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AnJIFER SVALUATION FOR UIC ' ‘ DICem3zA 21, 1

INTRODUCTION

s

The Federal Underground Injection Control (UIC) pragram recuires orotec

i\
'y

zion of existing and potential underground sources of drinking was As gart
of trne implementation of the UIC program, the U.S. Environmentzl Protection
Zgency (EPA) has set forth procedures for determining which uncerground waters
require protection. Figure ! summarizes the procedures, as they are inferred
from the Federal Register (see 40 CFR Part  122.3 ang <2 CFR lu46.71). wWe term

-
’

Figure 1 'the Aquifer Evaluation Process'.

Application of Figure 1 results in the classification of a rock unit as a

orotected aguifer if it is a present source of drimking water. It is also a

arotected aquifer unless it is explicitly classified into one oF three other
castegories for which UIC protection 1is not required: salt-water aquifer,

_non-aquifer or exempted aquifer. Salt-water acuifers sre rock units wnich

contain water having a total dissolved solids content (TDS) in excess of

10,000 mg/l. Non-aguifers are rock units which are not able to vyield

significant amounts of water to a well or soring. Exemsted acuifers are rock

units which are not a source of drinking water for reason of economics,
technology, gross contamination, or relationship to subsidence or collapse

Z0nes.

EPA guidance regarding the aquifef evaluation process indicates that it
should be relatively thorough and detailed (Cround-Water Program Guidance No.

4.2). The agency specifically suggests the use of techniques such as: maps
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:< cross-sections showing TOS isocons; m22s snowing zesta to cz32 of fresn
~zzer; maps of aguifer thickness, elevation, and s3turzted t-iz<n2ss; maps of

~2%2r levels in different aquifers at different gdates; anc meny Zinzrs.

In 1979 the New Mexico O0il Conservation Oivision kOCU) perfcrmed 3 praoto-
type study to develop and assess procedures for the evaluation of aguifers.
The study involved geohydrological maoping in a lithologically comolex laa
sguare-mile area near Artesia, Zddy County, New Mexico. Procedguras used and
maps produced followed EPA guidance. The results indicate that rock units can
pe mapoed and evaluated as reguired by tne UIC program. However, studies of
the scope suggested by the EPA guidance were estimated to cost at least $10
Jer souare mile, which would impose a considerable cost on the statewide

implementation of the UIC program.

Interestingly, the in-depth analysis undertaken in the Artesia area pro-
duced the same protection of drinking water as had long been enforced by the
State OCD. The results of aquifer classification from the Stats program. and

the in-depth (UIC) analysis can be compared as follows.

State Program UIC Program
Basis: General geohydrologic knowl- Oetailed geohydrological study
edge of area
Result: Aquifers protected to base of Same as State program except
existing drinking water that some of the deeper units
aquifer; deeper units classed contain fresh water in iso-
as salt-water aquifers . lated low porosity zones and
are better classified as non-
aquifers
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in Artesia, the major benefit of a detailec geonvdrologic study was to snow
-~at some rock units dezemed by the State to-be salt-water aquifers are in fact
~9n-aquifers which contain fresh water. The rules for injection control zare
n2t changed by such a distinction, and consequently State rszulations are
correct in allowing injection below the base of the deepest existing under-

cround source of drinking water.

On the basis of tnis initial orototyoe study, it was hypothesized that an
in-gepth analysis may not be required to ensure the accurate evaluation of
aquifers. Rather, evaluations might be performeg satisfactorily st a recon-
naissance level, using procedures similar to those alrgady apnlied by the
State. Such an approach would reduce costs of implementing the UIC orogram,
without endangering water supplies. In 1980 OCD performed & sscond study
aimed at testing this hypothesis. The area chosen for study (Figure 2) was~-
Lea County, which is the leading o0il producing county in New Mexico and an

area where there is considerable injection for both secondary recovery and

nrine disposal. -

INITIAL CLASSIFICATION

The initial classification of aguifers in Lea County was based on studies
of regional geohydrology published in readily available reports and supple-
mented by a review of the existing State regulatory program. References re-

viewed include: Garza and Wesselman (1959), Ash (196la; 1961b), Nicholson
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N
3nd Clebsch (1961), Ash (1962), U.S. Bureau of Reclamation (1372}, west and
Zrzadhurst (197S). Appendix 1 summarizes the water-bearing characteristics of

“+e major geologic units in the area; Figure 3 is a stratigraohic column which

identifies Formation names.

The conclusion reached from the literature is that most drinking water in
Lea Coﬁnty is obtained from shallow rock units (dominantly the Tertiary 0Ogal-
isla Formation), and that there is no significant amount of fresn water in
rocks older than Triassic. This concept is the basis for State regulations
which have permited cil-field brines to be injected into rocks of Permian age
or older.?’ Figure 4 is a map showing the bése of the Triassic (also the
top of the Permian Rustler Formation). Injection below this elevation is
allowed by State regulations, a policy which is supported by the mest reacdily

available reoorts.

IN-DEPTH STUDY

A detailed aguifer evaluation study was performed in an area in the

southern portion of the County (Figure 5) to determine if the reconnaissance

study provided an accurate evaluation of geohydrologic conditions. The methods

et

' " a. A possible exception is that fresh water may occur in the reef limestones

o

of the Permian Capitan Formation. Injection into the Capitanm has never been
oroposed and thg:efore the State's regulatory position toward this aquifer has
not been established.

o

4=
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used were those dévelooed in the Artesia study: review of tecnnizal reports
372 unpublished data in the files of various agencies; analysis of well logs;

z~d analysis of borehole geophysics data.

8 pibliographic form (Figure 6) was completed for dozens of published and
unoublished references on the geoleogy and hydrology of the area and those

ceferences which appeared to have the best information were reviewed in

catail. Also reviewed were existing water-quality records for wells which

cstain water from Paleozoic rocks. The result was a reasonably comprehensive

understanding of the geahydrology of a representative portion of Lea County,
&8s shown by: geologic maps and secticns; water-table maps; and maps and
sections showing water quality. This level of detail is commensurzte with
that suggested in the EPA guidance opreviously cited. Easéd on the

bibliographic forms, the references were categorized as follows.

1. Reports or articles which discuss water resources at a regional
level. These are the same references reviewed during the initial study, ang

were cited previously.

2. References which discuss the known aquifers of Triassic age or younger:

(especially the Ogalléla Formation), or which discuss the water supplies of
the area in a general way. Such aquifers would be protected by UIC without
question, and thus while these references could be of value in review of site-
specific. UIC permits, they are of no value in the overall aquifer evaluation

process. Examples of such references include: Nye (1930), Theis (1937),

.t
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lzrgver and Akfﬁ (1342), WUSDE (1%63), 3urnes, et al., (1%4%), ¥Yzmes and

Calloway (1954), Minton (1956), Oinmwidcie (1343), Chen ang Long (15£3), Long
11945), -Havens (1966), Cronin (1349), Theis (1969), Hudson (1571), Mourant
(1971), Tneis (1971), Z2rown énd Sigror (1972), Srown and 3izacr (1973),
Suchnan (1973), Galloway (1975), Brutsaert, et al. (1575), N.¥. Interstate
- Stream Commission and N.M. State Engineer Office (1975), Sorznsen (1977),

3rown, et al. (1978), Akin and Jones (1979).

3. Articles which provide information on the histofy of orine contam-
ination incidents. All such incidents involved contamination of tne Ogallala
Formation, with brine ponds being the principal source of the problem. These
references were useful as background information for the UIC prozram, but do
not bear directly on the evaluation of agquifers. The references include:
Rice (1958), Porter (1971), Bigbee and Taylor (1972), Sigbee (1572), Wright

(1973),

4. References which provide important information on Permian aquifers.
These include regional studies which focus on the oil-related brine aquifers
of the Permian Basin: Nicholson (1954), Borton (1960-67), Hood (1962), McNeal
(1965), Hiss (1969), Chavez (1968-1979), Hiss (1973), George (1574), Hiss
(1975a; 1975b, 1975¢), Lambert (1578), Hiss (1980). Also included are very
localized studies of the geohydrology of an area in thch the anmalysis of
aquifers is carried well into the Paleozoic: Borton (1958), Galloway (1959),

west (1961), Cooper (1962), Mercer (1977). As noted below, these references
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indizate that some fresh water (TDS less than 10,000 ma/l) does occur in a few

¢cf the Permian rock units.

5. References which provide information on geologic conditions oelow the
base of the Triassic, which do not provide information relatad to the geo-
hydrochemistry of fresh waters and thus are not directiy relevent to the
evaluation process. Soecific citations include: Adams (1944), Stipp et al,
{1956), Stiop and Haigler (1957), Hull (1960), Sweeney, et al. (1960),
Srackbill and GCainmes (1964), Runyan (1965), Meyer (1966), Kinney and Schutz

(1967), Jones, et al. (1973), Hiss (1976).

Water wells do not penetrate the Permian in Lea County, and well logs are
not available. 0Oil-well logs gemerally contain limited information of value
for an evaluation of fresh-water occurrences. However, oil-well geconysical--
logs are a valuable resource and can be studied to verify water quality on the
basis of resistivity measurements. Resistivity estimates confirm the presence
of water with less than 10,000 mg/l TDS in much of LeaVC0unty. Moreover, the
good water often occurs in association with zones of good porosity in the
Artesia Group and San Andres Formation. Thus, this fresh water is capable of
being produced by wells. .The units are neither non-aguifers ner salt-water
aquifers. They must be classified as protected aquifers unless there is some

basis for exemption.

The literature information, as modified by the geophysical data, allow

preparation of aquifer maps and cross-sections of the type prepared for the

-7-
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Zrtesia area. As the rough draft maps and sections develoged =y tnis stucy
are similar in format and content to those in the previous report, they have
not been developed for formal presentation and are not presented in this

report excent for Figures 7 and 8, presented subsequently.

The important conclusion reached from the literature study is that there
is some fresh-water in rocks of Paleozoic age, and 3 need t3 pursue the
T

souifer evaluation process with regard to these rock units. ~is is the same

conclusion reached in Artesia, where the additional study showed the

fresh-water occurs in non-aquifers.

REVISED CLASSIFICATION

Based on the detailed literature éearch, analysis of logs, anc interpreta-J
tion of geology in the study area, it is apparent that the detailsd evaluation
of aquifers in Lea County pursuant to UIC guidance does procuce resulté which
differ from the existing State reqgulatory program which 1is based on less

cetailed information. The differences can be summarized as follows.

State Proaram UIC Proaram

Basis: General geohydrologic knowl- Detailed geohydrological stugdy
edge of area

Result: Aquifers protected to base of Some Paleozoic units contain
Triassic; deeper units classed fresh water in various loca-
as salt-water aguifers with tions and must be consicdersd
the possible exception of the as aquifers into wnich injec-
Capitan Formation R tion is prohibited unless

there is a basis for exemoting
the aquifers from protection
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a-ile tne State brogram is generally excsllent in its orotection =¥ wzier, any

- -

2si3ting regulations should not be necessarily consicered as == slete with

rzz20 to such orotection.

-

DELINEATION COF FRZISH WATER

Geologic controls of the distribution of fresh water were stucied to
sravide a basis for drawing the boundary within which UIC protscticn may oe
required. The results are illustrated in Figures 7 - 9. Most of the
available information is taken from Hiss (1975c, 1980). The discussicn which

fsllows is technical and assumes familiarity with the classic geciogy of the

reef facies of the Permian Basin.

Hiss (1975c) describes strata of Permian Guacalupian age wnich contain

three separate aquifers - shelf, basin, and the Capitan reef (Figure 7). The

Pt~

&

Capitan occurs at depth within an ancient shelf-margin reef zone which
surrounds the Delaware Basin in New Mexico and Texas. Most of the Capitan
aguifer has permeabilities several magnitudes higher than tnose found in

adjacent shelf facies and overlying Ochoan age lithologies.

A major paleogeographic feature of the area is known as the Hobbs Chan-
nel (Figure 8). This channel was a bathymetric low in the Permian and
connected the Delaware and Midland Basins on the northern end of the Central

Basin Platform. Shelf-interior skeletal sands prograded through the channel
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nit= commonication of water between the basins. Interfingered with the sands
zre subtical muds wnich nave proved more susceptidle to subsequent dolomitiza-

tinn.  These shelf-margin facies correspond to the Artesia Group and San

Fresh water has been supplied to the Capitan aquifer from recharge areas
in the Guadalupe Mountains within E£ddy County, New Mexico and the Glass
¥Mauntains in Pecos County, Texas (Figure 9). Movement of fresh water
northward from the Glass Mountains caused leaching of soluble mimerals from
the Capitan and from overlying rocks, increasing the permeability and
hydraulic conductivity of the aquifer while also increasing the salinity of
the formation fluids. A recharge area also occurs in the Guadaluoe Mountairs
to the west, but little of the fresh water from that area reached Lez County
due to the existence of intervening zones of decreased oermeability caused by
the opresence of ancient submarine canyons which incised the reef and which
were filled with less permeable silts and clays. Incision of the Pecos River

in the Pleistocene (?) cut off even this small amount of recnarge (Figure

%b).

When the Capitan fresh water encounters permeability barriers in the
vicinity of the Lea/Eddy County line, the water then moves northward into the
limestone sand facies of the Hobbs Channel. fresh water entering these facies
during the Cenozoic selectively dissolved the more soluble carbonates of the
skeletal sands, creating excellent permeability yet a complex path of water

flow. In contrast, the dolomitized muds retain a low permeability and seldom

-10-
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[

~=-*zin fresn water. At any one elevation, permeable and imcerw23I.z rocks

tmers simply

~

302 2omolexly related accorcing to tidal flat drainage pattarns:

it 0 sinfle widespread unit whicn can be descrited as an aguifer,

In summary, recharge from the Glass Mountains has moves noci-ward along
selectively dissolved flow paths in the Capitan Reef and Hobbs Channel. The
Tesylt is the irregular occurrence of fresh waﬁer in the Capitan reef Iin
soutnern Lea County and in the San Andres Formation and Artesiz Srouo in an
zrcuate shaped zome which is generally along or to the east cf tne'Capitan
Seef trend (Figure 8). Hiss (1975c) provides tabular listings of water-
quality data for wells in Lea County, located to the nearsst secticn. This
.isting identifies approximately 175 wells which produce or tas frash water

from Paleozoic strata (where fresh water is defined as a TDS of less than

10,000 mg/18/).

Today the San Andres Formation within Lea County is also a orolific oil
oroducer and supports many enhanced recovery projects and sslt water disposal
wells. The Capitan aquifer is a major suppoly of water for oil field water-
flood projects. With the exploitation of fluid reserves within these two
aquifers, Hiss suggests that the effects of recharge are dlmlﬂlshlﬁg, reducing

the hydraulic load and isolating fresher waters already in place (Figure 9c).

a. Where only chloride data are available a graphical relationship between
T0S and chloride can be used to estimate TDS. According to Hiss, on the

average a chloride of 5400 mg/l is equivalent to 10,000 mg/l TDS.

-11-
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The initial irregular movement of fresn water, and its sucsaguent iscla-
ticn, ma<e it difficult to define a bounczry for a crotected aauifer.  One may
encounter 0il and water at the same dent~ within close lateral oroximity. A
ciot of the 155 wells with fresh water snows that some qccur in total isola-
tion from the main trends described anove. For example, a few oil wells in
acrthern Lea County produce fresh water; almost all are in rccks older than
the San Andres Formation and Artesia Grouo (e.g. Abo Formation). Nothing in
tne literature or log data accounts for this fresh water, althouzn conceivably
it has migrated northward from the Hobbs Channel. For surooses of UIC, these

occurrences are so isolated that there is no basis for concluding that a

fresh-water aquifer exists.

A fresh-water aquifer does exist in the Capitan Formation and associated
San Andres Formation and Artesia Group. Most of the fresh water is produced
from wells which occur in clusters within the trend of the Cagitan Reef and
Hobbs Channel. However, within such clusters there are almost always wells
producing saline water from the same depth. Neither data nor geclogic

theories allow the delineation of a boundary for fresh water,

=

NEED TO CONSIDER EXEMPTIONS

The Capitan Formation, San Andres Fo;mation and Artesia Group aquifers of
Lea County contain localized fresh water and therefore are subject to UIC

protection. The Artesia Group and, especially, the San Andres Formation are

-]12-
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<522 for brine disposal and waterflozd in t-e siucy area. Taole | iists major

-wzter disposal wells in the ares w-icn inject orimes in ths Zeneral area

v

w
(11
Pe

~f ceep .fresh water. Pernads one-°iftn <o one-guarter of all z-ine cisposal
in southeastern New Mexico occurs into zones wnizh 3re2 potentizlly crotected
aguifers. If injection to these aguifers is disallowed, than z.. ne wells
listed in Table 1 would be out of compliance with UIC reculstions. The

alternative to injection in the San Andres (4,000 - £,C00 feet c222) would 2e
tc use Devonian strata, at depths of up to 10,330 fest. A gnanzz in injection
oractices will be expensive and should not be ungertaxen witnout further

analysis.

The State has one obvious alternative to protect*nc the desed acquifers of

RS iy

Lea County and ohq51na out lnjectlon ¢nto those unlts. Th‘s option is to

apply UIC provisions for exemptions.

EVALUATION OF EXEMPTION CRITER

Steps 5;8 of Figure 1 indicate the orocedure for determining whether the
deep aquifers of Lea County may be exempt from UIC regulations. Although EPA
personnel were able to provide assistance in application of the regulations,
the Agency has developed no formal quidance to assist in the interpretation of
the exemption criteria. Therefore, in this study a significant effort was
made to develop basic concepts which might apply to the exemption procedures.
The conclusions presented are preliminary and may be revised when EPA criteria
are established.

=13=
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27.TFER EVALUATION FOR UIC

Sten 5 ofyFigure 1 shows thzt injection may be allowed in a fresn-water
ac.ifer which is ‘'unusable as a source of drinking water because it is min-
erzl, nhydrocarbon or geothermal energy producing'. As stateg this criteria
envigsions the‘disruotion of a drinking water resource Dy the prooguction of
othar resources. In Lea County such disruption could occur only in the
immediate proximity of an o0il pool, where fresn water is drawn into the pool
anc co-produced with the hydrocarbons. Protection of such fresn water would

rave no benefit so long as the hydrocaroon production continues.

EPA probably intended Step 5 to apply to waterflood projects; if not then
UIC would eliminate all brine waterfloods in fresh-water areas. Since the
regulations contain many provisions intended to minimize adverse impacts on
the o0il industry, it seems improbable that there was intent to adversely

affect secondary-recovery o0il production in this country.

In effect, Step 5 seems to allow exemption of any portion of a fresh-water
aquifer which occurs in hydrologic commection with an adjoining hydrocarbon
reservoir, provided that there is a direct relationship between hydrocarbon
production and conditions in the aguifer. Such an exemotion would apply in
much of Lea County. However, there remain a number of brine-disposal wells
which inject into the San Andres Formation in areas relatively removed from
the oil pools of that aquifer (see Table 1). The exemption of hydrocarbon
producing areas would not in itself fully resolve the apparent conflict

between UIC regulations and the current activities of the oil industry in Lea

County.

-l4-
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Step 6 of Figure 1 shows that injection may be allowed in 2z fresh-water
azuifer which is 'unusable as a source of drinking water because it is sit-
uvated at a depth or location which makes recovery of water for 2-inking-water
ourposes economically or techmologically impractical'. It is cifficult to
understand what is meant by 'technologically impractical'. B8y UIC definition,
a fresh-water aquifer is capable of yielding significant quantities of water
to a well. Therefore there should be no technological osarrier to its produc-
tion. Also the water would be of sufficiently good aquality tnz: treatment is
certain to be feasible. It seems prudent to ignore this provision of the

regulations, since evidently there are no circumstances to wnich it mignht

apply.

The criteria of 'economic impracticality' sugcests that exemotion mignt oe
allowed if it made no economic sense to ever use a given zguifer as a drink=-

ing water resource. At least two situations could make it economically im-

practical to utilize a particular deep aquifer.

1. Economics could justify exemption if the costs of fresh water from the
aquifer were not competitive with costs of alternative water supplies
available to an area. For example, in regions with abundant sources of
cheap drinking water there would be no reason to prohibit injection into a
relatively deep aquifer containing water of marginal ouality. In
contrast, where drinking water is scarce, a deep aquifer containing
slightly saline water might well be a potentially economic water supply

deserving of UIC protection.

~15u
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2. Economics could justify exemption if the value of the acuifer for
brine disposal were greater than its potential value as a drinking-water
source. This means that the water-supply analysis described atove needs
to go beyond direct costs and benefits. In the specific case of a deep
aquifer it means that costs of using the aguifer for crinking water should

take into account the costs of abandoning the aquifer as an injection

zone.

For this study a preliminmary analysis was made to see if the deep fresh-
water aquifers of Lea County are an economically oractical source of drinking
water. The analysis is summarized in Table 2. The San Andres Formation
contains the largest and freshest of the potential drinking-water resources in
the Hobbs Chanmnel; the City of Hobbs is the principal area where drinking
water is needed. Therefore, the analysis assumed that the fresh water in the
San Andres Formation was a potential source of drinking water for the largest
city in the area, Hobbs. The need for water in Hobbs was estimated for a
100-year period, and alternatives were identified for meeting tnat need. The
costs of each option were estimated roughly and compared to the costs of the
San Andres water. As summarized in the Table, the economic analysis shows
that Hobbs can obtain 1.5 million acre-feet of Ogallala water at $75 per acre-
foot, much less expensive than the $900+ per acre-foot cost of San Andres
water. If Ogallala water were not available, then the San Andres water might
be a realistic source of supply for Hobbs, since its cost is of the same order

of magnitude as the Eastern New Mexico Water Supply Project.

-16-
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‘v a

Tasle 2 indicates that the economics of using San Andres fresn water
zz2o~e even more negative when its value 3s an injection zone are considereg;

==377es to existing brine disposal would cost $400C per acre-foat of fresh

wzler orotected.

It seems reasonable to conclude that the San_Andres can be exempted from
UIZ protection on the grounds that it is economically imoracticzl to use this
azuifer as an underground source of drinking water instead of as a brine
cisposal zone. The same conclusion would he reached for the smaller amounts
cf fresh water in other aquifers sucn as the Artesia Group, as well as the

more distant supplies in the Capitan Formation.

It is not necessary to apply steps 7 or 8 to Lea County, since all rock
units have now been classified. HoweVer, for purposes of comoleting this
analysis it is worth noting that neither step would allow exemotion of the
ceep aquifers in Lea County. Step 7 provides exemptions for contaminated
water supplies. As with step 6, it is difficult to envision anmy situation in
which it would be technologically impractical to render water fit for human
consumption. It is possible to imagine supplies which.are so contaminated as
to be economically unusable. However, it is not clear why injection would be
allowed into such contaminated zones, since injection would cause the area of

contamination to expand into portions of the aquifer which are not now contam-

inated.

-17-
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Step 8 provides exemptions to aguifers associated with activities such as

in-situ mining; such activities are absent from Lea County.

FINAL CLASSIFICATICN

The study area contains the most likely part of Lea County for protection
of Paleozoic agquifers. Thus the results should be applicable elsewhere in the
County. The analysis of aquifers in Lea County produced results which differ

from the existing State regulatory program. The differences can be summarized

as follows.

State Program UIC Program

Basis: General geohydrologic knowl- Detailed geohydrclogical study
edge of area

Result: Aqu@fer§ protected to base of Some Paleozoic units contain
Triassic; deeper units classed fresh water in various loc-
as salt-yater aquifers with ations; they are exempted from
the.p0551ble exception of the protection on the basis of
Capitan Formation economic considerations

For practical purposes, then, the approach of the State program 1is in

compliance with the requirements of UIC.

«18-
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SUMMARY QF IN-DTPTH STIDY

4 general literature search indicatees that the base of fresh w~ater in Lea
Zourty occurs at the base of the Triassic. However, more detaileg evaluations
supplemented by analysis of geophysical logs demonstrate tnat the Permian
Canitan Formation, San Andres Formation and Artesia Croup contzin extensive
amounts of water having 5,000-10,000 mg/l total dissolved soliZs. This water
is: intermixed with more saline fluids; occurs orincipally in tne paleo-
georaphic features known as the Capitan Reef and Hoobs Chanmnel; anc is fossil

(that is, there is no recharge at present).

A review of UIC criteriz for aquifer exemption indicates that the Permian

guifers of Lea County should be exempt from protection; existing injection

activities need not be curtailed. The criteria ingicate that waterflood wells .«

are allowable because of their importance to hydrocarben production. This
conclusion would apply anywhere in New Mexico. Brine disposal wells are
allowable because the economics of such disposal more than compensate for the
economic value of the fresh water. This conclusion is limited t0 Lea County,
wnere there 1s abundant low-cost fresh water available from the Ogallala
Formation, such that the Permian water is clearly not a cost-effective source:-

of drinking water in the area.

e
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APPENDIX 1. SUMMARY QOF GEOHYDROLOCY OF LEA COUNTY.

From the literature search a numoer of basic findings were resched regard-
ing the gechydrology of the area. These are shown in the list of Formations

and water-bearing characteristics at the end of the Appendix.

General Geology. The principal source of water in Lea County is the

Tertiary Ogallala Formation, a fine-grained, poorly consolidated, calcareous
sand which crops out at or near the surface of all but the western edge of the
county. In_northern Lea County, where it covers most of the High Plains, the
Ogallala Formation ranges in thickness from 100-250 feet; in general, the
lower half of the unit is saturated. High Plains water wells yield up to 1700
gom. Because there are no permanent streams, all recharge in the High Plains
is.derivgd from local precipitation. Because the Ogallala dips very shallowly

to the south and east, there is some ground-water movement in these directions.

The Ogallala Formation in southern Lea County thins to the west and local-
ly is covered by Quaternmary alluvium which ranges from 0-400 feet thick. In
many localities the Ogallala is not saturated, but along stream valleys and
over the Eunice Plain, not only the Ogallala but also some of the overlying
alluvium may be saturated. Water wells completed in the Ogallala Formation of
southern Lea County yield from 30-700 gpm. Recharge in the southern part of

the county is from both local precipitation and through-flowing streams.
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The Ogallala Formation is underlain in scattered locations by Cretaceous
snales and limestones. The Cretacecus sedimentary rocks are a major source of
water only in the northern part of the county where tne Ogallala is very
thin., They yield water which is slightly more saline than that from the

Ogallala, but the water is still of good quality.

Sandstones and shales of the Triassic Dockum Group underlie the Cretaceous
sedimentary rocks. The Dockum Group underlies most cf Leé County, out water
is produced from it primarily in the southwestern and far northwestern parts
of the county where overlying sediments are thin and/or unsaturated. wells
completed in the Dockum generally yield 10-15 gpm. Oockum waters average 500
mg/l sulfate, considerably higher than the 200 mg/l average of the overlying
units. Recharge of the Dockum results from precipitation on up-dio outcrcos
of the formations along the western side of the county and from infil&ration

from overlying formations.

Most data sources on Lea County ground-water depict the base of useable
fresh water as the bottom of the Rustler Formation (Nicholson and Clebech,
1961). As discussed in the text, W.L. Hiss (1975c) presents evidence cf
ground water containing less than 10,000 mg/l TDS within aquifers at depths

greater than the Rustler, although none is now being used fcr human

consumption.
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DECEM2ZR 31, 1980

LIST OF PROBASLE 2QUIFSRS IN LEA COUNTY, Now MEXICO (SPO, 1947)

SYSTEM AND STRATIGRAPHIC UNIT

'

WATER-SCARING CHARACTERISTICS

Quaternary alluvium

Tertiary Ogallala Formation

Cretaceous Tucumcari shale

Triassic Dockum Group

Yields small quantities of usually fresh

~water

Good aquifer whére saturated thickness is
adequate. Has yielded up to 1,700 gom to
wells in Lea Co. Generally yields fresh
water.

Sand and gravel at base yields small quan-
tities of water. Generally yields fresh to
slightly saline water.

Small quantities of water pumped for stock,
domestic use; not everywhere reliable

aguifer. Lower unit might yield small

" quantities of fresh water if tested.

Permian sedimentary rocks

Older Paleozoic sedimentary rocks

Precambrian metamorphic and

igneous rocks

Permeable units predominantly contain only
highly saline water.

Permeable units predoﬁinantly contain only °
highly saline water.

Probably contain little or no water.
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FIGURE 6. AQUIFER STUDY REFERENCE FORM
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FICGURE 7. SCHEHATIC CEOLOGIC CROSS-SFCTION OF THE STUDY AREA.

Source: M. Hollund, 1900.



O3rameter
Transmissivity
Storage Coefficient
Soecific Storage
Porosity
Permeability
Saturated Thickness
Specific Yield

well Yields
Soecific Capacity

Oepth to water

water-Table Elevation

Water-Table Grzdient
Rate of Flow
Leakance

Diversion Rate

wWater Use

TDS

Other Quality

Dther Data

ACTUAL DATA

Formation Value

Units

Comments

Good References:

Items X¢roxed and Attached:
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FIGURE 8. PALEDGEOGRAPHIC MAP OF HOBBS CHANNEL. t 0  MLES 10

\
by M. Holland.

Source: Modified after W. Hiss, 1975
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B. Regimen inflyenced by erosion of

A. Regimen principally controlled by .
regional tectenics prior to fecos River at Carlsn_aa downwara
develapment of the Pecos River. vpto hydr:ut..c comué«cat»on

. with the Capitan aguifer.
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Highly diagrammatic ground-

=Capitan aquifer

water flow vectors:

—¥ . Vector size indicates relative
volume of ground-water flow.

2. Orientation indicates direction
of ground-water movement.
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\S . the expicitation of ground-water and
INDEX MAP petroieum resources.

FIGURE 9. DIAGRAMMATIC MAPS DEPICTING THE EVOLUTION OF GROUND WATER
REGIMENS IN STRATA OF PERMIAN GUADALUPIAN AGE IN SOUTHEASTERN NEW

MEXICO AND WESTERN TEXAS.
Source: W. Hiss, 1974.



