AVATLABILITY AND QUALITY OF GROUND WATER
IN THE PECOS RIVER BASIN

George E. Maddoxl/

INTRODUCTION

The ground-water regimen of the Pecos River basin can be divided
into five segments, each of which constitutes a separate ground-water
unit. The occurrence of ground water in each unit, the differences
in the chemical quality of water in the various aquifers, and the
development of ground water in each unit is related to the drainage
system of the Pecos River. Geological factors guide the movement of
ground water within and between the ground-water units; however, the
Pecos River is  the unifying hydrologic feature. The five ground-
water units are outlined in figure 1. Hydrologic conditions within
each ground-water unit within the Pecos River basin will be discussed
in downstream order ~- that is, from north to south along the Pecos
River. General data on water use, chemical quality of water, poten-
tial yield of wells, source of recharge, and status of aquifer devel-
opment are shown in table 1 for all principal aquifers along the
Pecos River.

UNIT 1 - HEADWATERS OF PECOS RIVER TO ANTON CHICO

In the segment, or reach, of the Pecos River from its headwaters
to Anton Chico, nearly all the base flow of the river and its upper
tributaries comes from ground water discharged by the Magdalena Group
{Griggs and Hendrickson, 1951). Rocks of the Magdalena Group over-
lie crystalline bedrock and form the first aquifer above the geologic
basement. Hydrologic information and related data on the Magdalena
Group and other aquifers in this reach of the Pecos River are described
in table 1.

In this reach of the Pecos River a comstant supply of fresh
water is discharged into the river from aquifers. Owing to the avail-
ability of this fresh water, plus the fact that wells in this area
are generally of low yield (fig. 2), surface water is the major source
of water for irrigatiom in Unit 1 (fig. 3). Ground water, however,
is an attractive source of supply for needs other than irrigation because
of its shallow depth and general low salinity (figs. 4 and 5). Data
are not available on the volume of ground water pumped in Unit 1; prob-
ably the volume is quite small.

UNIT 2 - ANTON CHICO TO ALAMOGORDO RESERVOIR

This reach of the Pecos River basin is similar to Unit 1 above
Anton Chico except that the aquifers are in geologically younger
rocks. Because the older aquifers lie at increasing depths southward,
they are not within practical drilling depth in this reach of the basin.

1/ Geologist, U. S. Geological Survey, Ground Water Branch, Roswell, New Mexico
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Table 1.-~--PRINCIPAL AQUIFERS IN THE PECOS

RIVER BASIN

2l B
51 [E le
H
kEjet i3 ;
1| cooroste vourca |23 eg " i E « Ceter ure Vater qualfty Porencsal sield Source of recharge Aqutrar
s ol|zf B c B2 (Callons par siauta) Savalopmant
“ IlBstay |28
£ -
11 R
Gl Rs |23p2
- Surfetevater (10w ovar Ouictops, | Overdeveloped In
H &4 Altuv b x| 2| x | x| x}tcdustetai, terigstion, atock, Vater is hard, but lov fn Froam & to 2,000 ¥atutn terdgation, Seund-vatar | aoat aress.
Lt domaatic. dlssaluad aolsde §ioe frow oin Stexe
PR R E TR Serchs.
-_-,"g ogallels £1x Dowastic, skock. Vater qualsty varfan widely but | Lasw thea } to move then 14600. | #mall wwounte of racbargs feow o the Tacos Rivar banin the
¥ Tormation i ganaral {a falr. diract practpliecion on farppct 1
ud aurerope. i) R R
Toor quality of watar
rh..v‘;d. x Stock, Po;: qu;:ly wat From 3 0 20. Divact peactpttetson on outerope. | 1uly, VO Ty Connequantly
Forwetion o1t dominant connt (tuante. tha ,wlg.r 14 not strongly
Tancos x Coratdafuctory for ail wias, Poor quality vater, highly From 6 to 75. Unknewn, probably the very ttle davelopmant
Shale wtoeralised, recherge (5 cepliigible. berause of poor
quallty vagar.
3 Craschorn x Stork, domearsc, BIgh 10 sodlve blearbooate, fair | Lera then 1. Direct practpitarton, (low from | Ousog to low yield, agutfer
H Limstons to poor suality. other dquéfere. (Water oecurs Das cot baen widaly ceveloped,
M in fraccuras In the limtptoon.)
H Watar 1s of poar quality, Kak ¢ Tass than [ ©0 g " Yl ot poor quartly of
& fluarid contaat grestar then 3, ";:::t";"::"::‘ unéarlying wstar and dou yield thate han
Cransvas Stock, « hydrogereulfide odor, dis- ¢ Sendatosa- Daen wary 1t¢te devalopment.
Shals sgceasble taste, 3nd cloudy
x x bowmstic, etork. Vatec in ganarally of good Guality | Becveen L end 125. |stresmtlow over sutcrops, diract | Desples :a- yiald the aquiter
except vhare water flove tnto peecipitation on outerope: flov buan entangivaly
the formation from sdjscent of ground water from adjacent ‘lv-lonl
* squlfars. aquifere,
Noreieon x | x Dossstiz, atock. Uacer 13 heed #nd 13 of poor to  {Tem I to 3. Dlcect pracipltation, surtece Deupite low yiald 20d poor
Parmation fnte quality. vatar flow over outcreps. quality the aguiter has sowe
davalopwent.
-
: Tresant use of water from the
H Zotrade En euch thet tha .
" Zoces X Ix “omastie, stock, Good quality, soft water with Lt than 1 to more than 30, Saal) emounts of vacharge sy uo« squiler ty oot pwiTdavelopeds
Sandatoae rodluw bicarbonste as the maln of wurface sitarme MVt o bovavar, Linitad rechurga En
chemleal conetltuant. crops dfcans'the axsfar could bu
ovardevaloped 1f audbjacted to
wors intaoss pompiog.
sutface-watnc Ticw ovar outcroge, |Wicaly developad for
Chisle x X Dowsatfc, stock. Tuie to poor eualfty of Lesd than 1 1o more than 30. diract pracipitation on stock and Jommgtic usa,
P Yormetian modarately haré watser. st
7
i
M Uater FA0Res from falt ta poor Trow t to mars than 750,
wolny with sadice bl:afbvnu coll Wrfuce witor low Gvar GutcTops, So.
XX X Itock and dowmstic. 1o smoucts detactable undar -Lunn yeossurs,) divect preciptearion oo suterops.]
by taselng.
Pirecs mum.:soa on outcreps, | Bcaves of poor quality water,
Beotlar X [scock, Vatar {s of poer guality. loms Teow L to 10, Ar wch as 8O aod wnuol laskaga the seuifer Lo oot atrongly
Formation - saturared drire, 4 Helege Bend 20 milee south s pat § Loped
: of Carlubed. socks,
%
s
A
Canttle £ X Ptock ad domestic. Rish in eulfsta end of poor Teom | %a 10. Direct pracipitation on outcrops, |Fot stroogly
Foreation |o Juattey. sucfate-wetar {iov over cutcrops.| developed dacause of podr
wality aod lov ylald,
Taseilt X Proc, dowesttc, irrigstios, Feir quality, potsbls wetar Biah 1af 2,300 to 3,000, Laskage from Leke Avaion, streme |Ocrongly daveloped,
Tormtion blearbooate. fiow over suterops, élrect
precipltatton on outereps.
Hot 4Teongly daveioped be
Yates - X % |stock, domestic. Yair to poar quality, high to Up to 2,000, Stramaflov over outcrope, direct | of oot quality in woat sress
Forestisn H chlapida and ault precipitation an OUICrOps. but posuible goad quality of
11 water in cutcrop atese et
. of tha Pacos Slver.
. 5 Surfece-uatat Zlow ovar mm,.. Gped In
H - " haed but of divact pracipitation, vetu Acma to Lake KeNIllen syes,
i fosutiriiadly L S E i st Lor Oty 16 maet of Rowd FE L0 k= avrn Few E500. reigecion, vertical ol Yevaeal| Sut snéardevaloped tn rome
2 t hage (tom tiacant 4nd at south of Laka Mciillen,
Quese and x | x |z [freigacion, dosartic, urack. Vator 1» of goos quality in
Cragburs gonarsl, bue locally contetos 10 to 3,000, Strongly over-
Fermations Bigh emounte of chloride ané daveloped in Acma.
auitate. Laka Keffitlan arws.
Cood quality water In soyc Bl
CaplLten X ALL uear «» industrial, Crrigacton| but weter te maltoe from p to 2,300, Diract pracipization on euterops, | Tully devalopsd.
Limautame dows| ek, Carlsbad awes: N surfeceswater flow over putcrops|
Varar Lo genarally of 3ood quality Sutfacs-water {lov over outcrops, |  Stroogly
x|z x } 4 ALL woew irvigation, Inéussrial] but costslen hydrogen mullide From | to wote then $%,000, 4irect precipitation on ovtcrops. ovarésveloped (n the Aemwa-
Liseskese mniclpal, 26 the deaper part of tha aquifer vertical ond lateral flow from Laks Nentilen ecea,
1ocally hae blgh smountse of subjncact and euperjecant aguitais.
s P e
Uater 1ir of zood quality {n mest Direct pu:‘ptuuon on outeropa,
Glorteta x 3 Dowmastic, stack, places exeapt under the Roswell |[Trew 2 to 700. flow trom | 3mall
Sandatoss Wastn vheee St bew ¢ high T sacant o wurnm\z davelopwent,
chloride costent. aquitare
Poor to Iair quility. In Direct pracipitetton on cutcrope, | Bncauma of low yiald end
aso I X Dossatic, stock. locatfons the chlortda contens (W From L to 125, vartlcal and lataral {low frow varleble quality of vatar,
Torwatisn to0 high for woit vysE aubjecast and suparlacent aquitar
aquifara. strongly develaped.
s Sangre da 3 bomast Le, stock. Fatr to good quality wakar of
3 & Cristo Formatie variable herdnass. Surface-vster {low over outcrops, [Beciuse of (ts lov yield tha
:i diract praespigation. aquifer {s devaloped for
-E"! atock and dowsstic uas.
3] Kagdalens X Trrigation, dowsstlc, stock, Good qusllty watar, but locally
L * Growp industrial (railrosd). hss a bigh fivoride contast. tp to 100. IDirect precipliatdon on outerop. Hot stroogly
daveloped.
3 Hatamorphic 1 droch, dowsetic. Fatr quality wates. avout 1, Edzact Trocambrion zocks ars mot
3 apd {gneous precipltation on outerops. ¥ater | qcrongly devaloped
i i beeurn in fractures in the aquifar becases of
3 Trecambrisn gocks. ylalde obtetnedla.
:
&




-85‘_

Y

. GuaDA
o
- = ALAWOGORDD
] . . RESNRVOIR :
,+/——- » ! i
— ,
-
.ﬁ/*’ . . | U
* - ¢ 1
- _! CE BAC/A
' .
UN.IT 3 _1 ROOSEVELT GE VELT
Lo LK
3
) )
h . U
LD LN )/'\\ g
Pt
—
- | £ S a
»
- 'Roswe 1 O
- N .
[ - "0 ~31,T,£

s—-UNIT 4

+» Alumogordo e e {— . —F
]
y ]

; 2 S
.. . ! Arlesia /r&LE‘A N . ... Artesio 7& .
n [ ¢ 3 I3 ! N

N
. y \\
\}/ Carisbod ‘ .
! L}
. UNIT, 5
‘_g
U S Geoiogicol Survey base map U.S Geologicel Survey bose map Com;n_ed hyA\.N‘,:ZV. Hale, 1962
N 0 40 60 80 Mrles 0 20 40 60 80 Mues
L 1 1 A i 1 A -
EXPLANATION EXPLANATION
,//"l__.—"\
Boundary between ground-water units Less than 100 gpm, 30-300 £pm More than
Unit 1. Headvaters of Pecos River to Anton Chico or areas for which MO gpm
énit 2. Anton Chico to Alamogordo Reservoir data are inadequate
vnit 3. Alemogordo Reservolr to Acme for appraisal

Unit ¥. Acme to Leke McMillan

Unit 5. Lake McMillan to State line Figure 2.--Potential yileld of wells

Figure l.-~Principel ground-water units



_65_

L}
j
;& Geologwal Sutvey bove map Compied oy WE Mole 1962
] 20 40 60 BO M:les
L i L I3 1 Y ¥ S—

EXPLANATION

s

L,
Areas irrigated with
ground water

Areas irrigated with
surface water

Arear irrigated with surface
“nd rfoend water

N~

LAKE A N
i wemritan | nole’
o v L \

: S
Y
l‘ '
e PR
6C

Compied dy WE Hoie i%52
B0 Miles

U. 5. Geotogicol Suryey buse mao
0 20 40

L N A L ] i A L

EXPLANATION

NN

Less than 200 feet 200 - 500 feet

/ A IERANE 1
IR
P \"K\'\. \X):)‘

More than 500 rzzt Lreas in which igneous rocks pra-

Figure 5.--A 283 irrige=en By grolan waber or surface water
asginete ana assuwred to be dry

Figure 4.--Depth to ground water bsiow lana suriace



_0{7_

U § Geologicol Survey bose map Compiled by W.E. Hole, 1962 S. Geotogical § N ]
0 20 40 50 80 Miles U.S. Geotogicol Survey bate mop Compited by W.E. Hole, 1962
t . f L | S St o] 20 40 60 80 Milas
1 ) 1 1 1 1 1 1 J

EXPLANATION

No saline water known 3,000-10,000 pom
|: Aquifers in younger Aquifers in older

limestone iimestone
1,000~3,000 ppm Over 35,000 psm Figure 6.--Limestone aquifers

Figure 5.--Salinity of grcund water



The potential yield of wells in Unit 2 (fig. 2) and the depth
to ground water (fig. 4) is about the same as in the Unit 1 to the
north, even though, generally, different aquifers are involved
(table 1). However, the overall salinity of the ground water is
as high as the most saline ground water in Unit 1 to the north
(fig. 5).

The volume of water pumped from Unit 2 is probably fairly
small, although it is larger than the volume pumped from Unit 1.

UNIT 3 - ALAMOGORDO RESERVOIR TO ACME

The northernmost usage of ground water for irrigation along the
Pecos River is south of Fort Sumner in Unit 3 of the basin (fig. 3).
In this area, ground water is pumped from alluvium and used to irri-
gate fields along.the alluvial plain of the Pecos River (table 1
and fig. 8). The potential yield of these wells ranges from 100 to 300 gpm
(gallons per minute) (fig. 2). Water levels in the alluvium reflect
the elevation of the surface water in the Pecos River and indicate a
ground-water gradient roughly parallel to the gradient of the river
(written communication, E. C. Chavez, N. Mex. State Engr. Office, 1959).
Wells yielding ground water for irrigation in the south Fort Sumner
area seldom penetrate to depths greater than 200 feet where beds of
clay and silt underlie the loose sand and gravel of the alluvium.

Other aquifers in Unit 3 are listed in table 1 and outlined on
figures 6 and 7. These aquifers are developed only for the small
volumes of water needed for stock and domestic use. The depth to
water in Unit 3 increases to the west (fig. 4), where in some areas
of northeastern Lincoln County ground-water levels are more than 1,000
feet below the land surface.

The northernmost large bodies of saline ground water along the
Pecos River lie in Unit 3 (fig. 5). The salinity of ground water in
all aquifers is such that the water is not suitable for stock or
domestic use in much of the area east of the Pecos River. The only
non-saline ground water east of the Pecos River in Unit 3 is contained
in alluvium, which receives recharge from surface drainageways.

Data are not available on the volume of water pumped from Unit 3,
but the volume is undoubtedly greater than that from either Units 1 or
2. Most of the ground-water pumpage is in the irrigated area south
of Fort Sumner and in a small area of irrigation in southern De Baca
County.

UNIT 4 - ACME TO LAKE McMILLAN

This is the largestand most important unit along the Pecos River,
as it encompasses the large ground-water system of the Roswell area.
The discharge of ground water from the Roswell area contributes a large
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part of the base flow of the Pecos River along this reach. 1In
recent years, however, decline of ground-water levels due to
pumping from both the shallow and artesian aquifers and to extended
drought have decreased the volume of ground-water discharge to the
river. .

Geologic formations composing the shallow and artesian aquifers
are given in table 1. The San Andres Limestone which underlies
most of the area is the principal aquifer and is the limestone aqui-
fer shown in figure 6. Overlying the San Andres Limestone are the
Grayburg and Queen Formations, which do not transmit water as read-
ily as the San Andres Limestone, and which together serve as a con-
fining bed causing the artesian pressures so notable in the Roswell
area. Overlying the aquitard is a shallow aquifer in the Seven Rivers
Formation and alluvium (fig. 8).

Prior to ground-water development in the Roswell area, water
from the San Andres Limestone leaked upward through the aquitard into
the shallow aquifer, from which the water discharged into the Pecos
River. Large-scale pumping of water from the artesian aquifer, the
aquitard, and the shallow aquifer has lowered water levels in the
area by the amounts shown in figures 9 and 10. As a consequence,
leakage from the artesian to the shallow aquifer has decreased until,
at present, ground water leaks from the shallow to the artesian
aquifer during most of the year. The net result of the decreased
leakage and reversal in the direction of leakage has been a decrease
in the volume of gain by the Pecos River.

The quality of the ground water in the Acme-Lake McMillan reach
of the basin has deteriorated because of pumping, mainly near the
city of Roswell (fig. 5) where water in the artesian aquifer has
become more saline, and where the rate of quality deterioration seems
to be increasing (Hood and others, 1960). Test wells are presently
being drilled to obtain more quantitative information on the ground-
water hydrology of the area and to determine the method by which the
fresh water is being contaminated.

The potential yield of wells that tap aquifers in Unit 4 is very
high (fig. 2). Several wells developed in the artesian aquifer near
Roswell have been tested at rates as much as 9,225 gpm. An area-wide
average yield of artesian wells is 2,000 to 3,000 gpm. Wells drilled
into the shallow aquifer have an average yield of about 1,000 gpm;
wells producing from the confining bed have an average yield of 200
to 300 gpm.

Probably due to severe drought, pumpage from Unit 4 has been in-
creasing steadily despite a decrease in irrigated acreage. The volume
of ground water pumped from Unit 4 was 499,100 acre-feet in 1964, of
which 206,400 acre-feet was pumped from the shallow aguifer and 292,700
acre-feet was pumped from the artesian aquifer.
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UNIT 5 - LAKE McMILLAN TQ STATE LINE

The ground-water unit defined by this reach of the Pecos River
is the most complex of all ground-water units associated with the
Pecos River and hydrologically may be broken into six zones. The
first zone begins near Lake McMillan where both shallow and artesian
ground water is discharged out of the Roswell area through the
Queen and Seven Rivers Formations. Water also leaks from storage
in Lake McMillan and recharges the Seven Rivers Formation and the
alluvium south of the lake. Consequently, in an area extending
southward one-third the distance from Lake McMillan to Carlsbad, a
highly permeable aquifer has developed in the Seven Rivers Formation.
Wells drilled into these aquifers should yield a few thousand gal-
lons per minute. (Written communication, E. R. Cox, U. S. Geol.
Survey, 1965). Ground water discharged through Major Johmson Springs,
about 3% miles downstream from Lake McMillan, originates from this
area of potentially high ground-water yield.

A second ground-water zone extends northward from Carlsbad one-
third the distance to Lake McMillan. Here, ground water is obtained
from the Tansill and Yates Formations and from the Capitan Limestone,
all of which are usually referred to as the limestone aquifer. Wells
drilled in this zone have high yields of relatively fresh water.
Recharge to the limestone aquifer is from water moving from the south-
west through solution openings in the Capitan Limestone. Some addi-
tional recharge leaks to this ground-water reservoir from surface
water stored north of Carlsbad in Lake Avalon. A third zone lies
between zones 1 and 2, and in this zone wells obtain small quantities
of water from the Tansill and Yates Formations. In general, this
third zone is an area of very low ground-water yield.

A fourth ground-water zone is in alluvium along the Pecos River,
extending from Carlsbad to about half-way to the State line. Water
in this ground-water zone originates as precipitation on the alluvium,
flood water flowing through nearby arroyos, and return flow from irri-
gation with surface water. Ground water in this zone that is not
intercepted by pumping discharges into the Pecos River. Ground-water
gradients in the aquifer reflect the elevation of surface water in
the Pecos River. A fifth ground-water zone lies south and west of
Carlsbad where alluvium along a surface drainage forms a ground-water
reservoir. The ground water is not hydraulically connected to the
alluvial aquifer south of Carlsbad, but discharges through springs
into the surface-water drainage and eventually reaches the Pecos
River. A sixth ground-water zone extends northward one-half the
distance from the State line to Carlsbad. Yields of wells are very
low in this zone and most of the water is for domestic and stock use.

Quality of water in Unit 5 varies widely. Fresh water occurs
in the limestone aquifer in the Guadalupe Mountains and saline water
occurs near the Pecos River in the same aquifer and in the alluvial
aquifer. In general, ground water near the Pecos River reflects the
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quality of the water in the river, except near the Malaga Bend of
the Pecos River, about 20 miles south of Carlsbad, where a body of
highly saline ground water exists (fig. 5).

Wells in Unit 5 yield as much as 3,500 gpm from the alluvium
and as much as 2,550 gpm from the limestone aquifer. Wells in the
low~yield zones yield from less than 1 to more than 50 gpm; most
wells produce less than 10 gpm.

Ground-water pumpage from Unit 5 amounted to 79,000 acre-feet
in 1964, Ground water pumped from the limestone aquifer accounted
for 17,000 acre-feet of the total, and was pumped for municipal use
(7,500 acre-feet), industrial use (3,500 acre-feet), and irrigation
(6,000 acre-feet). All water pumped from the alluvium (62,000 acre-
feet) was used for irrigation.

.
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