‘ctly on drawdown data using Logan'§
methéd. and Walton's type c,un)es based on the Theis method for drawdown data.

‘Transmissivity ;énnot be calculatéd because, most of the decline in water level

occurred in the first 5 minutes and is attributed to wellbore storage.
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Time
(hr)

18:00:00
18:00:30
18:01:00
18:01:30
18:02:00
18:02:30
18:03:00
18:03:30
18:04:00
18:04:30
18:05:00
18:06:00
18:07:00
18:08:00
18:09:00
18:10:00
18:11:00
18:12:00
18:13:00
18:14:00
18:16:00
18:18:00
18:20:00
18:25:00
18:30:00
18:40:00
18:50:00
19:00:00
19:10:00
19:20:00
19:30:00
19:40:00
19:50:00
20:00:00
20:30:00
21:00:00
22:00:00
23:00:00
00:00:00
01:00:00
02:00:00
03:00:00
04:00:00
05:00:00
06:00:00
18:00:00

Table A3-15. Drawdown data from pumping test no. 7 at well LL138.

Time from
beginning of
pumpage (min)

OO NP WWNNM~~OO

. . .« . . o= 8 )
(== == == e I e e I e J e e Y e Qe Y e Y e e R e Y e R e QY e I e Y e e Y e Y e I e e Y e I e Y e Y e Y e Y e Y < Y e Y e I e Y e IS ) B e Y5 ) B e IS ) B e B3 ) B = B )

Depth to
water level
(ft)

790.
791.
791.
792.
.9583
792.
793.
793.
793.
793.
793.
793.
794.
794.

792

794

794

794

794

794

500
250
833
000

833
083
250
333
500
667
833
083
167

.250
794.
794.
794.
794.
794.
794.
794.
794.
794.
794.
794.
794.
794.
794.
.583
794.
794.
794.

333
333
333
417
417
417
417
417
500
583
583
583
583
583

583
583
583

.583
794.
794.
794.
794.
794.
794.
794.
794.

583
583
583
583
583
583
583
583

.583
794.
794.

583
583

.583
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Water level
drawdown

(ft)
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.000
750
.333
.500
.083
.333
.583
750
.833
.000
.167
.333
.583
667
.750
.833
.833
.833
.917
.917
.917
.917
.917
.000
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083
.083

Flow meter
reading

(gal)

Well
discharge
(gpm)

3.75
4.00
4.00
4.00

Lo
oo

4.0

3.75
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" Figure A3 21. Tlme-drawdown curve matched to Waltor type curves for pumplng test

-~ no. T |n well LL138 Wllllams Ranch
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~Additional teéiing with AmodiﬁCations in discharge rateg and mOn‘»it;)ri‘ng :equipmeht
~ would be of great value in determining a better approxirr‘latiorvwb‘of; transmissi\;}ity int this |
'wAe‘le._ Once again, discharge rates should f‘be ’in,crkea,sedb By a factor of 2 or more to -
linducé sufficient drawdown ddring a subSeqﬁenf PT. Whére a pump jack _s%upp_lies Iiff
for the water produced. disc,harge can often be increaSgd -simply by incréaﬁirf\g' the size
of the motor puﬂey: fhis could be done at LL138 va.nd LL148. When siub}mer‘si‘blébv
- pumps aci as the Iiftir{"g force, another purhb of greater horéepoWer would havé to be

, _iri‘stalléd in the well; this Would'be required at LL156.
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Appendix 4. Geoldgic and hydrologic data from El Paso Natural '
Gas Company Pump Station '#2 water wells, Hudspeth County, Texas.

The fQIIO\—AIing is ‘a synthesis of operational and maintenance records for eight
we"s drilled by El Paso Natural Gas Company (EPNG) to supply water to Pump
Station #2. This pump station, now ébandoned. is located 5.8 mi (9.4 an) south of
Cornudas, Texas. and 7.5 mi (12.2 km) southwest of site HU1A. Number (#) at the

beginning of each section denotes the BEG ID number for EPNG docUments..

Well #1 ‘ : o :
(1) History of drilling - On November 18, 1954, it was reported that welliwas‘drilled
in approximately 1929. Location is NE 1/4, NE 1/4, Sec. 24. Blk. 123 PSL.

(2) Operational data - On November 29, 1954, depth of well at 1.125 ft with a
static water level of 950 ft. Capacity of well reported as 7 gpm from June 1950 to -
present. Water level will decrease below the pump at a higher rate and also at 7
gpm if kept at that rate longer than 30 days. Pump is a rod type cylinder pump.

(3) WéII water chemical analysis - On November 29. 1954, two chemical analyses

were reported (mg/l).

5/2/50  6/2/50
pH | 73 76
Total hardness as CaCO, 376 428
Calcium as,CaCO3\ . --190 : 223
Magnesium as CaCO, o 186 - 205
P alkalinity as,iZaCO3- 0o 3 0
Total alkalinity as CaCO3 , 230 235
~ Chloride as CI 188 200
 Sulfate as SO, R 1295 293
- Silica as. SiO2 7 ' 15 14

Iron as Fe “trace - 01
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(4) © Water well data. Based on the November 15. 1954 report, the following well

data were summarized:

Drilling completidn‘date 1929

Total depth (TD) of well 1,200 ft

Static water level v 950 ft

Pumping capacity , 7 gpm

Make of pump \ JénSon Brothers

Rod size ’ 3/4 inches

Column size - -2 1/4 inches

Rated HP of pump 5 , _

Pumping column : ' 44 rods-25 ft @ 1,100 ft with 7-ft barrel

| and 8-ft perforated anchor.

This well is described as having an optimum capacity of 7 gpm and that water level
will decrease below the pump at a higher pumping rate. It is also noted that water
level will decrease below the purﬁp when used at 7 gpm for more than 30 days. A
produétion screen of unknown length was installed at 791 ft, 8 inches. This well
was later plugged back to 1,125 ft. '

(5) This driller’s log describing the encountered section of water well #1 was
prepared by M. E. Hawkins on June 20, 1950. Closing statement of the document is
that well was plugged back to 1,100 ft. ' '

llnteirval (ft)

From To Lithology and comments

110 132 Tan cream and pink dense limestone

132 140 Dense cream limestone ,

140 160 Cream yellow-tan and deep pink limestone, partly dolomitic

160 170 - Tan and cream dense limestone (partly dolomitic) partly silty.

trace chert ' | ' -

170 180 Yellow-tan, some cream and pink partly earthy dense dolomitic
, - limestone | - o |

180 185 Light énd"limestonevpebblés, some fragments of reddish-brown _

breccia, 20% fine to coarse clear worn sand, 20% gray clay.
80% chert

185 195 Sand and limestone conglomerate including siliceous pebbles
195 200 Light tan limestone, some quartzite pebbles

200 220  Cream partly dolomitic limestone, 30% pale gray chert
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220

260

-~ 290

310

320

330

340
360

- 370

390
400
410

45
425

435

455

475
500

520

530

545

560
575

625

650

680
690

705

715

260

- 320

330

340
360
310
390

400
410

415
425
435
455
475
500

520
530

545

560

575
625
650

660
680
690

705

715

720

290
310

‘Gray-tan p'artly dolomitic irregular textured ’llmestone

‘Irregular textured gray- tan. some cream limestone

-dull ‘tan chert

Cream limestone and pale gray chert

Cream limestone, gray and trace green tuff, 20% pyrlte

Dark yellow-tan, some reddish slrght_ly granular dolomrte. 20%
light. chert i o | AR

Dark tan granular dolomlte trace red starn and chert

~ Dark tan granular dolomite, 20% pink chert

Dark tan and pmk dolomite, 25% gray whrte and prnk chert
Dark tan dolomite, trace Ilght chert ‘

Dark tan granular dolomite, 20% dense white chert

‘Dark vtan dolon'nte

Light and dark tan and dark gray dolomrtlc Irmestone ,
Tan brown some gray -black. Ilmestone _
Brown and brownish gray Ilmestone trace dark chert -

Dull tan to gray-brown limestone, trace chert’ and black shale

Tan and light brown limestone

Tan limestone. 10% white chert

Tan limestone, 20% crearn_ chert

Tan limestone, 10% chert

Light and dark tan limestone. trace chert ‘

Dark gray-brown limestone, 20% black limey shale, trace dark

chert

 Dark brown -gray Ilmestone trace chert and shale
Dark brown gray and light tan Ilmestone trace black shale and

“chert »

Tan fine crystalllne Ilmestone 20% whrte chert

 Brown irregular textured llmestone partly mixed wrth some

: lrghter limestone

Tan and I|ght brown llmestone 20% dark chert, trace:black
shale ‘
Lnght .tan wrth some gray limestone, trace black shale ‘

‘Tan limestone, trace light fine-grained chert

Brown-tan mrxed wrth some cream llmestone 20% fner granular'

Limestone as above .
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720 730 Dark tan, some brown-black shaly granular limestone

730 745 Brown, irregular textured limestone, 20% black shale
745 760 Gray-brown irregular textured limestone
- 760 780 Limestone similar to above
780 800  Gray-brown, some tan limestone, 10% light chert,
B trace black shale : »
800 830 Tan limestone, Show Water
830 - 845 Gray-brown limestone. 25% calcite
845 875 Gray-tan limestone, trace calcite, black shale and white chert
875 900 Tan, some dark gray irregular textured limestone
900 930 Gray-tan irregular textured limestone, trace black chert
930 950 - Gray-tan limestone, trace black shale
950 990 - Brown limestone. some darker and shaly
990 1000 Tan to brown limestone |
1000 ' 1040 lrregular textured brown-gray limestone
1040 1060 Light and gray-tan limestone, trace black shale
1060 1070 Gray-tan rather dense limestone
1070 1090 Irregular textured light and gray-tan limestone
1090 1110 Irregular textured gray-tan limestone, 25% dark gfay chert
1110 1120 Gray-tan partly shaly limestone . |
1120 1130 Gray-tan slightly granular dolomitic limestone
1130 1150  Tan limestone, 30% dark gray shale
1150 1170 Sllghtly granular and dolomitic llmestone 20% dark gray shale
1170 1190 Very coarse partly worn clear sand, 20% dark gray shale, 25%

. gray and tan limestone, trace glauconite Water 1190
1190 1235 Slightly dolomitic gray-tan limestone, trace black shale

Wells 2, 3, 4, and 7
(6) Memorandum dated November 24, 1954, réports the following status of water
wells 2. 3, 4, and 7. Wells 2 and 3 were drilled in approximately 1929 and were
‘abandoned in approximately 1938. The casing was pulled from both wells, and
‘remaining boreholes were then filled with dirt. Well #4 location is listed as NE 1/4.‘
NE 1/4. Sec. 24, PSL Blk. 123, Hudspeth County. Texas. This is 1/4 mi south of
the'pu’mp station. Well #4 was élso abandoned, but thev‘dates for drilling or

 abandonment are not given. A plate was attached to a surface nipple on top of the

142



A

caSing at time of abandonment/'.r This well was 700 ft deep. Well #7 was drilled in
1947 and was never completed. A plate was secured to the surface casing when this
“well was abandoned. . | ﬁ | o

Well #5 | o | S . ,
(7) Location reported as NE 1/4, NE 1/4. Sec. 24, PSL Blk. 123. 900 ft south of
the pump station. Well was drilled on August 18. 1936, to a total depth of 713 ft.
Casing string is given as 60 ft of 10-inch pipe and 703 ft of 4-inch pipe.lb Pumping
equipment. at this time consisted of an Allis Chalmers electric motor pump jé‘ck. This
borehole is reported to be crooked at 400 ft. .
(8) Driller's log (source of driller’s log listed as Compressor Department, El Paso
Natural Gas Company): | | '
Interval (ft)

AN

From To Lithology and commvents
0 4 ft Surface
4 21 Caliche-hard |
21 45 White lime |
45 80 Sandy blue limestone
80 110 White lime
110 125 Sandy blue limestone
125 185  White limestone
185 198  Black limestone
198 250 Red rock-hard
- 250 270 White limestone
270 295 " Yellow sandy limestone
295 389 ' Hard gray limestone
389 400  White limestone -
400 ~ 402 Gray limestone
402 452 Yellow sandstone, some limestone
452 515 Yellow limestone crevis, 479-485
515 530  White limestone |
530 ° 550 Gray limestoné
550 . 624 - White limestone
624 647  Gray limestone, crevis at 637, lost drilling water
647 700 Yellow limestone, crevis 647-653. no lost returns

700 713 Corrected to 703 water sand
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(9) The chemical analysrs of ground water in well #5 glven below was. dated
1 November 18 1954:

{

‘ -3/49 f . "No date'_

pH 82 18
- Total hardness as CaCO o ,‘_'“‘376' S 300
v"Calc1te as CaCO, 240 o f,223 E
Magnesium as CaCO'3 o Lo 136 o 77
- P alkalinity as CaCO3 L . 0 0
~Total alkalinity as CaCO, 230 260
Chloride as CI 136 170
~Sulfate as SO, S | o 165 S e e
~Silica as SiO,2 _— o . 36 17
Iron as Fe IR - o, 0 -
~ Total solids 1092 958

(10) '. Appropriat_e port'ions‘ of the maintenance record for Well #5 are listed below.

'gD‘rillingbrop‘erations for Well #5 began July 7. 1936, ‘andIWere' c'o'mplfeted on August
18, 1936. September 18, 1957 entry includes (1) total depth of hole is 697.5 ft
(212"6 m): (2) static water Ievel is at 675 ft (205.7 m); (3) initial capacity after
- service of well was 85 gpm on 13 cycles per mmute of pump jack: (4) On January_-

21, 1958 productlon rate was measured at 10.0 ‘gpm after replacmg pump parts andv'

rods; (5) On February 17, 1958 productron rate_still recorded at 10 gpm.
(11) Water well maintenance report dated Auglust 12. 1965. Reports th'a‘t static
water level rose from 693 ft:(21“1' m) to 684 ft (208 m) after re'placing a portion of
“plpe stnng and »ump Before servrcmg " the productlon capacity fell from 11 gpm to

5 gpm. and productlon barrel was faulty ‘and sanded up

{(12) Undated operatronal memorandum repeats that this hole is crooked at. 400 ft

(121.9 m) and recommends that in the future a cable tool rig be used to reclaim all

of hole (from cavrifng)‘ This memo also reports the static water level at well #5 for

- August 1965 to be ranging from 693 to 684 ft (211.2 to 208.4 m) and in October S

© 1965 to be static at 690 ft (2103 m)‘ Onglnal total depth of borehole (TD)
reported to be 713 ft. (2“173 m). SN -
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Well #6 v

(13) Location of well is NE 1/4, NE 1/4, Sec. 24, PSL Blk. 123. This is located
~1/4 mile south of pump station. This well was completed at a total depth of 1.209
ft (368.5 m) in 1938. Production was reported as 12 gpm through 8-inch casing.
(14) Operational record dated November 29'.__1954, states that well has a total depth
of 1,214 ft (370 m) and a static water level of 1,044 ft (318.2 m). Production
capacity for this well is given as 20 to 30 gpm, and it is reported that water level
will decrease below the pump if rates are greater.

(15) Chemical analyses reported for two consecutive days for well #6 on November
18, 1954.

7/24/52 7/25/52

pH 7.5 - 16
Total hardness as CaCO, 430 450
Calcium as CaCO, 250 250
Magnesium as CaCO, - 180 200
P alkalinity as‘CaCO3 -0 -0
Total alkalinity as CaCO3 ~_ 290 270
Chloride as CI 72 64
Sulfate as SO4 288 310
Silica as SiO, : 9 12
Iron as Fe trace -
Total solids 980 1000

(16) Driller's log for Well #6.

Interval (ft Lithology and comments

From To -
25 35 Buff and gray lime

35 45 Buff and gray lime, scattered sand grains

45 55 - Buff and gray lime, scattered sand grains

55 65 Buff gray lime, fewer sand grains

- 65 80 Buff gray lime. few quartz grains

80 - 95 Gray buff lime, rust-colored limey shale

95 105 Gray lime. few quartz grains _

105 115 40% gray buff lime, 60% calcite crystals, and few pyrite inclusions

115 127 Gray and buff lime
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127
136

140

150
- 160
196
208

218

229
233
237

1240

249
250

269

Y4

295

305
315

320

330

340
360

370

380
400
424

430
440

450

490

500

530
540

550

560
570

136

140

150 -
~160 -
196
1208

218
229
233

237

240
249
259
269
271

295 -

305

315

320

330
340
360 -

370

380
- 400

424
1430

440

450

490
500

530
540

550

- 560
570
580

Brown dolomrte and calcitic lime, crystallme , ,
90% gray lime, 5% black lime, 5% black Irmey shale
Blue lime , ' :
Blue and gray lime s

Blue and gray lime

Blue and gray lime, scattered sand grains -

" 80% blue and gray lime. 20% sand with some pynte '

Bluevand gray lime, scattered sand grams

~ Blue and gray lime

70% buff and blue lime, 30% partly rounded quartz grains

 80% buff lime. 20% sand

90% buff lime, 10% calcitic sand

Buff lime some calcitic and ~quartz sand

Gray buff lime

Gray buff lime

Brown dolomitic lime, few calcrtlc and quartz grains
Gray buff lime. few calcite grains

Light brown lime o v

Dark brown lime, few calcite grains."some pyrite

Blue gray lime- ,
- Dark brown_lime, few calcite grams

‘Dark brown and gray llme

Dark brown and gray hme. few calcite gr_ains ;
Dark grayvand light gray lime |

Dark gray and some light brown lime

Very dark gray lime

- Dark brown lime, few calcite grains

Brown ‘lime, few calcite grains
Brown -and lighter brown lime

Dark brown and gray lime

_ 'Lrght brown and brown lime

Brown lime
Dark brown lime

Dark brown and light lime |

* Light brown lime and few calcite grains

Light brown and little white lime, few calcite grams ;

nght and dark brown lime
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580
590

600

610
620
640
650
670
680

690

715
729
750
770
800

- 830 .

840
850
870
900
930
940
950
960
980
1000
1010
1018

1030

1038
1062
11068

1086

1087

1094

- 1099

590
600

610

620
640
650

670

680

690

715
729
750
770
800

830

840
850
870

900

930
940
950
960
980

1000
1010
1018
1030
1038
- 1062

1068
1086

1087
1094

1099
1104

‘Brown lime, numerous frosted quartz grains

| ‘Brown lime. 5%-10% calcite grains

—skrpped ‘interval on log-

Light gray lime. few calcite grains

Light brown lime

Dark brown lime }
Dark brown and light brown lime
‘Dark gray lime. few calcite gralns

_ Dark gray and brown lime

Lrght brown. lime

Dark brown and brown lime

Dark brown lime ‘
Dark- gray lime, few calcrte grams
Brown lime. few calcite grains
Dark ‘brow_n lime. few oalcite grains o
Dark brown’ lime and brown lime
'Brown lime

Brown and light brown lime |
Brown lime |

Dark brown Irme

Brown Ilme

Dark brown lime -

_Brown lime

‘Dark brown and brown I|me

Brown lime

a Brown: and light brown lime-

Light brown lime
Dark brown Irme
Brown. lime

Dark brown I|me

Brown lime

‘Brown and Ilght brown lime = o T

Brown lime. semi-frosted quartz grams

Dark brown Irme

nght brown lime, few green limey shale ﬂakes few quartz gralns

Irght brown lime contains fossil remnants

Dark brown Irme numerous frosted quartz grains . |
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11104 1115 Light brown lime, few frosted quartz grains
1115 1120 Light brown lime, some pyrité' inclusions
1120 1128 Dark brown lime

1128 1150 Brown lime ,
1150 1160 Brown lime, few frosted quartz grains
1160 1170 Brown lime, few calcite grains

1170 1175 Dark brown fossiliferous grains

1175 1180  Dark brown lime |

1180 1189  Brown lime |

1189 1204 Dark brown lime

1204 1209 Dark brown lime and gray lime--TD

Well #8 v . |
(17) Well data sheet gives location for this well as NE 1‘/4, NE 1/4. Sec. 24, PSL
Blk. 123 (outside southwest corner of plant location). This well, completed on June
26. 1951, was drilled by Holland Page. Jr.. to a TD of 1.288 ft (392.5 m). Well
was temporarily plugged and abandoned March 28, 1956, and restored to production

on January 20, 1958. _ |
(18) This document is a memorandum to W. H. Miller from M. E. Hawkins

reporting the results of pump tests on well #8.

%g ' Time Gallons per minute (gpm)
11/26/51 1230 pm. ~ start test |
11/26/51 12:30-4:30 p.m. 45
- 11/26/51 %:30-11:30 p.m. 30

11/26-27/51  11:30 p.m-8:30 am. 25

11/27/51 8:30 a.m.-10:00 p.m. 20

11/27-28/51  10:00 p.m.-6:30 a.m. 15

11/28-12/5/51 6:30 a.m. to present 12
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(19)

for water well #38.

Date
6/2/51
6/3/51

6/4/51

6/5/51

6/6/51

6/7/51

6/8/51

Interval

0-43
43-45
45-65
65-75
75-80
80-86
86-94
94-95
95-100
100-106
106-114
114-120
120-124
124-134
134-140
140-143
143-155
155-165

165-171
171-175
175-190
190-195
195-205
205-225
225-233

233-239

239-240
240-245
245-253
253-270
270-276
276-295

The following is a synthesis of a combined driller's log and operational report

Lithology and comments
Caliche

Lime

Yellow lime

Brown lime

Yellow lime

Yellow lime

Gray lime

Light brown hard lime

Light brown hard lime

Lime ballard gray lime

Lime gray

Lime brown hard

Lime brown hard

Gray lime

Gray lime

Gray shale

Gray lime shells

Lime, broken medium, little water at 158-
160

Lime gray hard

Lime, broken. little more water at 171-175
Broken lime

Gray shale

Gray lime

Lime hard sharp

Lime hard sharp

Sand. report increase in water
Hard gray lime

Lime gray hard

Lime broken

Lime-sand medium

Lime-sand

Yellow lime hard
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6/9/51 295-310 “Lime gray brown hard

310-325 Brown lime hard
6/10/51 - 325-340 Lime brown hard
) _ 340-348 ~ Lime
6/17/51 348-355 Lime hard
. 355-358 - “Lime hard
6/18/51 358-360 ~ Lime hard
V 360-370 - Lime hard
370-377 Black lime
6/19/51 377-383 | Hard lime
- 383-397 ‘ - Hard lime, testing water, 1.5 bailers per
_ ‘ ' - hour Rk
6/20/51 397-401 ‘Hard lime
401-410 ’ Brown lime
410-421 : Brown lime
- 6/21/51 421443 Brown lime
| | 443-450 N Brown lime
6/24/51 450-455 Brown lime hard
455-464 Brown lime hard
o 464-480 " Brown lime
6/25/51 480-493 Brown lime
| - 493513  Brown lime
6/26/51 . 513-525 " Brown lime hard
- | 525-557 Brown lime
6/27/51 257571 Lime shells
‘ ’ | 571-607 ‘ | Brown lime
6/28/51 607-618 “Broken lime hard |
618-649 ' - Black lime, tested production at 0.5 bailer
, v : per hour
6/29/51 . 649-685 - Lime
6/30/51 685-698 . Lime
7/1/51 698-710 Lime hard
| - 710-743 " Black lime
7/3/51 743760 Black lime
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7/4/51

- 7/5/51

7/6/51
7/1/51

7/8/51

7/9/51

7/10/51

7/13/51
7/14/51

71551

7/16/51

” 7/17/51 .
7/18/51
7/19/51

7/20/51

 7/21/51‘

7/22/51

760-771
771-777
777-790
790-804
804-825

1 825-843

843-875
875-885
885-908
908-920
920-933
933-940

940-952
952-963

 963-973
973-983

983-985
985-997

1997-1021

1021-1051
1051-1070
1070-1093
1093-1131

1131-1150

1150-1180

-1180-1200
1200-1217

1217-1235

1235-1266

Lime black

-~ Gray lime

Browh, lime
Black lime
Gray lime
Blue lime
Gray lime

Gray lime hard

~Gray - lime

“Gray lime

Gray lime hard ,
Gray lime. tested water production. rate at

1.5 bailers pe'r‘ hour

- Gray Iime"

Hard gray lime
Hard gray lime
Gray lime

Black lime
Black lime

Blue gray lime -

Blue gray lime h.ard

" Black lime

Blue gray lime

- Blue gray lime

- Shale-gray lime

Blue gray lime, possible water from 1‘17Q

- to 1180, begin testing water-no results

~ Black lime

151

Blué gray Iime.'testing prodt‘:ction—‘inivtialy
rate of 2.5 bailers per hour, increased._to‘\
10 bailers per hour | . '

Blue gray lime. tested 5 ‘bailejrs pervhour.
hit small crevice at 1225 | -

Shale ‘and lime



7/23/51 1266-1288
7/24/51 1288

- 7/25/51 1288
7/26/51 1288

Shale and lime, recorded 400 ft (121.9 m)

of fluid in the hole, bailed from 11:30 a.m.
to 5:30 p.m. (75 bailers full). during one

hour delay for equipment repair-water level

‘rose 100 ft, at 530 ft. 65 bailers water

500 ft |
Continued bail?ng, water rose approximately
25 ft (7.6 m) averaged bailing 15 bailers

‘per hour-lowered the water level 40 ft

o (12.2 m) -shut down 45 minutes and

water level rebounded to original level  of
250 ft (76.2 m) (Note-the water level of

250 ft mentioned in this entry is unclear

- because the last entry noted water level of

approximately 530 ft (1615 m)

Started production test. Before starting-

water level measured at 590 ft (179.8 m),
recovered 23 bailers in 1 hour, water level
at 948 ft (288.9 m). after bailing 1.640
gallons bailed (6207.4 L)-bailed 23 to 24
gallons per h\our-maximum"dr'a'wdowh
measured was 200 ft (60.9 m)

420 ft (128.0 m) of fluid in the hole at

beginning of production testfreCOVered 21
bailers containing 1.425 gal (5393.6 L)
lowering water table 100 ft (30.4 m)

unable(to lower water table below 200 ft

A(’60.8 m)-end of test.
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(20) The following chemical analysns as prepared for water well #8 by D C. Kelly

| is dated November 18, 1954

pH

Total hardness as CaCO3

Calcium a_s'CaCO:,'

- Magnesium as CaCO3
P alkalinity as CaCO
Total alkalinity as CaCO
Chloride - as CI

Sulfate as "SO4

Silica as SiO2

Iron as Fe

Total solids

- 7/24/51

7.6

400

230
170

215

80

108
18

-trace

12/--/51

7.4

- 405
240

265

230

104

336
17

1578

(21) An operatlonal report. dated March 1952 provudes mformatlon about water found

in the following intervals in water well #8:

158 ft- 165 ft
171 ft- 175 ft
1170 ft-1190 ft

Static water level is recorded at 626.5 ft (190.9 m).

Other remarks in this memo

“include (1) well does not have a sand trap. (2) is not gravel packed. (3) d‘des have a

foot valve, and % well does not pump sand.

~
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<0.05

BEG - TwCl
1D Well name 1D As.  Cd2+ Lit Fe2+
LL128 Temple Well 48-24-1 <0.05 - <0.03 0.07 *0.02
LL129 Guillen Exxon 48-23-201 ‘<0.05 ~ <0.03 *0.05 0.08
Well )
LL130 Desert Inn Well 48-14-7 <0.05 <0.03 0.08 0.04
LL131 Cornudas Cafe 48-13;7 <0.05 <0.03 0.10 <0.02
Well o :
LL132 Williams Ranch 48-20-6 <0.05 <0.03 *0.04. 0.03
House Well -
LL133 Puett Well 48-13-8  <0.05 <0.03 0.16 1.62
LL134 Hobo \X’eli—Deep " 48-20-5 <0.05 <0.03 .0.09 .42
LL155 Jardin Well ) 48-30-4 <0.05 . <0.03 0.45 6.97
LL136 Sparks Windmill =~ 48-14-9 . <0.05 <0.03 0.14 16.3
LL137 Sparks House Pump 43-14-8 <0.05 <0.03 0.14 . 2.24
o Well i )
LL138 Williams #4 Well  48-12-8 <0.05 - <0.03 0.09 11.8
LL139" Stewart' #2 Well: 48-12-5 <0.05 <0.03 0.10- 0.25
LL140 Adobe House Tank 48-21-5 <0.05 <0.03 0.11 5.2¢4
) Well o '

. LL141 Bravo Well 48-29-3 ‘7<O.05 <0.03 0.15 <0.02
LL142. Three Sisters Well  48-29-1 <0.05 = <0.03 0.11 0.17
LL 143 Sumrall Well 48-16-7 © <0.05. <0.03 0.09 <0.02

- LL144 Foster House Well " 48-14-1 <0.05 <0.03 0.12 0.10
LL145 Foster South Well - 48-13-9 <0.05 : <0.03 0.08 0.07
LL]%_ Stewart f#/1 Well 48-12-5 <0.05 <0.03 0.08 13.0
LLI47 Beard #1 Well 48-12-7 ~<0.05 '<0.03 0.13 0.1l

- LL148 Red Well 48-23-7 <0.05 <0.03 0.22 3.10
LL149 Sampson Well 48-23-1 <0.05 <0.03. 0.11 0.05v
LL152 Gibbs Well 48-14-4 <0.05 <O.>03 0.13 0.03

_LL153 Dyer #2 Black - 48-31-9 <0.05 . *0.03 0.16 0.07

_ Mountain South Well' = =7 "~ ' P
LL154 Flattop Well - 48-24-9°  <0.05 " <0.03 0.09 0.35
_ Figure 2 Ranch N . ) o :
LL155 Dyer #3 Well 48-39-1 <0.03°-0.19 0.65

Abpendix 5. (cont.)

Trace ions (mg/L) and isotopic composition.

2.91

Aquifer A+

Sr2+ Ba2+ Br- - F-  §180xx  g§p=» Tritium _ §34sex §13cxx pmct 14c Agett
8.04 0.06 0.5 3.0 -9.18  -63.8 4.1 1611 -5.77 13.47 7,639
8.25 0.06 0.5 5.2 -9.19  -72.7 2.7 12,11 -5.78  9.56 10,488
6.14 0.03 0.7 5.1 - -9.17  -70.3 3.8 5.56  -8.49  6.74 16,556
549 0.05 0.7 5.0  -9.18  -69.8 3.5 4.53 -6.07 . 10.5% 10,084
3.77 0.61 0.6 5.0  -6.90  -50.9 13.7 $.61  -8.00 21.02 6,660
5.58 0.03 1.0 . 5.0 -10.21 -81.1 2.3 571 -6.36  5.36 16,061
0.09 0.02 0.8 7.2  -8.01 -64.2 2.3 7.70  -8.92  18.46 8,635
0.45 0.08 1.4 9.0 -9.15  -67.4 2.8 15.72. -6.79 ~ 5.08 17,046
0.14 0.03 0.7 6.6 -10.53 .  -81.5 3.3 11.29  -3.64 -~ 5.99 10,529
0.14 0.0l 0.7 6.2 -9.53  -71.3 3.2 10.37  -4.67 11.32 7,328
0.09 0.08 0.8 6.3 -7.91 -65.1 6.8 10.12 -9.65 13.98 11,583
0.10 0.03 0.8 5.7 -10.44  -79.6  <0.8 Sl.26 -10.35  4.36 21,832
0.11 0.04 0.9 8.5 -9.73  -76.0 8.2 7.05 -5.67 13.02 - 7,775
0.15 0.02 1.9 9.0 -2.72  =-35.3 3.4 5.84 0 -7.99  46.52 84
0.11 0.12 1.9 7.7 -8.16 = -66.5  <0.8 7.23 -6.27  23.50 3,725
0.09 0.0 0.39 1.3  -9.26  -64.8  <0.3 [1.13  -6.80  19.64 5,830
0.12 0.10 0.75 2.7  -9.47  -69.1 2.2 7.81  -7.5% 49.5  modern
0.08 0.02° 0.81 3.0 -9.82 = -75.4 4.5 4,26 -7.59  9.71 12,610
0.08 0.04 0.93 3.0 -9.79  -73.2 1.9 -0.72 -10.04  4.84 20,678
0.13 0.09 0.92 3.0 . -8.36  -63.8 3.0 6.58 -8.01  6.31 16,618
0.22 0.06 0.9 3.3  -9.71 -75.0 4.5 5.91 -7.46 13.13 9,974
0.11 0.03 0.63 2.3  -8.99 = -68.6 1.4 9.28 -6.38 16.70° 6,691
0.13 0.11 0.69 2.7  -9.69  -72.9 1.2 6.74  -7.58 - 7.60 - 14,628
0.16 0.0t 0.82 2.7 -8.42  -61.8  <0.8 5.58  -7.09 10.96 11,047
0.09 0.12 0.50 1.5 -8.90  -61.8 8.1 - 11.06  -7.40  25.54 4,406
0.19 0.07 1.46 3.0 . -7.31 -su.8 20t -6.76  9.08 12,210



65T

BEG

LL128 -
LL129
LL130
LL131
LL132

LL133
LL134
LL135
LL136
LL137

LL138
LL139
LL140

LLI4l
LL142
LL143
LL14y
LL145 .
LL146
LL 147
LL148
LL149
LL152
LL153

LLI54

LL155

Appendix 5. ‘Chemical and isotopic composition of ground-water safnples, HUIA and HUIB sites, Hudspeth County.

Major ions (mg/L) and temperatures CC).

Aquifer A+
Well Name Coordinates Ca2Z+ = Mg2+  Nat K+  HCO3  SO,2
Temple Well 3% 40" 105°05'25" 320 116 278 1 -3 236 820
Guillen Exxon Well .~ 31°%4'48" 105°12'06" 193 79.7 113 . 5.2 178 680
‘Deésert Inn Well 31%5'56"  105°21'22" 178 73.5 269 7.0 345 553
Cornudas Cafe Well 31%6'y5" 105°28'09" 146 63.7 325 10.0 293 580
Williams Ranch ) : g
House Well 31%1'31" 105°30'09" 95.1 37.1 100 : C 2.7 299 170
- Puett Well 31°46'38" 105°26'53" 199 86.6 462 12.7 332 . 950
Hobo Well-Deep 31041 ayn 105°33'07" 157 73.2 308 5.8 352 710
Jardin \Ve“ 31°3327" 105°21'25" 169 - 60.9 964 40.5 - 412 580
Sparks Windmibll 31°46'18" 105°16'45" 605 193 259 11.7 243 2210
Sparks House ’ : .
Pump Well 31°5'39" 105°18'04" 497 121 310 9.2- 263 - 1470
Villiams #4 Well 31%6'21" . 105°33'09" 176 80.5 238 5.9 283 740
Stewart #2 Well 31°48'30" 105°32'52" 358 133 303 5.8 430 1490
Adobe House : R : ‘ ; ' -
Tank Well 31°1'10" 105°25'18" 11 43.6 249 7.9 328 - 510
Bravo Well 31°36'14" 105°24' 27" 95.2 . 69.8 . 381 5.9 177 690
“Three Sisters Well 31°3¢'10" 105°28'18" 118 60.1 290 3.7 251 570
Sumrall Well 315 57" 105°05'20" . 252 95.2° 303 - 9.1 290 660
Foster House Well 3105104 105°21'44" 213 86.8." 340 8.4 v 300 730
Foster South Well - 31%7'15" - 105°22'47" 141 - 59.4 182 4.3 340 530
Stewart #/1 Well 31°48'29" 105°32'56" 258 102 225 4.9 400 1040
Beard -1 Well 31°46'07" 105°37'02" 166 87.6 - 408 7.1 400 840
Red Well 31°37'47" 105°ll}'210" 153 - 604 4l6 18.3 320 540
Sampson Well . 31°%42'04" 105°12'45" 216 86.2. 267 9.0 280 - 1590
Gibbs Well 31°49'17" 105°20'17" 203 82.9 328 10.3 310 700
Dyer #2 Black - R ’
Mountain South Well -31°31'20" 105°09'33" 13 52.8° 324 4.6 370 290
Flattop Well-Figure 2 : '
‘Ranch o 31°37'49" 105°02'10" 218 80.4 265 9.7 290 - 550
Dyer #3 Well 31°28'16" 105°13'16"

150 77 400 14.5 370 700

cr-

530

117
305
312

78
405

202

1300
245

401
172
122

147
275
209
500

.. 410

110

91
340
490

410

380
400

420
340

40

24
2.7
3.8

92
<1.0

- <1.0

<1.0

<1.0

<1.0
<1.0
2.4

26
76
99
1o
1.3
7.0
<1.0
6.0
10

‘30

1.0

16
13

TDS Temp.
2363 22
1404 25

1745 24
1764 24 .
884 25
2462 23
1827 .22
3552 23
3303 22
3095 20
1722 22
2859 21
1445 22
1787 25
1616 22
2126 23
2103 26
1384 21
2145 19
2267 2
2021 20
1898 22
2027 21
1581 22
1857 24
2077 19
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Appendix 5. (cont.)

Major ions (mg/L) and temperatures (°C).

Aquifer B+
BEG o . , o
D Well Name _ Coordinates CaZ+  mg2+ Na+ K+  HCO3 SO42- CI-  NOj- TDS Temp.
LLIS0 . South Wel 31°35'29" . 105°30'08" 97 50.7 247 4.3 240 470 10 63 1322 20
LL151  Dyer #1 Ranch House 31°29'45" 105°21'59" 89.3 58 519 6.7 400 830 . 230 105 2247 21
LL156 - Baylor - New Well 31°28'05" - 105°22'59" 66.3 36.6 164 3.3 200 230 130 99 936 S22
LL157  Baylor - Old Well 31°27'38"  105°24'51" 85.2 . 22.4  87.3 3.3 . 240 110 6l 100 715 20
Aquifer B+
BEG “Twcl o ,
D Well name D As Cd2+ -~ Li* Fe2+ Sr2+ Ba2+ Br- ' F- §180%*x  §gp*= Tritium . §34s*=  §13Ccx=- pmct 14c Agett
LL150: South Well 48-28-3  <0.05 <0.03 0.10  0.06 0.10 0.16 1.74 3.7  -8.27 -63.0 0.9 - 6.87 -5.40 35.77  modern
LL15] Dyer #1 Ranch 48-38-1 <0.05 -<0.03 0.14 0.03 ‘0.14 0.02 2.06 3.7  -8.19 -64.7 <0.8 6.3t --5.65 11.82 8,54l
House : : . ' S :
. LLI56 Baylor-New Well ~ 48-37-3  <0.05 .<0.03 0.07 <0.02 0.07 0.0% 1.31 3.0  -7.38 =57.4 9.5 6.65 -4.73 39.43  modern
LL157 Baylor-Old Well - 48-37-3 © <0.05 <0.03 0.06 0.19 0.06 0.14 0.60 3.0  -7.04 -46.4 (’32?\9} 9.00  -4.75 90.77 - modern

+ see fig. 7 for distribution
< less than indicated value
* reported value near detection limit K ) : :
** § 80 and 8 2H are defined relat:ve to SMOW §34s is glven as'deviation from the Canyon Diablo Meteorite standard. § 13C is defined relative to Pee Dee Belemnite
carbonate. ' ‘
+ PMC is percent of modern carbon
"+t 14C age was corrected by using & I3C values (Kreltler and. others, 1986b; their Appendix 5)

'ITWC's well identification syste_m'has 3 sets of numbers; prelxrnmary wells have only one number in the last set, pefmitted wells have 3.
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Appendix 6.

A. Chemical and isotopic composition of ground-water samples, Fort Hancock site (Kreitler and others, 1986a).

Major ions (mg/L) and temperatures (°C).

F W N O~ W RS NS N
e N T e N R I NS RN

K+

4.6

HCO3~

161
263

96
495
242
282
336
234
411
278

60

501

SO42-

2270
395
315

- 770
360
168
438 -
275
570
525
710

520

Cl-

520
259
555
1450
168
116
88

10.

137
128
416

148

Trace ions (mg/L) and isotope compovsitionl in ground-water samples.

LL106 Thaxton §p

105°42'57"

~0.02

BIIIi)G Wéll name Coordinates Ca2+ Mgz“ . _Nat
LL107 #48-42-1 Windmill 31°22'12"  105°50'52" 169.0  35.3 1250
LL108 - 48-42-404 Well 31°18'56"  105°51'27" . 34.7  11.9 410
LL109 43-41-618 Well 31°17'31"  105°52'45" . 23.8 23.9 486
CLL110 - 48-41-2 Well 31°19'37"  105°54'55"  387.0 91.7 881
LLIIL 48-33-9 Windmill 31°23'18"  105°53'18" 26.8 10.5 327
LL112 Head of Canyon WM . 31°31'42"  105°42'05" 61.6 19.3 177
" LL113- Wilkey Well ne. | 3192323 105°4048" 77.1 43.1- 237
LL114 Wilkey Well no. 2 31°2248"  105°39'07" 131.0 24.6 55
LL115 Gunsight Windmill no. I 31°25'03" - 105°30'20" 37.3 22.1 454
LL}16 Owens Well ' 31°22'31" . 105°45'50" 48.4 15.3 362
LL126 Low Level Well S31%28 14" 105°4 332" 70.7 6.9 549
Springs:
LL106 Thaxton Sp 31°28'11" © 1 105°42'57" 26.8 22.9 475
BEG E v
ID- Well name Coordinates As Cd2+- Lit = Fe2+ Sr2+
LL107 48-42-1 Windmill 31°22'12" 105°50'52"  0.012 <0.03 ° 0.26 0.04 3.20
LL108 48-42-404 Well ~ 31°18'56"  105°51'27" 0.017° <0.03 0.10 0.05 1.0l
LL109 48-41-618 Well ~ 31°17'31" | 105°52'45"  <0.01 <0.03 0.21 0.02 1.43
LL110 48-41-2 Well  31°19'37" - 105°54'55" = <0.01' <0.03 0.26  1.35 6.69
LLILI #8-33-9 Windmill  31°23'18" 105°53'I8" ° '<0.01 <0.03° 0.10 0.49 0.81
LL112 Head of Canyon . 31°31'42" 105°%42'05"  <0.01 <0.03 0.06  0.10. 1.72
Windmill
LL113 Wilkey Well ,
no. 1 31°23'23". 105°40'48"  <0.01 <0.03 0.05 0.71 3.90
LL114 Wilkey Well . S .
. no. 2 31°22'48"  105°39'07"  <0.01 <0.03 0.03 <0.02 7.50
LLILS Gunsight Windmill ‘ - : B -
no. 1 31°25'03"  105°30'20" . <0.01. <0.03 0.12 2.15 3.32
LL116 Owens Well 31°2231"  105°45'50" -  <0.01 <0.03 0.07 ~ 0.20 2.87
LL126 Low Level well ~ 31°24'14" 105°4332"  <0.05 <0.03 0.10 0.13 8.30
~ Springs:
31928 11" <0.01 <0.03 0.13 1.63

0.19

0.02

1.34

0.90

3.10

4.30
4.30

5.57

-7.5

-10.7
-8.0
-8.3

-7.5

<0.5

<0.5
11.4
26.5
11.8
11.3
<0.5
<0.5
18.3

82H  Tritium

-59

-48

-71

-74

-51
-50
-58
-54
-83
-62
-61

-58

<0.8
<0.38
27.2
21.8
<0.8
11.8

3.74

20.67

0.5
1.52

- 3.0

<0.8

'10.9

TDS

4422
1388
1517
3604
1154

862
1241
801
1649
1369
1850

1718

1.0
3.8

16.9
4.7
7.2

5.8

5.2

--0.5

7.0
4.1

-1.8

Temp.
24.5
122.5

19
21
14
20
11

14
17

-16.8

-9.6

-12.0

-10.1
-8.0

9.4

-11.3

-7.9

7.8 .

-18.1

§34s. §13c pmc? l4cC Age3

16.6 14,748
61 " Modern
116 Modern
21.8 8,288
43 833
36 3,529
60 . 868
9.6 13,071
. 8.9 . 13,520

3.3 . 27,400
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Appendix 6. (cont.)

B. Chemical c.omp_osition (mg/L) of ground water from selected wells (Texas Water Development Board [TWDB], 1985). -

BEG TWDB
D D
LL170 48-07-101
LLI71 48-07-102
LL172 48-07-206
LL173 - 48-07-207
LL174 48-07-210
LL176 48-07-304
LL177 48-07-405
LL178 48-07-414
LL180 48-07-501
LL1S3 48-07-606
LL184 48-07-607
LL185 48-07-706
LL187 48-07-801
LL18S 48-07-803
LL189 48-07-901-
LL190 48-07-904
LL192 48-06-201
LL193 48-06-601
LLI9% 48-15-203
LL195 48-15-301
LL202 47-09-803
LL203 47-09-805

Ca2+

324
598

“ 459

364
326
332
435
324
358
368
350
264

538

500
215
522
560
520
266
280
222
171

MgZ-}

139
164
225
136
158
124

219

134
264
220
137

82

306

199
87
248
166
178
77
81
99
70

Nat

K+ HCO, SOy 2- Cl-

168 - - 193 1,300 145
250 - 214 2,142 267
640 - 172 . 2,230 594
19 - 227 1,220 156
267 - 240 1,180 405
175 - 248 860 . - 408
471 - 195 1,630 800
431 - 260 1,120 750
510 . 138 1,670 890
338 - 259 1,230 670
121 - 238 910 415
392 1.2 294 703 667
952 - 231 2,117 1,512
820 - C 123 2,110 1,120
160 . 95 700 320
773 - 255 1,646 1,400
40 - 229 1,910 20
58 - 201 1,900 27
378 1.1 293, 631 615
326 - 203 720 550
156 - 279 660 256
82 - - 283 439 126

2.6
1.4
1.6

2.7

2.7
1.1
1.6

NO3
31.0
8.7
286.0
4.1
51.0
7.0
110.0
29.5
39.0
42.0
3.5
4.87
44.20
42.0
3.50
22.60
0.40
0.40
5.01
7.00
3.50
0.10

TDS

2,220
3,555
4,563
2,140
2,520
2,045
3,779
2,983
3,817
3,011
2,070
2,276
5,603
4,869
1,548
4,757

2,831

2,804
2,184
2,125
1,549
1,044

1) 8180 and §2H are defined relative to SMOW. &34S is giveh as deviation from the Canyon Diablo Meteorite standard.
8 13C is defined relative to Pee Dee Belemnite ‘carbonate.

2) PMC is percent of modern carbon. )
3) lac age was corrected by using 8§ 13C values (Kreitler and others, 1986b), except for sample LL126.



Appendix 7. Lithologic and structural descriptions of test holes.

- Two boreholes drilled as part of this study were continuously cored ?from'the
top of bedrock to a total depth of 150 ft (46 m). Lithologic log‘s;for both

" boreholes are presented below.
HU1A (fig. A7-1)

Bedrock was encountered in HUlA BEG #1 at a depth of 8 ft (2 4 m)
Alluvial cover from 0 to 5 ft (0 to 1.5 m) consisted of tan to brown, sand to snlty
sand. with minor occurrences of caliche. From 5 ft (1.5 m) to 8 ft '(2;4 ,m)‘the
alluvium became incyreasin‘gly coarser wit‘h‘gravels. of p‘r‘edovmivnantlyf rhyolite
compbgition._ The'dark-réd rhyolite. porphyry has pink fc—i:ldspar and cléar gléssy
quartz phenocrysts that range in size from O.l»,tb 0.4 inches (0.2 to 1.0 cm).
Chlorite is a common alteration‘product. Limonite and hema}titgstains'alsq occur. on
fracture surfaces in the core. Fifty 'percent'of the‘ rhyolite porphyry »fc'o.re from
site HU1A is fractured. ‘Litho'logic descriptions, fractured intervals; énfd fracture

orientations are presented below.
HU1B (fig. A7-2)

Bedrock was encountered in HUIB-BEG#‘l at a d;epth of 18 ft (5.4 m).
Alluvial,cover at this site consisted of tan to brown sand with ébundént' caliche
nodules from 0 to 8 ft (0 to 2.4 m): tan to yellow clay With ‘v‘ariable ajhounts of
brown sandstone gravels and minor inclusions Qf interbedded siltS and san‘i'ds from 8
to 18 ftr(2:4 fo 54 m). Cretaceous bedrock encountered at 18 ft (5.4 m) consisted

of a limestone breccia to 20.3 ft (6.2 m). Cretaceous Cox sandstone consists at
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Figure A7-1. Lithologic log for the
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" Figure A7-2. Lithologic log for the limestone core from HU1B site.
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this location of a predominantly gray crossbedded sandstone in‘terbeaded with‘thin‘-
purple layers of quartz grains, and was recorded from 20.3 ft (6.2 m) to‘30.8 vft
(9.3 m). This interval recorded variable amounts of fracturing. Oxidation of iron
minerals in this interval was prevalent. | _ |

From 30.8 ft (9.2 r‘n)’to total depth at 150 ft (45.7 m) the stratigraphic interval
wés_‘Cretaceous Campagrande limestones. Thls interval is. dominafed by nodular
~ limestones in the upper section, becoming more-»_conglqmerat'ic in "the lower sectiq,nt.:s—.:5-%»..»

Logging descriptions used are based on the system of Bebout and Loucks (1984). =
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Appendix 8. Climate and vegetation controls on surface recharge.

'Differevnces in annual rates of precipitation evaporation temperature and
dominant plant ecosystems between sites HUlA and HU1B on the Drablo Plateau
and the Fort Hancock site in the Hueco Bolson may influence the potentlal for
v.surface recharge. ~ Distinct d'ifferences,between the two areas in climate. su_rface and
near-surface lithologies, and‘vegetation have been reviewed to determine how they
may affect .surface recharge. Furtherbstqdy is required to quantify actual levels of:

evapotranspiration at both areas before final conclusions are drawn.
Trans-Pecos Climate

Regional climatic data for Hudspeth and El Paso Counties have been’ previously
discussed ('Kreitler_ and others, 1986a). The region has a subtropical arijd_ climate
(Larkin and ‘Bomar, 1983) characterized ‘by‘ (1) high mean temperatures and marked
ﬂuctuatrons over broad drurnal ‘and annual ranges and (2) Iow mean precrpltatron
with wrdely separated annual extremes (Orton. 1964). Rainfall in this 'climate is
inadequate to support vegetation other than desert and semi-desert types.

Precrprtatlon and temperature (mlnrmum and maxlmum) data were selected for -
' fve monitoring stations in the area (fg A8—1 table A8- 1) (National Weather Service,
- 1986a, b, c). Three _of these are Iocated wrthm the Hueco Bolson at the El 'Pasvo
‘Airport. in Fabensr and in Fort Hancock. Two stations on the Diablo FPIateau were
also monitored. They are at Sierr_auBIanca. south of the st‘udy'yarea, and at-
Cornudas, northwest o_f'. the study area. Only the El Paso Airport st;ation had
complete records for extended lengths of time._"‘ Data from vthe other fodr stations‘y -

are incomplete.
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%3 Cornudas
Elev. 4304
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El Paso
Hudspeth
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Figure A8-1. Weather stations location map. Three stations (El Paso, Fabens, and
Fort Hancock) are in the Hueco Bolson area, whereas two stations (Sierra Blanca and
Cornudas) are in the Diablo Plateau. |
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Table A8-1. Climatic data for Hueco Bolson and Diablo Plateau in the study area.

_ Annual Average Summer ‘AVerage (June - Sept.)
Monitor o : - Minimum ‘Maximum o Minimum’ Maximum
- Station Latitude/  Rainfall Temperature Temperature Rainfall Temperature Temperature
(Elevation in ft) Longitude  (inches) - CF) °F) ~ (inches) °F) - (°F)
Corn@das v 31°47'00" - 10.2 42,5 77.7 6.24 - . 59.1 91.9
Service Station 105°28'00" . '
(4304)
ElPaso WSO AP 31°%800" = 9.53 49.0 77.9 5.56 65.5 94.0
(3927) ~106°24'00" | | | o |
Fabens 31°3000"  9.65 - 45.2 77.8 6.96 62.5 91.6
(3625) - 106°09'00" S -
Fort Hancock 31°17'00" 10.27 » 2 ' 79.8 6.48 61.9 95.0
(3596) ©105°51'00" o - S '
Sierra Blanca ~ 31°11'00" . 13.45 43.9 77.3 0 9.28 59,7 o 90.2

(4520) 105°21'00"



National Weather Service (NWS) records weré used to describe the climate of
the study area. Monthly totals for precipitation and monthly averages for minimum
and maximum temperatures were recorded at the above-mentioned five stations. }No
year with incomplete data’ was used: data from some stations krepresent different
yea‘rs. Ten complete years of data were assembled for each station except Fortr
Hancock, which had'only 7 years of precipitation data. Mean annual, monthly, and
summer (June to September) values fdr precipitation and temperatures were
‘calculated along with their standard deviation. The results are presented in table

A8-1.

Most annual precipitation occurs as afternoon thundershowers from June:tos -

Sept»emberA.v These thundershowers are the result of moistr air from the Gulfsof -
Mexiﬁo moving northwest into the Trans-Pecos area during the hurricane season. AL
the Cornudas service station, anhual precipitation has averaged 10.2 inches (25.9 cm)
and average summer precipitation is 6.24 inches (15.8 cm) or 61% of the ‘annual
total over 33% of the time. Similar values were observed at the other stations.

Changes in elevation have a direct effect on both-temperature and précipitation
patterns. The differenCe in elevation between Cornudas and Fort Hancock is
apprbximately‘ 708 ft (215 m)'. and the differencé in average temperatures is 2.1°F for
maxima and. 1.6°F for miniha. Aveia‘ge precipitation totals for both Cornudas and
Fort Hancock are 10.2 inches (25.9 cm) and do not reflect the-difference in
elevations. Sierra Blanca, however, records a greater average annual precipitation of
13.45 inches (34.1 cm).

The degree to which ah increase in temperature within the Hueco Bolson affects
potential evapbration', and thus evapotranspiration changes between the bolson and
plateau are unknown. Quantitative data on potential évapo,rati‘on in the area are
from two stations in Ysleta, both of which are in the bolson east of El Paso. The

adjusted ‘arinu'al ‘mean evéporation for these stations ranges from 93.1 inches (2.4 m)'

in 1944 to 116.4 inches (3 m) in 1956 (Dougherty, 1975). Scalapino (1950)
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reported that the annual potential evaporation in the Dell City area is nine times
greater than the annual precipitation. If the only variables -in the two.sysfems were
precipitation and temperature, the poténtial for evapotranspiration in the bolson would
be greater, and, thus, the potential for surface recharge to the water table would be

more probable on the Diablo Plateau.
Fort Hancock Area - Hueco Bolson Plant Ecosystems

Common plant ecosystems in the Hueco Bolson north of Fort Hancock are
representative of desert shrublands (taxonomic identification assisted by Kenneth
Moore, personal communication, 1986: Correll and Johnston, 1970). Most of the
annua-l vegetative production is from woody plants with running mesquite (Prosdpis
sp.) dominant in areas of rolling sandy loams and the creosote bush (Larrea
tridentata) more dominant in gravelly areas. A.nnual plant productio-n from
herbaceous plants is low, averaging 500 pounds per acre (ppa). Comrhonly. bare
land surface exists between woody plants, a contro"ing fa;:tor iﬁ the low plént
production. Annual gra_éses may also constitute a large part of the plant production.

Other woody plants common in the area are javélina bQSh (Condalia ericoides),
vyucca (Yucca sp.). and cactus (Cactaceae family). Minor populaiions of four-wing
salt bush (Atriplex canescens) and broomweed or snakeweed (Xantho'cephalum‘ sp.)
are also present. Perennial grasses in the area include bush muhly (Muhlenbergia
porteri), dropseed (Sporobolus sp.). fluffgrass (Erioneuron pulchellum). and burro grass

(Scleropogon brevifolius).
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HU1A - HU1B Diablo Plateau-Plant Ecosystems

The area on the Diablo Plateau in the vicinity of HU1A and HU1B is a desert
grassland. Numerous annual and perennial grasses may be found in the area but
only sparse occurrences of woody vegetation. Annual plant production from desert

grasslands may be'considerably higher than has been repdrted for desert shr_ublands.

ranging from 1,000 to 5.000 ppa. Dominant annual grasses of the area include blue: i e

grama (Bouteloua gracilis). black grama (Bouieloua eriopoda), tobosa grass (Hilaria oy

mutica), plains bristlegrass (Setaria macrostachya, S. texana, and S. leucopila i ..

collectively). and side-oats grama (Bouteloua curtipendula).

Perennial grasses may 'also represent a large segment of the desert grassland
‘ecosystem. Several of these species are Muh_lenbergia, Sporobolus, along with viné-
_mesquite (Panfcum obtusum), burro grass (Scleropogon brevifolius). and fluffgréss
(Erioneuron pulchellum). In local areas that receive additional water from runoff,
such as in draws, Cane bluestem (Andfopogon sp.) and Sacaton grass (Spérobolus
sp.) may also be dominant part of the ecosystem, o |

Woody vegetation is rare in the desert bgrassland, éx(:ept where the soil is sandy
or gravelly. Woody vegetation that oc‘césié‘nally dominates the drawsV includes vine
ephedra (Ephedia pedunculata), several SpeCies of the cactus f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>