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GROUND-WATER CONDITIONS IN THE VICINITT OF CARLGBAD, NEW MEXICO

By
¥illiam E. Hal’
ABSTRECT
The ares included in this investigstion lies in Eddy County,
New Mexico, lurgely between the foothilic of the Gundalppe ¥ountains
on the west asnd the Pecos Rifor on the east, snd extends f{rom Carlsbud
southwerd {o Bluck River, The Pecos River drains the entire ares, snd
in the growing sereon when wuter is diverted at Avelon lam for irrigs-
tion its flow in this locelity is wzintzined lnrgely by the numerous
springs emerging in the river chrnnel north of Carlsbad. Cerisbed snd
vicinity cdepend on ground water for = domestic water supiiy as the
waters of the Pecos Kiver ure too highly mineralized for domestic use.
About 1,170 acres of lend ygpg' irrigited by ground weter in the vicinity
of Carlsbuad in 1940.

Velley 111, of (uaternsry uge, extends over most of the =ares,
largely ss = thin veneer, but it has e meximum known thickness of 256
feet. It is made up largely of clay with lenses of conglomerste,
gravel, «and send. The Rustler formation, of upper Permimn uge, underlies
the fill =nd is composed of gypsum and red beds with one persistent bed
of limestone. The Esalado fqéaation, which is composed cnlefly of helite
(common salt), underlies the fustler fornution elseshere tut it is
sbsent over scst of the area described in this peper. The Castile.
formstion, which i# predominantly unhydrite,'underlien the Saludo &nd

overlies tne Deluwsare Mountain group, of xlddle Permisn &ge, which ie



deeply buried in most of the zreas. The upper part of the Deluware Mountsin
éroup grades into the Cepitin und Carlsbud.flnastones to the nortn, esst,
and west, the latter Yeing exposed near Cerigsbed znd in tbe foothills of';be
Guadslupe lounta;ua. The Carlsbad limestone in turn grades into the upper
part of the Chalk Bluff formstion.

Ground water appurently moves ezstward from the Guadulupe ¥ountuins
through the Cerisbed limestone to recharge the squifers in the Delanare‘
Mountain, Castile, end Sulado units. In these formstions the water soon
becomes too highly minertilzed for domestic or irrigation use. A lzrge
part of the water in the Carlsbad limestone emerges in the spring srea
nortia of Carlsbad, and a puart of it moves into the valiey fill in Dark
Cenyon Arroyc. The water in the fill of Darx Canyon Arroyo moves
l:zterslly into the limestone of the Rustier formstion. The water moving
ecstward in the velley fill and Fustler iimestone becomes progreseively
wore minersiized and in the farmiand ares in the Cerlsbad Irrlgetioﬁ
Pistrict it is unfit for domestic use. In eddition, nighly minerslized
wnter seeping frow the fermlands snd censls in the Carlebed Irrigation
District com:ingles with the water f{rom the vest, end the resulting
mixture is undciirnble even for satering stock, slthough of necessity it
is much usged for thst purpose.

Water occurs in coennels of the Cerisbsd limestone, and wells drilled
into 1t generslly obtuln large yields of bard but potsble water. The
municipel supply of the city of Carlsbad is dofived from / wells (l94091n
the Carlsbed limestone. The squifer nas e high trsasmissibllity in the
vicinity of Cerlsbed, as was shown by & test made on one of the weils

owned by Southwestern Public Service Co, This well has & specific



capiciiy of 275*¢nllpn; per minuté per foof, of drawdown. The present
,vithérival of water from wells penetrating tie squifers in the Carlsbad
limestone averages sbout 4 second-feet (sbout 2,600,000 gallons & day).
The ;i;rage flow emerging in the spring srea in the Pecos River nortn of
Carlsbad is aﬁdut 60 seconi-feet (about 40 million gallons a day). It
eppears that about 12 second-feet of this flow (about 8 million gsllons &
day) comes fro- squifers in the Carlsbad limestone and thut the remainder
represents leaskege {rom Lake Avalon snd the cansl system.

The valléy fill is less permeeble thun the Carlebed limestone but in
some places sufficient yields sre obtaincd for irrigation purpcses. A
test made on & well in the fill just gouth of Carlsbed abowod the agquifer
in thst loczlity to have = transnissibility of about €0,000.

Contamination of the household wells in West Cerlsbad does not appear
to be teking place ut the present time rlthough the juxteposition of
cesepools end outhouses on the one hand apd poorly cesed wells for domestic

weter sdpply on the other makes the situ=tion dangerous.

INTRODUCTION
Scope, purpose, and acknowledgments

Carlsbad end vicinity depend upon ground vater for a potable water
supply s8 the water of the Pecos River is8 too highly uineralizod for
domestic use. ¥ith the rspid growth of tho city thcro h-c been sone
concern & to whether there sre sufficient potehle ground-water supplies
to meet the future needs of the city. fthe fuhlir water supply of Carlsbsd
was dorived;tron 4 wells in 194b. Con-unitioa outside the city limits
have no public water supply and thereforn haQo dcyolopod privete ground-

weter suppiles or, where potable ground water does not occur, they obtain



water from city teps or distant wells, Farmlands outside the Cerlsbed
Irrigetion District irrigate with water derived from wells. A greater
diversity of crops may be grown where the éuality o: water obtained ffo-
these wells is better then that used by the Carlsbsd Irrigation Distriet.
- Thus ¢ study of both tpe qualiiy and the qunni%? of ground water cvailable
for‘dcitlopncat in the vicinity of Carlsbzd was doulrabx-,- Also, there 1s
some concern as to whether conteminstion of the poteble ground-water supply
in Weet Carlsbad can teke place. Thie co-unité hes no sewer system, snd |
the conditions are such thet there is a2 possibility of»contanination.

¥ith the foregoing objectives snd problems in mind, the Geologicel
Survey nes compiled the data swvailuble on ground-weter conditions in this
areu, the results of which are presented in this report. The 1nvoltignt19n
wus cerried on in cooperztion with T. ¥. McClure, Stute Engineer of
New Mexico, snd ander the supervision of C. V. Theis, Geologist in charge
of ground-water investigations in New Mexico. V. L. Ninter, Jecretury of
' the Cerlsbad Chember of Commerce, guve velueble sssist=nce in outlining
the needs of the community in this type bf investigation. The geological

'_acctions of this report are bosed in large part on the worx of A, M., Morgan

. of tne Geologicel Survey. All of the water snalyses were mede by chemists

in the Geologlcel Survey leboratory in Roswell, New Mexico, uniess other-
wise stated. The Southwestern Public Service Co. ellowed pumping tests.
to be run on their water wells and &lsn gove permission to instull &
recorder on one of their less fr;quontly used wellc, Well owners and
“drillers in the aree were cooperztive.

The ures included in the investigation lies mostly west of the Pecos

River in the stretch of land between T. 21 5. snd T. 24 8., snd R, 25 E.



snd E. 79 E. The most intensive work covered the period from September
1939 to June 1940. Additionul “ate were obtsined from July 1940 to
September 1941,
Method of designsting wells

The system of numbering the wells in this srem is besed upon the
compon iand subdivislons and serves tne dusl purpose of designsting und
locuting the uell? The nuater of tne well is seperated into sSegments by
decimsl points. The first segment denotes the township, the second the
renge, the third tne section, snd the fourth the 1l0-scre tract in toe
gcction. The esection is divided into quarters numbered 1, 2, 3, end 4
for the N¥, NE, EW, and EE quarters respectively, =nd endh guerter is
subdivided in s simlilsr manner so theat the first digit in the fourtn
segeent represents thne guarter sestion or 160 scres annd the second the
[O-acre trect; similarly, each 4D-acre truct is divided intc l0-scre
tracts, which sre denoted by the third digit in the fourth segment. Thus
& well locsted in the NW} SE} NE; of Sec. 35, T. 21 6., R. 6 E, would be
designuted s 11.20.35.242. If two or more wells ure loceted in the sume
10-scre tract n letter, s, b, ¢, or d is saded to the number designution.
All of the townships ure south of the bese line, snd the renges sre ell

censt of the New Mexico principzl meridian.

Industries end Eon-erco
Carlsbsd, the county seat of Eddy County, is iocuted on tl.e Pecos
River in southenstern New Mexico. This city is a stop-over for a large
nurter of tourists visiting the fgnous Carlsﬁid Caverns, 25 miles to the
IOﬂthI.Sﬁ,:lﬂdviﬂ the center for & number of industriee, such as farming,

cqttle ralsing, and the -inink and refining of potash ores. In 1930



Carlsbed hed & populetion of 3,708, btut sith the opening of the nearby

' potesh mines and refineries since 1922, the city has grown rapidly.
According to the 1940 census, Carlsbad proper had a population of 7,048,
and greater Csrlsbad & population of 10,000.

The future steady gro¥th of the city seemns zssured by the permanent
neture of the potesh industry. The two coapsnies in operation in
New Mexico in 1940 were the Potssu Cospany of America snd the United
States Potesh Company. which together with s company opersting st
Searles Lske, Celif., produced 33 percent of the potash mined in the
United States. The present known reserves of high grade potash ore in
New Mexico nre much grester than those in Searles Leke, znd it is
estimated that the New NMexico reserves sione could aépply the Unlt;d
Stotes &t the rate of 500,000 tons, figured as X,0, annuslly for one
hundred snd fifty years. The current consumption (1940) is sbout 430,000
tons, figured us K30, per year, A third company, the Union Potnsh snd
Chenical Company, loczted nesr Carlsbsd, begsn productlion in 1941.

The feraing district iz made up wainly of londs included in the
Carlobed Irrigution District, xhich is operated by the United States
Buresu of Reclzmution. This groject extends {rom Avalon Dam, & diversion
end storsge dam 5 miles north of Carlsbed, to 2 miles scuth of Black
River or sbout 17 miles south of Carlsbsd, and lies largely between the
Southers Canel on the west snd the Pecos River on the east. About 25,000
acres of faerm lend are inciluded in the district. Two storsge rosorvoiff '
above Avalon Dam on the Pecos River supply mater to the projeoi; nanal},
Alamogordo Reservoir, nesr Fort Sumner, snd Lake McMillen, loceted

southeast ét Artesie. Lake Avelon suppiles water to the Esstern Canal,



-hiqb serves Le Huerts, s community north of Carlsbad, énd the Southern
Cenal, shich serves the larger sortion of the district, whicn 1s south of
Cerisbsd. The growing ceason is from Merch to October. The two main crops
sre cotton and alfslfa. Outside tue Carlsbed Irrigetion District there ere
several {erms Lhst Leve developed ground-wmater suppliee sufficient for
frrigation purposes.

Carlsbad and vicinity are served by & brancu iine of the Atchison,
Topeks and Ssnts Fe Rullwey. This line extends from Clovis, through
Roswell and Artesisa, to Carlsbad end thence south tnrough Loving, a smull
tomn 12 miles south of Cariebud, to Pecos, Tex., highways lead north to
irtesic and Roswell, N. Mex., east to Hobbs, N. Mex., south to Pecos, Tex.,
and southrest to the Carlsbsd Caverns snd EL Paso, Tex. Numerous truck
lines serve the city from &ll points. The Contlnental Airiinmes, Inc.,
meinteins air mail end passenger service to El Paso, Tex.,.and
Albucuersue.

Topography

The Guadelupe Mountains extend northwerd in a V-shepe froz just
inside the Texes border &t = polnt 2bout 5. miles southwest of Carlsbad.
The west Lizb o!f the V forms the Guadulupe Woumtuine proper, rnd the east
limb forme the foothills. This eustern iimb hes beer named La Berrera del

Guadelupe by Lang _/. The Bsrrers extends northeastward to s point about

~/ Lang, ®.B., The P.rnlan formations of the Pecos Valley of New Mexico
and Texas: Ap. A etr u Geologists le, ¥ £ 193

15 -lloq southwest of Carlsbaed and from there swings to the north in en

unbroken line to Hackberry Drew due west of Curlsbacd, (See map of
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Eddy County, fig. 1, and map of Carlsbad snd vicinlty, fig. 2.) North of .

'uun i. Map of ﬁ(&y County, . NMex., showing ares discussed in this
report (shaded).
Figure 2, Mep of Carlsbed and vicinity -bmdnc geolofy snd comteurs of

the water tsble snd plezometric surfsce, _,
“sckberry Draw there 18 & smali group of hills which has been mamed the

Veotillo Hilis. Stili fartaer nortb acrosz the Pecos Fiver uurc sre two
spell hills without numes which are & continuation of the Barrer=. There

{s ususlly » sharp break between ‘he Barrers ai.d the sdjecent 'v':-iloy Tloor.
North of Black Fiver s row of hills perallels the Barrers as fur north as
Carlsbed, These hills sre mors prominent near the southemn ond and have
been nemed the Frontier Hills. Farther north ‘t.ho"r,o_l.iot.dinmimu until
at Carlsbed the hills disappear sltogether. Esstward from this row of hills
‘im surface slopes gently to the Pecos River und 1s broken oaly by occasional x
knolls, ‘ ‘

In the expinded part of the Pecos River Valley south of Carlsbad thare
are thrée distinct terraces. The lowest terrsce is sdjecent to thé Tiver
snd covers & small ares. The next terrace covers the larger pert of the
valley and includes most of the vtlrnlanda and some ‘or the rangeland mt
of the faniaud. Small ﬁnolll that contain gravels covered by a cnliéhé
cap are all thet remain of & third terrace. Tbhsse terrsces have probully

th' sane uges &3 the terraces in the Roswell arunian baain to the north /s

¥ ;ﬁor, A.G., and Kye, 5.5,, Geology and srmd-ntor resources of . the
Roauu ertesisn buin, N, Mex.: U,8, Geol. Ourny Rater-Supply Paper 639,
pp. 10-12, 1933.

- Morgwn; AM., Goolou and shallos-water resources of the Roswell srtesisa -
basin, N. Mex,: 12th snd 13th Bienn. Rept. of State Engineer of New Mexico,




thet is, the lowest terrsce is probsbly the Lekewood terrsce; the inter-
mediste, extensive terrace, the Orchard Perk terrsce; snd the third lerrace,
the Blackdom terrace.
Prainege

The Pecos RlQer flows southesstward in this locality und druins the
entire areu., During the irrigstion seczson, from February to November, the
entire I'low of the Pecos Hiver 1a normslly diverted for irrigstion at Avalon
Dam, ‘The river channel iz ususlly Seafly dry betweern tne dam and Carlsbed,
where & large number of springs emerge aloﬁg the benks end in toe chbndhl
of the river. Carlebzd Opring, one of the largest springs, hss been
developed by building &« concrete tank sround it woich aaintuinﬁ the water
level about 5.5 feet sbove the adjacent river water level. This spring
hes ¢ flév of =bout 5 second-feet, A dem 11 the river on the eset side of
Carlebtad becks up the water from the#c sprinis to & point about 2; miles
zbove the dem sund opposite tne Carlibad Spring. The combined flow of the
Carlebed Spring cnd numerous ot! r springs veries between 50 snd 30 second-
feet ss mensured a2t the Green Street Bridge Geging Station on the east side
of Curlsbed below the dam. OSoutheest from Carlubad & few sacll springs are
found slong the bLanks of the river, Blacxk HRiver #nd Darx Cenyon Arroyo are
the only tributaries to the Pecos River of sny size in this sresz, A few
draing snd Cess Praw, deriving water fron return 1rri§atinn water, con-
tribute about 12 aecond-faet on the sveruge to the fio' of the fccoa-Biver.

Black River {lows generzlly in an esgtwerd direction and'entera‘tne
Pecos Piver st 5 point sbeut 16 milee southesst of Carlsbed. The streem
fes a perennisl flow below Blue Spring, which 1s zbout 15 miles west of

tne mouth of Black River. Blue Spring suinteine & flow of from 10 to 15
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second-feet »nd Cestle Spring, sbout 2 miles to the northesst, rlows soue-
what less than & second-foot. Come of the wster s diverted for irrigstion
pear Blue Spring for tue feralends loctted near Castle Spring. The Southern
Canal lntorsccfa Blzck Flver zbove &« diversion dam ebout 5.5 miles irom its
Qonth. When no water is reguired for irrigation soutn of Blecxk River, the
water from the river ond cznal is spllled to the Pecos RHiver,

Dark Cenyon Arroyo hesds in the Guadslupe Hountains about 36 mlles to
the southvest of Carlsbsd. This normclly dry arroyo drains & considerable
eres in the foothills of the Guadsiupe Mountuins, and when hesvy rains oceur
in thet region, flssh {loods rush to the Pecos Fiver. The arroyo cnergeé
from the foothiils of the Guadziupes sbout il miles southwest of Ceurlisbad
end flows te the northesst, entering the Pecos Hiver just soutn of Carlsbad.
Heckberry Prew snda Little MeKittrick, two small ephemerzl streams in the

srea, enter Per: Cunyon Arroyo frous the west near its mouth,

Climste
The climete of Carlsbed is semi-eric. OSummers sre hot and winters
are mild as = rule, All the fsrming is csrried on by mesns of irri.stion.
The rangelends support growths of gressewood, mesvite, come grasses, and
cocti, Tue teble below gives the normal wonthiy reinfell at Csrlsbed ss
deiermined from & precipitztion record which hes been continuous since 1795,
The heavier rsinfall occurs in the sumser end fall months.

Normel rainfell in inches, Carlsbad, New Mexico

Jen. .32 Apr. .95 July 2.42 Sept. 1.92 Nov. .62
,.bo o“ w <77 Augo .77 QOct. lo“ Dec. 065 Totel 13.59

Mar, .56 June 1,73
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~ OUTLINE OF GEOLOGIC HISTORY
Ground water moves through openings in the rocks. These openinga
~mey be large or minute in size, depending upon the nuture of the rocks,
snd they are largely {nterconnected to form conduits. The velocity of
movement znd the guality of the weater flowing through thnae concuits are
dntcraiﬁ?d to & large extent by the character of the rocks through which
the water must p=ss. In the vicinity of Carlsbad,'ground water occurs in
openings of two types. In the welley [ill, vhich ylelds the wuter to
dqﬁeatic'nnd some irrigstion wells south of Curlsbed, the water occurs iﬁ'
the pores between grains of ssmd snd grevel. In the limestone nest of
Ckrlnbad,'nhieh supplies the wells of the public waterworks of Carlsbad
and vlso the Cerlsbed Springs, snd in the gypsiferous rocke in the ures,
the weter occurs in comperatively large solution pessages. The chemiesl
chersacter of the water und the ezse with which the water is obteined from
wells sre generrlly quite different in the two iypca of rocks.

: Rocks of midcle and upper Permisn and (uaternsry ege crop out in and
naﬁcrlign Carlsbsd =nd ytcinity. Rocks of éarly Permizn &and older forestions
crop out in the Sacremento Xountsains to the northwest end proﬁably underlie
the Cerlsbed mreec ot great depthe, but =& they heve no bearing on the ground-
water problems ;n this srea, they will not be discussed. Rocks of Triussic
ana‘poebihly Cretsceous =ge which were leid down over the aree heve been
str;pﬁed off during the long period of erosion preceding the deposition
of Quoterrery deposits. Tne geologlc map, figure 2, shows the areal distri-

bution of formetions in the vicinity of Cerlsbead,
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The Permian formations in the vieinity of Carlsbed differ greatly
from place to place, some being confined to & part of £ho sree and others
changing rnpidly from limestone to znhydrite or to clay end shsle. The
great diversity of the roeks results from the unususl conditions of sedi-
rentztion under which they were ieid down. vTh. following brief discussion

of these conditions, tzken lsrgely from Lang _/ will help to explain the

_/ Lang, ¥. B., The Permisn form:tions of the Pecos Valley of New Kexico
snd Texss: Am. Assoc. Petroleum Geolcgiste Bull., vel. 21, pp. 833-3323,
1937,

changee in lithology to be later described,

The vicinity of Carlsbad lies geclogicnlly near the northwest rim of
the Permian Deleware Besin. During middle Permizn time an zrm of the
ser occupied the Celewnre Basin end extended beyond it. In shellower
wnter near the margin of the Del:iwere Bssin, reef limestones composed of
the massive Capiﬁen znd the well-bedded Carlsbad limestone were lsid down
in the shspe of & horsesnoe with the open enc to the south. This reef
development served to udlvide the nree into three aedinentéry provinces
which Leng named (1) The Delswere Basin or fore-reef province, (2) the
reef-zore province, #nd (3) the back-reef province. In the fore-reef
orovince sarine deposits of sendstone and lilnétono which now form the
Delaware dounteln group were luid down, in the buck~-reef srez, where
the woters were more salino, anhydrite and clestics from the lowland ares
around the -nfgin of the sez were deposited. These beck-reef deposits
form the Chuik Bluff formation. The deposits of the reef-zone province,
namely, the Capitsn and Cerlsbed limestones, grude rapidly into the

Chalk Bluff formotion in the back-reef sres snd into the Delaware ¥ountain
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formation in the fore-reef sres. £ gradusl downward moverent of the land
whicnh kept pece with deposition allowed these fornntioﬁa to attain &
great thickness. :

The period of reef-building wes brought to = close by u chan¢§ from
A;ornkl ses-weter conditions to hlgnly saline conditioné, possibly as &
result of =n uplift between the lelrware Busin =nd the open ses to the
goutheast which restricted the smount of water coming into the busin.

The incoaming weter barely kept pace with evaporztion, vith the result

that = thick series of anhydrite beds, namely tne Castile formation, were
laid doevn until toey almost filled the Delaware Busin, Leater the ses
overlapped the reef deposlits of limestone tut still rem:ined highly suline.
In 1t were deposited the thick beds of helite making uo the Salado forma-
tion whith now extends beyond the [elzwere Busin over & large zres in
southecstern New Mexico. The succeeding Hustler formation was aeposited
uncder lesg saline conditions.

ifter Rustler time the sea retrested southward. iny deposits which may
heve been laid down over the Rustler formation prior to Pleistocene time vere
eroded away tafore the Plelstocene epoch, when the valley fill was deposited
over such of the srea. The Guadalupe Hountuins were formed snd the Permisn
forzztions in ‘hls srea tilted esstward et the time the focky ¥ounteine
were uplifted. The western part of the reef limestones is now exposed in
La Burrers del Guaduiupe. Younger Permian formaticns--the Castile, Sslado,
snd Rustler--crop out to the east of the Bsrrera in this locslity, but

most of the sree is covered by the wvalley fill.
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WATER IN THE VALLEY FILL
Nature of the aquifer
Most of the sree discussed ln this report i1& covered by the valley

fill of Gusternary sge, which extends from Le Huerts on the north to |
Bleck River on the south =nd from the nills east of the Borrera to the
Pecos River (fig.g2). The thickness of tne fill veries greatly in short
distunces owing to proncunced irregulzrities in tﬁe surfece on which it
was cdeposited caused by solution und collapse of the underlying rocks.
In the 1utcratr€an areas it appesrs to be generully only a thin veneer.
In the sres h.z.;en the Burrers and Dark Canyon few wells huve been
drilled‘and no tccurate messurement of the thickness of the fill cen be
obtained but numerous exposures of Permian form:utions lead to the
conclusion that the fill is here relstively thin. In the divide between
Derx Canyon smd Cusss Druw in sec. 13, T. 23 5., K. 27 E. and sdjecent
sections {9 the north and east there is & prominent knodb in which gypsum
of Porniap cge is covered only by & thin lsyer of siluvium, Tne {ill for
some diétancc from this knob is probably thin sithough there ere no wells
to ghow thet this i, so. The fill spperentiy increuses in zveruge thick-
ness eastward from Derx Csnyon to & meximum just west of end parullel to
the Pecos River,

~The thickest part of the fili is under the present dreinsge system.
The maximum known depth of the fill nesr the Pecos River is 206 feet in a
well in sec. 20, T. 22 8., R. 27 E. which went through a cangloncrafo into
limestone at this deptn. In La Huerte the flll wvaries in tnickness in
existing wells from 30 to 116 feet. & well drilled in Cass Draw in sec.

25, T. 23 5., F. 26 E. went through s conglomerate st 176 feet into
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limestone. A well drilled near Dsrk Cenyon in sec. 3, T. 23 5., Ré 2€ E.
went through & conglomerate at 93 feet into red beds. A well at the
Csrlsbad Alr Bsse near Dark Canyon in sec. 35, ?; 22 5., R. 26 ¥, pene-
treted valley f£ill to ¢ depth of 256 feet and unother nearby reached a
deptin of 760 feet but the lower 3 teet of red clsy in this hole may be
of Rustler sge.

The fill in most of the zres is made up chiefly of uff to red clays
with lenges of conglomerste, gravel, and send end is similer to the quartz-
ose conglomerate of the Roswell besin. According to well drillers the fill
in this locslity changes rapidly in character from pisce to place; This is
cheracteristic of stresm deposite as the stream chennels zhift repldly and
ceposit different types of muteriei. MNeer Derk Cenyon the fill contsins
beds of boulders snd pebbles, chiefly limestone, firmly and densely cemented
by celcite to form limestone conjlomerate, These beds are essentirlly lime-
stone, and they heve no original norosity. In come loculities solution
cavities In these beds have furnished supplies of severezl hundred gellons
of weter - winute with little drswdown. Drill cuttings from these con-
glorerates show the varieguated colers and textures of tnelr component pebbles
tnd their matrix. In the absence of cuttings it is frecuently impossitle to
tell from driilers! logs whether the "limestone" found in & well is one of
these Quuternary conglonﬁratea or the limestone in the Rustler forustion.

To the eust of the -rea gtudied in this report the fill is mude up largely
of cluys 2nd find red sand, which Luve been nsmecd the Gatuna fo;mstion by

Lang _/. The Catuna formetion is the seume age «s the quartiose conglomerate

_/ FRobinson, T. ®. snd Leng, W. B., Geology and ground-sater conditions of
the Pecos Valley in the vicinity of Lsguns Grande de ls &ul, New Mexico, with
special reference to the salt centent of the river water: New Mexico State

Eng, 12th snd 13th Bienn, Hept., pp. 34-35, 19383,




on the west side of the Pecos in this locuiity.

the fill west of the river are licted beliow.

Some 1988 of wells in

Reported log of Hellyer well, SW} NW} sec. 20, T. 2. 5., Rs 27 E,

: Thickness : Depth
b {(feed) L (feet)
1 :
Silt, sand, grhvel..................: 50 : 50
CQnElOﬂer&te.oocco--oo--co-ooootcoc-‘ 20 H 70
Yellow 013y-oooooooooovnooo-oo-ooc-.‘ 40 H 110
Sand (iator)...-..........-..-...-..8 15 H 125
H H

Reported log of Matthews well, SW} NWi sec. 24, T. 22 5., R. 27 E.

: Thickness H Depth

3 (feet) 3 {feet)

: ‘ H
SIIt, Sﬂnd’ graval...-..............8 L5 H 45
Conglomeratecicecacecessscsoccsoccaned 10 ! 55
Clay................................x 95 : 150
CODKIO.CT&tﬁ....QO.;....0--.0--0....‘ 6 H 156
Pinc CIRy.o.o-o-ooocoo.uc-----..o.oo‘ 39 : 195
Congloserate (weter)..coeccecessceses 11 : 206

H H

Reported log of Henson well, SWi SWE sec. 17, T. 22 S., R. 27 E.

3 Thickness H Depth

; (feet) i (feet)

3 :
Siltﬁ’ :ﬁnd, grﬂvel.......-..........8 20 H 20
Congloaerete-....................-.-l 50 " 70
Soft conglomerat@eccecensaccconccnesnt 10 H 20
Cavity or very loose sund (water)...s: 10 3 90

» 3 : 3

16



Log of Well No. 2, Army Air Base, sec. 35, T. 22 3., R. 26 E.
(Priller's log from 0 to 166 feet; logged from cuttings by J. P. Smith,
United Stetes Potash Co., from 166 to 260 feet)

: Thicknees ¢ Depth
. i _(feet) 3 (fe
3 :
S01lecsesncoennsssccccssesssssencsacsoes 5 ] 5
G!‘n"lncooooco;oo.oocaooooooo.ooocoo.‘ 10 4 ls
c1l’o.--‘¢coauo-cco-oococ.ooocoooooool ‘ : 19
Gm'.l.0.......l......I.....'.........‘ ’1 ' ”
Pink '.ndy Bhele@ccssvcseccassensrvsned 102 3 1’2
Limestone conglomerat@c..oceccacecased 14 t 166
(water 50 gpm) , $ :
Conglomerate, mediua coarse lime- B t
stone and siliceous pebbles with :
occasional fragments of gypsite....t 29 s 195
Limestone conglomerste, small : ]
‘p.bbloa.."'i.".'..i'......CQI.CO..' 5 ‘ m
Conglomerzte, medium cosrse lime- 3 5
stone and siliceous pebbles with a 3 t
few fregeents of rounded reworked 3 3
gypsum. Incresse of water 195-215.1 15 1 215
Buff snd famn-colored Clayec.oeceoensed 15 1 230
Mediup coarse limestone conglomercte,: s
streaks of fawn-¢olored clay, 3 355
rmp.nts °f m.‘m.'.....OOOIIQI...‘ 22 ‘ 252
 Brick-red clay, streaks of lighter L
clay, some fine gravel embedded : i
10 ORAY Tt cdivioh cubuias o aivabae swe gonel 8 3 260
3 $ :




Log of ¥ell No. 3, Army Alr Bsse, sec. 35, T. 27 8., K. 26 k.
(Approximately 200 feet west of Well No. 2. Oriller's leog to 166 feet;
loigged from cuttings by J. P. Smith from 166 to 256 feet.)

H Thickness : Depth

$ (feet) i (feet)
Soil.l.C.ll.l.‘...Il..........‘...l.' 12 12
0"'01...‘......I‘........‘...‘.....‘ & 80
Pm‘ aﬁndy clby...-..................8 82 16:'.
Conglomerate (Seep of water)........t 2 164
Pink Bandy ShAalesesscasnsessvinsecnet 10 1710
Hsrd indursted buff limey sund snd 3

fine gravel conglomerat@ec.ccsesces 3 177

Conglomerate; mutrix yellow lime- :

stone, medium course dolomitic snd:
siliceous pebbles (wzter at 130 3

fe&t).......-..-............-....o% 16 193
Herd buff fine gravel und ssnd con- 3

ElOBerat@eccessssecsssascnosccssened 7 200
Hard indurzted buff limey sand......s 10 210
¥edium corrse limestone conglomerate: 5 215
Buff, greenish, and pink calc:reous :

shule with a few pebbles and & H

few sandy lamins@eccceccccsceceness 10 225
Very herd indursted limey sSandee....3 10 235
Medium coxrse grey and buff conglom-:

erste. Increase of water?........: 10 245
Hard fine-~textured buff conglomerste: 11 256

(08 S48 94 90 90 B0 B% 20 P4 08 B0 4 0% 89 Be S0 B8 B 8% S0 8 Bs Br @

H




Log of Hartin well in SE{ sec. 25, T. 22 8., R. 26 E.

in June 1941. Cased with 10" c¢cssing.
Geologlcesl Survey

Prilled

19

Logged from cuttings by R. H. King,

Thickness
ngg&l,

Depta

(feet)

MisBIngocecscoscocrsncscsosssacsinne
Gravel, cosrse, poorly sorted, coa-—
posed of subrounded to well-
rounded pebbles of limestone and
dolomite, white, tan, grey, and
some reddiSheiecccescssesssacesanss
Bissing.ceeccsecccscescsoscnsenccnne
Clav, tun, and grovel, noderately
well sorted, mostly subsngulsr
pebbles of limestone =nd dolomite,:
white to dark ETrAYeeoencovrececncnes
Gravel, pooriy sorted, composed of
pebblec of limestone and dolomite,:
mostly white »nd light grey, some :
ten unag derk grey, troce of red-
dlSh, Izostly subrountedesessscseced
.‘iissini,'...................-.........t
Gravel, poorly sorted, composed of :
limestone =nd colomite pebbles,
shite to darx gray, some tan, sub-:
roundied to well-rounded...c.oc.vedt
Cley, 1light tan, very culcareous, H
and gravel, &3 in preceding sam- 3

ples...................l...0...‘..’

* Be e Sa BF BT B 8s Be #e Wy

mlssing.'..l'.0....'...000'.‘.....'0‘
tbout like merterisl between 70 snd
ao feetl..l.....ll..!........'....:
Conglomerate, limestone =nd dolomite:
pebbles 25 in preceding ssuples, :
b und by pinkish calesreous :
cementing matericl.ieoccvecececceet
Ceme, very little week cezenting H
materinl; virtually e grevel.....e?
Same, but considersble ten cluyey
calcureous cementing materizl.....:
Smme, ground very {ine, and contazin-:
ing some crystalline cilcite and :
some queartz, in crystsis and :
angular to well-rounded greins....:
EBame, feirly numerous quartz grains.:

10

1G

10

52
15

10
10

% 00 B4 BT B B4 s B4 S BF G4 B B% B B0 B8 B4 SF WF S% e e 84 B0 8% B4 8 B B AR 8% 94 00 8u 4 8e 2% wv 0e av o Jor e

10

n
o

35

407
55

70

88

95

100
105
120

125
130
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Thickness

(feet)

vepth
_(feet)

H
Conglomer=ate, very poorly sorted, 3
firmly cemented, consisting of
pebbles of limestone und dolomite,:
seexingly rounded to well-rounded,:

white, ten, gray, pinkish, 1light :
brown, and yeilowlsh; some guarts @

in crystels and sngulsr to well-

rounded grﬂin.; Lome c&lcxt‘.-.-.-;
Cley, brown; some conglomerzte, as @
in pr‘c’ding SaMDlEBecccacsossesnns
Totzl depth 140 feet 3

135
140

Log of Merchant Well
Sec. 30, T. 22 8,, R. 27 E.

Conglomerate, limestone (water).....:
:

3 Thickness ¢ Denth
3. e 3 (feet)

H 3
S01lesecscansncnecsoccsassnsonsssnneld 5 H 5
BRAVOLa N v s as v.0's tdinmes suios oiaswalssoal 15 : 20
Clay, yclh)‘..-.--..................: 70 : 90
Cley, red, sendy.ccececccsccscconncei 53 - 143

Conzlomercte, (limestone) water - :
chsed orfI.IOOOOOI.lQ...'l..'l....‘ 12 : lw
C:Luy, !'Qd...........-.-.............: lO : 170
Limestone (conglomerste?).c.ce.ceesal 7 : 177
L "TLT, PR e ok SR oS POT r R | 6 3 133

Limestone, broken up, (conglomer- :
ate?) ('atlr)..................-.-3 24 s 207

3 H

Log of Goazat Ropers Club Well
Sec. 30, T. 22 §., R. 27 E.
3 Thickness : Depth
H {feet) 3 (feet)

3 3
5011........‘....................-...3 5 3 5
XBYBL . icssiviosasinsvonbosvnce sonessd 50 : 55
Conglomersate, limestone, yello¥.....: 13 : 73
Clﬁy’ YQJJ.O'..._.....................l 37 : 110
s‘n‘i’ 'h’.t. ('lt.r)noocoo--ooooco-ool 10 H 120
Clay snd broken-up meterisl...ccceset 40 s 160
30 ; 190




The 11l is capped by caliche =long the slopes of the valiey just
esst of the Barrers and in remnsnts of #n old terrsce that occurs through-
out the velley. E=st snd south of the Ocotillo Hills the crliche is from
12 to 15 feet thicr und rests in some plauces directly on the fill and in
othets on the Carlsbed limestone.

Fater occurs in the conglomerstes, sands snd gravels sand is found in
the deep {ill acdjecent to the Pecos fHiver =nd the deeper part of the fill in
Csss Draw and Dark Canyon. Exse-heée the fill does not extend deep enough
to intersect the wuter toble. Ground water probsbly enters the fill from
the Curlsbed ilmestone to the west and from parts of the Rustler foru:tion
belor. Surface water enterc the Iill by seepnge of flood weters in Durk
Canyon and by seepage from the ciznels snd irrigsted lsnde in the nrea.

The qusliry of wuter veries from pluce to place aepencing on its
source. It is therefore desirable to discuss weter in the valley fill
under taree headings: (1) thut tetween the coutnern Cansl una the Pecos
fiver fros Cerlsbud to Black River, (2) thsot in the fiil in Lz #Huerta,
and (3) tnat west of the Southern Cenal.

Oraued Sater between the Southern Cunal snd the
Pecos River

The srea from Carlesbed soutn to Black River znd between the Louthern
Cenel snd the Pecos River includes the mnjor pert of tne farulends in the
Cerlsbed Irrigetion District, znd a8 no irrigation wells sre needed, =21l
of the wells rre dug or drilled to obtirin water for stock or domestic use.
The duz wells sre generuolly from 15 to 25 feet deep und the drilled wells
from 12 to 45 feet. A few wells nuve been drilled 10C or more feet ceep

in the search for good water. The water table is fror 5 to 35 feet below

21
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the general land surface znd slopes from the Southern Canal to the Pecos
River. (See fig.2.) The water tuble in the southern part of the area
slopes from 15 to 25 feet to the mile, ar? in the northern part sbout 10
feet to the mile.

As shown by tatle « in the appendix, the water levels in the wells in
this ares rise markedly in sumser, during the irrigation seeson, end fall
curing the winter, thed the irrigution cenals sare dry. It is evident thst
the canel losses and the return of water from the irrigated fermlande are
the sources of a large pert of the wmater found in the vslley fill in this
arez. Very little weter sppears to be moving into the ares from west of
the Southern Cansl.

The quality of weter in the fill in this sres reflects the chsracter
of the irrigntion water supplied to the Carlsbad Irrigation District. As
the soll is gypsiferous and contains other soluble minerals, the mineral
content of the ground weter obteined from shailow wells 1s somewhsat higher
in generzl then thst of the clresdy highly ninorslizoa irrigstion water
supplied to the district. It ie impotable, but of necessity it ie used to
vuter stoci. A better quslity of weter is obtuined {rom well 23.28;15.131,
which hus the first water sesled ofi, but even this loser water is too
highly mineralized to be suitable for drinking. This better cuslity of
water indicstes that some water is moving in from west of the Carlsbad
Canal. A tuble showing the quality of water obt:ined from various wells

in the u.res is given in the sppendix.
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Weter in the fill in Ls Huertas

The FEastern Canal borders Ls Huerte on the north, and water seeping
from it ond from the irrigsated lands down to the wuter teble renders the
shrllow ground water in this locslity impotable. Ailso ground »ater
probably moves from Lake Avalon through the fill mauterizl in La Huerte,
Deeper wells in the area probably passs out of the fill into gypsum end red
beds in the Rustler formetion. The slope of the water tsble is from north
to zouth. The depth to water below the iand surfrce is vetween 11 and 35
feet.

£ teble in the zppendix gives the anelyses of the water found in
various wells not deriving water from the Carlsbed limestone. The water
found in the fill is slightly more mineralized than the irrigstion water
asec in La Huefta. The water from well 21.27.30.322 has zbout the seme
sulphste content a8 the vater {rom other wells in La Huerta but is low
in chloricde. This weter 15 different in type from the cansl water und

probebly h=s snother source.

¥ater in the fill west of the Southern Cansal

Most of the wells drilled in the velley fill west of the southern
cenal sre locsted in & rather smell area from 2 to 5 miles south of
Carlebszd. They may be divided into two groups: (1) those within a mile
of Dark Csnyon which have been drilled for domestic purposes an. which
yield u calcium bicarbonste weter with little other miner:l _.zation end
(2) those near the Cenel which have been drilled for irrigetion as vell
25 domestic purposes and yleld highly minerslized water spproaching the

charscter of the witer east of the canal.
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The weils nesr the Southern Censl ere from 60 to over 200 feet deep
and derive water from conglonergiic or sandy zones in the fill. The water
gener:lly rises in the hole efter being struck by the drill but the water
level in sll wells, deep snd shallow slike, stands sat sbout the same local
level, indicsting & cﬁllon origin for &ll the water. The wells near Dark
Canyon oStgin water from solution pessages in dense limestone congiomerstes
at depths of from 150 to 250 feet. The depths to acuifers in this srea
vary widely in short diataﬁcoa due to sbrupt distortiops of the vulley fill
csused by solution and collapse in the underlying Permian beds.

The slope of the water table mesr the Southern Conal (fig.2) is from
esst to west. In September 1939 the water level in well 27.27.15.444, 200
feet southwest of the capnl, was nt an sltitude of 3,096.60 feet; and in
well 22.27,19.2144, 2,000 feet to the southwest slong the ssme line, the
water level was at sn eltitude of 3,095.06 feet. This conditlon probubly
exists along the entire lengtn of the c:unel. Some mlles west of Lhe canal
the water tsble slopes gently firom west to enst, Thus, there is ¢ shallow
trough in the weter table psralleling the csnal on the roat<domu which the
water from the west tends to move south. However, us water of better
quality than canal water wae encountered in well 23.28.,15.131, east oi the
Sﬁuthern Cznal, some Af the sater must move to the enst through aguifers
in the fill seperated from the upper water by confining leds of clay.

Tﬁ. water obtﬂ{hed from wells near the SOntherﬁ Cenal contsins
typically frouVIOOO to 1300 parts per million Qulphnte and from 400 to 900
parts chioride. The water is hard snd Jemerslly nearly impotuable elthough

about half of the persons in the 1ocality.of necessity drink the water. The
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deepest well, well 22.27.20.133, drilled 206 feet deep, yields water of
only about hulf the minerslisation of thi other, shellower, wells. This
water is intermediute in character between th:'t of the shallower wells
in the vicinity tnd that of the wells nénr De~x Cenyon and soims to
indicste that tne better water {rom the west may be present at depth in
this locality elthpugh ndmixed with the highly mineraiized shallower
water.

The water obtuined from wells in the wvnlley fill nesr Dark Cenyon is
» celcium bicarbonste water, contzining very little sulphate, chloride, or
sodium, It is by far the best water obtsinasble in the vicinity of Carlsbad.
Its quelity deteriorstes repidly witnh distunce from Derk Cunyon. The well
nesrest the Canyon, mell 27.26,35.220, originslly drilled for the City
Afrport, yields water conteining only 5 parts per wmililon culoride und 42
perts sulphote. Well 22.27.30.130, sbout 1-1/4 miles northeast of the
Airport well snd u little over £ mile from Dsrx Cenyon, yields water con-
taining 79 psrts chloride snd 345 parts Qulph&tc. Intervening wells show
s steady Incresse in chloride and sulphate from the Airport wel. to the
latter well.

The water in the fill hes evidently two sources. Dark Canyon in
flood contributes water slong ite course &t the western edge of the
21lluvium. This wnter moves e&st to the viecinity of the Canal awnere it ie
» joined by nighly minerslized canal leaksge and irrigation return. The
repid addition of chlorides and sulphetes sg the »cter moves enstward
from Derk Canyon while still two miles distent from irrigsted lands
near the Canel mey be due to solution of gypsum and salt in the under-

lying Fustier fora:=tion, Lowever, it appears more probebly to be due
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to edmixture of irrigation nm‘novmg up the dip of the beds in the
alluvium from the vicinity of tha Cencle The water tuble is very flat
from the Airport to the wvicinity of t!;o Cenal and hes = westwurd slope
in the vicinity of the Canzl. Dark Cesnyon flows only intermittently and
for long periods there is probably no recharge to the i1l along its
course. It s probeble that the highly sinerslized water derived from
irrigstion moves weatward in times of drought, perhszps displecing
fr‘ahor water nesr the western edge of the slluvium to the south. In
times of flood in Dark Canyon the highly miner=lized witer probably
retrests sastward, displaced by the better water added by the floed.

. This shift of the boundary between the two types of water probebly
ceunes intermingling snd gives rise to & narrow transitional zone in
whlch the character of the wster changes rapidly. It is evident that
large developments of this better water nezr Durk Canyon cennot be under-
taken without the risk of drawing in the highly mineralized srater lying
to the eust.

There azre six irrigation =ells deriving water from tne valiey fiil
neaxr the Southern Cenel., These wells heve much smaller ylelds than the
irrigriion wells deriving water from the Cericbed limestone. The follow-
ing teble lists the welis deriving water from the vyslley f11l and gives
the estimsted :mount of sater pumped smnuzlly by these wells. The duty
of witer wes based upon the farmer's estimate. As czn be seen from the
tuble, the totul emount of water pumped from the fil. 1is smuill end samounte
to an average discherge of only about 1.4 second-feet. A large part of tals
weter orobubly originutes as seeprge tro- the Southern Canel. The Nymeyer
well, 23.26.25.421, which supplies drinkﬁg water to the town of Loving,
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is reportedly pumped at the rate of 200 gullons a minute for about 15
ulmpt« 2 day.

Estincted pumpage for irrigation use from wells deriving sater chiefly
from fi1l in the vicinity of Carlsbad, 1939

: Reported 1! sEstimsted quantity of

2
: ipumping rate: Acresge iwater in acre-feet
Well no. 3 Owner ¢t gallons & 3 irrigated :_ gpplied 4n 1039
: i J_minute aPer acre i Totel
22027.17013’ D. B, Hanson m 20 205 50
22.27.20 Neal snd Taldon 600 45 2.8 126
22.27,20,143 Gibson 675 20 3.5 70
22.27.29.‘31 Jo Ce Tidtdl 900 91 205 228
; 23.27040333 Le Co Bindel 1,200 182 2.5 ‘55
30 R o i3 75

23,27.9 Sians 600

Total 4y575 a8 1,004
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In order to obtzin some ides of the euse with which aquifers in the
velley fill yield water, two pumping tests were mude on well 20.27.20.143b,
one of the largeet wells drowing water from the valley fill. This well
wes drilled 177 feet deep &nd cesed with 3-inch cusing to = deptu of 1il9
feet. The water comes from & sendy conglomerate aquifer &t & deptn of
between 119 snd 107 feet. £ Ford V-3 engine powered by netursl gas
drives ¢ Pomons turbine pump by means of a V-belt system.

The first pumping test waz =nde on Merch 26, 1940. At that time the
wster wos discharged into a rectanguler stone-masonry diten. The static
woter-level messurement was token and the pump started at 3:00 m.m. During
the pumping period frequent messurements of the dischurge into the masonry
ditch were made with the sld of & current meter. No druwdown measurements
could be mrde, Mersureszents of the rate of recovery were made on the
vater level in the well for & short period after the well was shut down
at 3155 p.m.

The coefficient of transmissibility, which expresses the eese of
movement of water in &n squifer and is defined »¢ the number of gellons
of wuater thst will move in one day through & verticsl strip of the
aquifer i foot wlde under a unit hydr.ulic grazdient, can be determined
under proper experimental conditions fro- the rate of recovery of the wuter

level in & well thet hes been pumped. The formuls ig ns follows _/:

_/ Tneis, C. V., The rel.:tion between tne lowering of the piezometric sur-
face znd the rate and durstion of di:charge of & well using ground-wueter
stor:ze: Am. Geophyvs. Union Trans. LEth . NMeetin 22, 15




. in which
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T = (264 W¥') log ( /¢ )

T L8 the coefficlient of trucnumissibility

Q i= the rate of pumping in gellons = ainute
t i¢ the time since pumping started

t' is the time since pumping stopped

V' {68 the residuzl drawdown in feet

The followving trbles show the cets obtuined from the pumping tests
Recovery measurements end culculrtions
for well 22.27.20.143, Harch 26, 1940

Time pusmping starteds 9:00 s.m. Pumping rote, gslions & winute: 675
Time pumping stopped: 33155 p.a. Depth to static wuter level, feet: 50,02

1 Depth to : Time since ] Time since

Time wwater, feet:pumping started (t):pumping stopped (t.')s ﬁ_
: : (n1ea&s:l_.__s_._inlnn&sli_, Y

4303 p.m. 53.23 423 3 52.9
4105 52494 425 10 42.5
4310 52.65 430 15 28.65
4115 52442 435 20 21.75%
4320 52419 440 25 17.60
4325 52.02 ; 445 30 14483
4330 51.84 450 35 i 12.86
4135 51.70 455 40 11.37
4140 51,58 460 45 10.22
4145 51.50 465 50 9.30
5105 - 51,25 485 20 i 6,93

According to the formuls if the log of t/t' is plotted sgeinst the .'
water level 'in toe well, the points should fell in e straight line, und
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the slope of th line, together with the pumping rate, should indicate tie
trensmissibility of the formetion. The coefficient of trensmissibility
obteined from datu from the pumping test on Merch 26 was 56,100.

A second pumping test wes begun on Ceptember 15, 174%, in order to
chieck the results of the first pumping test zs the recovery measurements
were for sucn a short period thst the conclusions might well be in error.
At the time of the second pumping test the water was discherged 1nto'a
circular tank 115 feet in diameter end 6 {eet nigh. The static water-level
messurement wes mede end the pump started at 6:13 =.m. The rute of rise
of the water in the tunk wss measured for some time before the water was
relessed from the tank in order to obtuin tne dlschsrge rete. The pump
wag shut down et 6:13 n.m., September 16, 1941. Recovery messurements were
mede until 9:30 a.m., September 17, 1941. In eddition to vwater-level
messurements, varictions in atmospheric pressure were mensured by an
sneroid barometer.

The barometric efficiency of the well sppeared to be zbout 100 percent
for the time of the pumping test. All of the water-level messuremente were
corrected for berometric pressure effects. Figure 3 is a recovery curve
in which the corrected depth to water is plotted rgeinst the log of t/t'.

The pumping rete was determined tc be 515 gallons & minute. The
ratio, (log t/t')/v' is represented by the slope of tne recovery curve,
figure 3. Using the intervel betreen log (t/t')=10 snd 100, the value
for the ratio (log t/t')/v' wzs determined to be 1/2.23. The trensmissi-

bility was then calculszted to be €(,900.

Figure 3. Fec.very of woter level cfter pumping in Gibson well (20.27.20.143Db)
Sep, 16 - 17, 1941,
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Velle tapping solution psssages in the dense limestone congicomerstes
neer Dark Canyon are very productive. “uring & Z4-hour pumping test, well
22.26.}5.220 at the rirport produced 602 gullong & minute nitn'a dr&wdéwn
of 10.75 feet. As in wells tapplng solution pacsages in the limestone
in the Roswell Besin, the drawdewn in tuis well was not directly propor-
tional to the pumping rete. At pusping r=tes of 300, 400, snd 500 gullons
8 minute the respective drawdowns were 3.5, 5.25, and 7.6 feet. The
discharge in gallone & ~inute wus egual to 136 times the drawdown in feet
to the 0.629 power (4= 136D.629, in which ¢ is the dischaorge in gallone
¢ minute and D i3 the drawdown in feet). As far sg could be tolc by

mezsurements mude with en airline the water level returned 1nstnntaneéusly

to its originsl position when pumping ceunsed.

WATER 1IN THE CARLSBAD LINESTONE
Nuture of the aguifer
The Csrlisbed limestone is exposed in zncd extende over zli of La

Bsrrers del Guedslupe, the Ocotilio Eills, snd smeller hills fartner ncrth.
Neer the margin of the Delawsre bcein, benecth the surfece in the erew
considered in tois report, it interfingers with and overle; s upon tne
massive Copiten iimestone snich in turn grades below the surface into tue
Delg-are dountein group. In & northerly direction, away from the Deliowsre
besin, the Carlsbad limestone grudes into the upper part of the Chelk Bluff

formetion except for one persistent tongue, the Azotes tongue _/ of the

_/ Leng, W.B., The Permian fora tions of the Pecos Volley of New Kexico
and Texas: fm. Assoc, Petrol 0 sts Bull., v 2 . 863, 1937.

Carlsbed, which extends for some miloe into the back-reef sres.
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The Cerlsbad limestone is well bedded, & festure that distinguisnes
it from the Cupitan limestone. FWest of Carlsbad the beds renge from &
helf inch to 1 foot in thickness. Here the limestone is {ine-grained
and dolomitic. Farther to the south, in the Dark Canyon region, the
limestone is wuff-colored, coarse-grained, snd more massive in appearaﬁ?o.

The Chulk Bluff formstion is made up fdr the most part of gypsum and
red beds but contecins son§ persistent sandy zones that form useful marker
Beds. One of the most persicstent and extensive lgndotono beds is the
({ueen sandstone member, which extends into the Guadslupe Rountsins proper
end separntes the Carlsbed limestone froi the Gozt Ceep llneatono'(Dog
Cenyon limestone of former reports), wiich is the equivslent of the lower
paert of the Chalx Bluff.

Part of the rainfell end surisce drzinsge in the Guedalupe Houhtuinl
percolates downward into the Cerlsbed limestone, which is well exposed in
the Guadslupe Mounteins proper. Water moves eastward in the numerous
channels developed in the liwestone. It is possible also thzt some water
mey move into the Carlsbed limestcne from the Queen sandstone. This water
in pessing out of the limestone recharges the zcuifers in the Castile cnd
Fustler fors tions sand psrts of the velley fill., A part of the rainfall
may tlso percol:te downwerd in the fill in the Derk Cinyon drsin:ge eares
and move through the fill eastward snd recherge aguifers in the szme
menner =s the water in the limestone. Water oceurfing in the limestone
end the fill in Cark Csnyon is usuzlly hard bﬁt not otherwise highly

mineralized,
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Occurence of water

Most of the wells deriving water from the Carlahcdiline-tone are
located in VWest Carlsbad, & community just east of the Ocot;llo Hills
(f1g. 2). Domestic wells, usually drilled from 60 to 115 feet deep,
encounter the limestone from 15 to 50 feet below the surface. The
weter is found under slight pressure snd rises from 12 to 15 feet in
the wells. The numerous wells drilled in this locslity to the seme
relative depthe indicate the presence of & sone of considerable porosity
in the limestone. Other domestic vells deriving water from the limestone
ere located in 2 community two miles soutn of West Carlebad and encoun-
ter water under condi'fons similsr to those in West Cerlsbad. Although
most of the wells in and neer West Carlsbed are drilled to the water-
beering bed occurring between 50 and 115 feet below the surfuce, there is
evidence that there are other water-bearing beds below tuis one. An oil
test well, now used as sn irrigstion well, loczted in sec. 3, T. 22 5.,
R. 2€ E. encountered & second water st & depth of 320 feet in & cavity
25 feet ‘eep. The water rose in the well to zpproximately the came
level &5 the first mater, One of the wells furni hing the clty supply,
loceted =long the Couthern Canel on the west side of Carlsbad, went
througn the first water horizon in the limestone zt 170 feet, a seccnd at
151 feet, and = toird at 192 feet. HNeer Le Huerts, just north of Cerlebud,
the limestone interfingers with the Chalk Bluff formation, and wells
érilled in this locality have hit these limestone fingcfa «t depths of
8) feet, 130 feet, and 300 feet, obteining water st esch of these

levels,



All of the wells drilled into the Carlsbed limestone sre confined to
& rather narrow strip along the east edge of the Barrera and associnted

hills to the morth. This limited ares of developzent is controlled by the
' .ooiogic structure for the limestone dips sharply into the velley &nd »
withis  short distence is 3o deeply buried that the cost of drilling to
it is generally prohibitive. One of the deeper wells deriving vater from
the limestone, located in sec. 31, T. Z1 8., R. 27 E., encountered the
1iloctu. at o depth of 300 feet.

The piezometric surface, tbat is, the imsaginary surface showing the
level to -hich the water will rise in wells tapping & confined or artesian
aquifer, slopes gently from west to eest in the vicinity of West Carlsbud,
(See fig. 2,) The exact shupe of the piesometric surface could not be
determined becsuse most of the wells taepping the aquifer are lmtod' along
the strike of the surfece. The gentle slope of the pluontﬂc surface,
together with the results of the pumping test discussed on page 40 indi-
cates that water moves freely through the agquifer.

Irrigetion and munigcipal use
The four wells wich furnished water to the city of Carlsbed in 1939 -
were located near the Southern Censl on the west side of Carlsbad. (800

fig. 4.) These wells were from 150 to 237 feet deep and derived water from

wells )

the Carlsbad limestone. The combined output of these wells in 1939 was
about 2,000 gailonl & minute, the largest well being pumped at the rate
‘of about 850 ‘nllm &« minute, m the pumps were driven directly by

- slectric motors.
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After the mein body of data for this report was sssembled in 1939

and 1940 the City of Carlsbed purchused the water system and extended it.

Wells 1, 2, and 3, on which observations were made during u,pdlping test

discussed in the report, have been filled end other wells drilled. The

new wells, Nos, 6, 7, and 8, ere also shown .
wells producing in 1945 sere given below.

- Drilier's log of Well Ko. 4, City of Carlsbed.

12-inch casing to depth of 116 feet.)

figure. 4. The logs of the

(Drilled July 1935;

Depth

3

Surfece conglomerat®....ecocvecenacel
Gray gypoUMesccceceesosassssncsvscned
Yellow ' " (Good water flow).s..e..
hy . ('ater).....-....-....nl
SEnAdstonN@.cccscvssesssescssanescsssel
Yellow BJDBUMsscvessssssnsscerecccnet
Orﬂy ‘h‘ll"o‘ooo ----- seesesesscescnnseld
ony mm...."...'.....’.........‘
Grey sandstone - Sode (i.e. nlkali) :
L WAtOPseescsctsnrscnssnisnses oo, B
Gypsum and shal@cscccccccconcscsscasct
Hard limestone (bottom of casing)...:
sott ll..‘tm.............“‘.......‘
Shzle and limestone - Some sode 1
73 ) P R PR AP PPN
Blue limestone - Good flow of ratur.:
!.u” " n n L L] L .3
Blue limeston@....veveicsvcveccnscsel
3

18

rab

=BBE

§ JIARBI®IN

(e
o
-

t
H
 }
H
3
4
|
3
L
3
3
N
H
4
:
4
B
$
3
S
]
s

Driller's log of Well No. 6, City of Carlsbed.

cusing set at 120 feet,)

(Drilled December 1942;

: Thickness s Depth
i (feet) i (feet)
3 3
c.li‘fh.".....‘..'.........'........‘ 7 ' 7
Conglomerated rock. Tater st 33 3 :
f“t..............................l 31 3 38
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Mixture of sand and lime rock. H

Depth
(feet)

]
"

3

; 3
Water 8t 70 feet in sand......cceet 32 H 70
L’.-..mcka..lcoto.cot..'vo.-oooo-o'.‘ 10 ' m
Sh‘l...--.-o..-ooc.-.-ooooo..o.ooooo' 5 ‘ 85
s‘ndo..-.-oscoo.oo0!000.0.00.:00.000‘ 25 t 110
Li.’ mck.'.‘.‘.....li.........-I...: 13 ‘ u3
¥oter : : 128

3 3

Drillier's log of Well No. 7, City of Carlebed.

(Cnsing set nt 118 feet.)

Thickness

3 3 Depth

i (feet) : (feot)

3 $
BalIBNe. iaoas s bpavibatatiaddinevirmed 15 3 15
Clay and gravél.cccevecscecassccssan} 20 s 35
Boulders..cccooeececess Ao Bl o § AT 9.3 5 H 40
Gravel and 88l cscccssccescsnsossind 30 H 70
TELLIOW OLBY cobesnnvsconnsonasonasdnd 5 : 75
Gravel l‘-nd Ilnd.-.a.......'.........t “ B ll9
Yellow limeston@eceeceessscsccancoced 10 3 129
Gray limeston@ececesccccrsscasncscnss 14 3 143

3

Driller's log of ¥ell No. 2, City of Carlsbad,

(Drilled March 1744;

7-foot drawdown et 1200 grllions s minute; 10-foot drawdown at estimated
1700 gallons = minute; lower joint of pipe perfor:ted.)

t Thickness H Depth
3 {(feet) 3 (feet)
: 1 s
surf‘c.ooooooo-co.t.uooontooooooo-..‘ 1 ‘ l
Yellow Cl&Yeerecvcconnssscosasvesssol 19 L] 20
Sand and Erovel..c.csccscsccassescdaces 17 H 3
'at.r 'md...'....-....'I'..‘..I....' 3 ' w
Boulders Snt greve@.i.ssscccccescncsist 13 : 53
Sand and ‘ﬂ"lgo0-000000000000000003 43 H 96
clay..‘.....l.ll'.....'........l.'..' L ‘ 100
Wnter sund and gravel..cvecscessesved 15 s 115
Lime - lots of weter (?)...covceescat 3 3 118
or".l-‘.....ocoootoooolc'o.ooc.oo..' 1 H u9
Id.l.-'tte!'...u.............-...-.8 6 : 125
Lime and gravel.cos.ecceccicivoncaced 10 3 135
Yellow clay and grovel.ee..ccesccoced 17 : 152
]

aotm of hOI.ocoo.-.- vescsbssennnte

1529w




" Wells 4 snd 6 definitely obtein weter in tbe Uarlsbad lﬁntono :
thorcn Well 2 obtains i%s water in Quu'nury ‘ravola. Without much
ﬂoum the site of the wells lies &t the edge of an old ohumd o!‘ th.

Pooon River. This pocsition rc).atin to the old channol nuuuto thl

'probamny that water u drswn in part tm the Cer)ebad 11;..001.001 snd

in pert from the weter of mueh poorer quality im the alluvial deposits
of the Pecos Valley. : A e

Tixo aversge pumpage for the year 1944 wes slightly over 2 million
gollone & dsy. The maximum vdnn.y pumpage -’h 3.858 million .uuqn.

37
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In 193G there were eight irrigetion wells locuted in Heckberry Draw
and one north of the Draw that derived water fromz tue Carlsbad limestone.

These wells heve fairly lsrge ylelds. The Marquees well (2:.26.11.223) _/,

_/ ﬁelk numbers represent the locution of the well. [or description of
method of numbering see p:ge 5.

is pumped at the rate of 1,000 gullons a minute, the Stephenson well

(22.26.14.213), at the reported razte of 1,000 gellons e sinute, and the
Taylor well (22.26.11.143), &t the rate of 1,630 gnllons & minute. The
largest yield is obtuined from the Happy Velley Farms well (2:.26.3.232),
which is pumped at the rute of 2,000 gallone & minute. although no draw-
down meesurements can be made on the wells at the present time, only small
drewdowns were reported st the time the pumps were installed. The esti-
msted amount of water pumped annuelly from the aqguifers in the Carlsbad
limestone is shown in the following tsble. The duty of water for Happy
Velley Farms was cealculwted from the record of the aumber of hours the
well wes pumped. The auty of weter for the 5. A. Tasylor farm wse besed
upon the ferm operstor's estimnte of the number of hours it toox to irri-
gete the ferm land for one watering and the number of times it was irri-
zoted in the year 1932. The duty of water for other farms wus estimuted
from the estimetes of the duty of water for Happy Velley Farms and the

Se Ae Taylor fara.



Estimzted pumpsge from squilers in Cerlsbad limestone, 1939

H H H H ¢ Duty of :
Yell number : Owner 3 Pumping rate Use ¢ dicres : vwater : Annusli puwpsge
: H g : irrigeted : Acre-feet :
3 : Gallons ¢ minute : ! :_per scre :  ‘cre-feet
3 s H 3 3
27.26.3.232 1 Happy Valley Parms : 1/ 1,500 ¢t Irrigation 3 275 : 2/ 1.37 : 517
22.26.11.221 : T. Merquess : 1,000 : Irrigetion : 65 : 3/ 1.80 118
22.26.11.,121 : 8. A. Tsylor : 725 : Irrigation : 60 3 4/ 175 195
22.26,11,143 : S. A. Teylor : 1,630 : Irrigation : 86 : &/ 175 3 151
22.26.14.213 : H. E, Stephenson : 1/ 1,000 : Irrigetion : 100. .3/ 1.80 181
21.26.35.432 : Dickson +3f 850 : Irrigation : 57 ¢, 3/ 180 - 103
22.26.1.233 . Southwestern Public : : Public Sup-: 3 :
: Service Compeny 2,000 :  ply 3 : 3 921
: Several smell furms : : 3 3 H
: 1in West Csrlsbed : 3/ 2,200 : Irrigetion : 3/ 90 : 3/ 1.30 : 162
: Domestic wells in 3 : : :
: snri near West H : : : :
:  Carlebed : 3/ 750 : Domestic : : 230
Total 3 H 11,655 : 3 733 H 2,438
H : : 3 H
1/ Reported pumping rate.
2/ Figure obteined from record of number of hours pumped.
3/ Estimuted.
4/ Figure obtsined from operator of farm.

6€
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The estimated nversge clscharge throughout the yeer from sll. pumps
drawing water from the Carlsbed limestone was rbout 4 second-feet, or
2,534,000 gallone ¢ dey in 1939. However, the arximum rate of withdrawal
oecurs during the sumamer months snd may be as high ss 26 second-feet (11,670
gellons = wminute or 16,300,000 gaullons & day) wheén =1l of the vells sre

opercting simultaneously.

Pumping tests

On October 29, /1739, & pumping test wes msde on well 4 of the munici-
pel wells. Prior to sterting the test, «ll the pumps were shut cown for
e period of 1} hours while recovery meesurements were made in the water
levels in wells 1, 3, and 4. Becruse of the limited stornge in the
waler tsnks snd the heavy demand for water, the pumps could not be shut
down for a longer period. At 3:.7 p.m. the pump on welli 4 was started,
end druwdown messurements were mude on the three wells ebout every 30
minutes during the period of pumping. A water meter in the discharge
pipe of well 4, resd nt the beginning und end of the pumping period,
indicated an aversge pumping rate of 333 gellons & minute. At 3:15 p.n.
the pump was shut down, after which recovery me.surements were msde until
1J:00 pen.

The griuphs of the water levels im the three wells throughout the test

sre shown infigurce 5, The water level in the well being pumped (No. 4)

Figure 5. Hydrogrspas of municipai wells during pumping test of Well 4,
October 29, 1941, :

dropped practicully instanteneously to & fairly constent position. The

glight decrease in drawdown wes due to & decresase in the discherge csused
by the incressing hesd sgainst wihich the water nes being pumped as the

storage tunks were filled.
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In the other two wells (Nos. 1 and 3) the wseter levele slso dropped
elmost instanteneously when pum; ing begen--ebout 0.5 foot in the near well
end a2bout .05 foot in the far well. W%When the pump on well 4 wss stopped,
the water levels in sll 3 wells rose ﬁracticaily ingtantaneously cbout as
mnch £2 they fell at the beginning of pumping. However, during the period
of pumping, the water levels in wells 1 #nd 3 fell greduslly a few hun-
dredthe of & foot, und the weter levels in &ll 3 wells were & few hun-
dredths of & foot lower sfter the test thun before. 4s the water levels
in the wells continued to deciine efter the pump hed stopped, the graduel
decline in wells 1 and 3 during the test und the difference in level in
the three wells before znd after the test were doubtless cuused by changes
in atmospheriec pressure. :

The specific cepacity of well 4 was 275 gallons & minute for each
foot of drawdown. Such & high value indicates grest emse of movement of
the unter through the limestone. The practicully instentaneous drawdown
1n sll ttho wells shows #lso great ease of movement =znd suggests further

that the aquirer contains no very compressible members. Figure & shows e

étguro ©. . Fluctstions of water level in well 1 of municipel weter plent,

Carlsbed, N, Mex., coused by pumping nearby wells.

pert of the record obtzined from a water-stege recorder installed on well 1

frbc the latter part or.Docenbor 1939 to March 1940. It shows that the
weter lévei in well 1 adrges wnen the pump on well 4 li stopped, rising
sbout 0.2 foot above ite equillbrium position. Sﬁcb en effect is
unconnﬁn in nélls and indicates thst the movement of the water in the

limestone is so free that the water attsins en appreciable momentum. The
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freedom of movement indicates rather clesrly that the water moves through
the limestone in feirly open chsnnels.

The coefficient of trensmissibility (see pege 28) cen usually be
obtuined from pumping test date in severel waye. The rate of {ull of
weter levels in obaerwutlon-wells near pumped wells and the rute of
recovery of the wuter level in & well sfter it hes been pumped can

usuelly be used _/. These methods could not be used in the present

_/ Taeis, C.V., The relution between the lowering of the piezometric

surface sand tne rate mnd durstion of dischsrge of - well using ground-

wnter storsze: Am. Geophys. Union Trens. 16th Ann. Meeting, p. 522, 1935.
Jucob, C.E., On the flow of weter in sn elestic srtesien aquifer: Am.

Geophys. Union Trans. 2lst inn. Meeting, p. 574, 1340,

case becnuse tne drewdosn «nd recovery were so nesrly instentaneous that

they could not be mensured. However, the dste show thet the coefficient
of trsnsmissibility 1s very large.
fnother method of ascertuining the coefficlent of transmiesibility

15 that xnown as Thiem's method _/, which utilizes the difference in

_/ Venzel, L.K., The Thiem metnod for determining perwecbili’y of ‘ater-
besring muterisls: U.S. Geol. Survey Water-Supply Paper €79-4, p. 10, 1936.

drewdowns in wells nesr the puzped well. The theory of this methnod, like

thut of the other methods, presupposes thet tne water can move with equal
ense in ever, direction and in every plece in the aquifer in the vicinity
of the pumped well. Ideelly, there #hould be = considerasble nuubef of
observstion wells in order to determine to whst extent this condition is
fulfilled., In this test only two observatlon weils were sveilable, and
these were, unfortunstely, not in line with the puwped well. However,

a8 this method is the opnly one avenllable, the dats were used tc compute
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The Thiem formuls _/ is se follows:

Venzel, L.X., ov. cit v 105

T =_527.7G log T2 /TL
(B; - hy

T = trunemisaibility

Q = discharge, gullons a minute

r; &nd rp = distunce of observation wells from
pusped well, in feet

by &nd hy = drawdown in observation weils, in
feet :

in which,

"

In the Carlsbad pumping test the distsnce from the pumped well to
well 1 was 125 feet =nd the drewdown in thst well was .43 foot. The
distsnce to well 3 was 290 feet snd the drawdosn in it was .055 foot.

The pumping rate wes 835 gullons & minute. Substituticg these v:lues
in the ecuation, the coefficient of tr:nsmissibility is determined as
422,000, This is & high velue and checks well with the high specifiec
cepecities observed snd the other test data. 1t is indicated that this
aquifler prcbebly cerries water more essily at this locality than any
other known equifer in New Mexico with the probeble exception of some
parts of the artesizn acuifer in tne Foswell Basin.

Figure & is & reproduction of the record obt:ined on February 4 snd
5 1940{ from the recorder installed on well 1 of the Southwestern Publié
Service Compeny. The sharp fluctu:tions thut are et once obcerved are
due to the st;rting and stopping of the pumps on wells 2, 3 =nd 4. The
largest flucfation is due to well 4 being pumped; =s the nump is set to
shut down cutomaticslly when the weter level in the storage tonks resches
& certein height, numerous fluctations result. The drawdomm aqd the

recovery of weter level take place nlmost instantuneously. The chart
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also shows thet a-purgc ocours ut the boginniﬁz of both drewdown and
recovery., The drawdown is prectically constent, altuough (es pointed
out in the disecussion of the pumping test, page 40) the water level
rises slizhtly during the punéiné period, The similar fluctuations on a
much smuller scele are ceused py,yoll 3, which is pquod elmost con-
stantly, dnd well 2, which 1@ occssionally used.

Another type of fluctustion, which 1s not sherp but quite variable
in nature, is auo’to’fluctuations in atmospheric pressure acting on thi
_water in the wells, Thi lﬁgnltﬁdo'of the fluctustions of the water lesvel
in a well dﬁo'to variations in atmospheric pressure depends upon the
nature of the aquifer snd thétdlstanco of the well from the discharge or
recharge eres, Wells in an artesian or confined aquifer ect as nanonoto;l
end respond to changes in atmospheric pressure. The barometric afficiency
of ‘a well is the retlo of the fluctustlon of the water level produced in
it by changes in atmospheric pressure to the equlvaleat veristion of the
atmospheric pressure as it would be expressed in a water berometer. Well
1 oi .ae Southwestern Public Service Company hes & barometric of:icioncy
of Lbout 40 percent. Wells in limestone aquifgra commonly havo barometric
efficiencies approaching 1CO percent, The devietion from 100 percent in
the §ity wells is doubtless due to their proximity to the valley fill :

deposits of the Pecos River.
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Records of the depth to water in well 1 of the Southwestern Public
Service Company, kept since 1935, show that & fluctuction of about 3 feet
occurs annually. The high-water level occurs generslly in February, and

the low-water level generaliy in Octcober.

Quality of water

As shiown in a teble in the sppendix, the uppermost water found in -
the limestone 18 somewhat herd but not highly minerali:ed. The hafdncaa
is calculsted oo eguivalent calcium carbonate and is determined by
uui@iplying the celcium content of the wster by 2.5 and the magnesium
" content by 4.l and adding the results. A typical water found in this
area is represented by thet in well 21,26,35.234, which has a hardness
of 651, a chloride content of 14%, & blcarbonute content of 266, und &
sulphute content of 336 parts per million. Water in the aquifers lower
in the formation is spt to b.‘morc kighly hinornllaod,,na snown by the
apulysis of the water from the oil test well (2;.26.3.?32). The
HcKinney well (22.26.1,122), which is located near ‘the Southern canal
end {s poorly cused, cllows water from the canal to seep into the well,

thus agcounting for the hign minercl content of the water,
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Sources of wuater in Carlsbad Springe

The Carlsbad spring area is comprised of & group of springs emerging
elong the bunks and in the charnel of the Pecos River from Tensill Dam,
east of fho city, to alightly beyond Carlsbad Spring, =bout 27 miles upstream
from the dem. During s lerge puort of the year the river cuunnel is practi-
¢rlly dry between Leke iAvalon and the sprlné eres, The stream gaging statlon
st the Creen Street bridge below the dem, operated by tue Burenu of Recla-
mution end, since 1937, by the Geologicul Survey, messures the spring flow
st such times of the year. Between Februsry 1940 ond Janusry 1, 1941, &
geging stution was opersted by the Surfuce Water Division of the Ceologicel
Survey just cbove the spring nrea so that the spring flow could be deter-
mined throughout the yesr. The low-water flow pzst the (roen Ctreet bridge
g=ging ststion, which represents the aspring f{low, nﬁpoars to heve fluctusted
slowly over = period of yenrs between ‘0 and %0 second-feet (between 32
and 52 million gullons = day). During the period of operation of the gaging
station mbove the spring area, the flow of the springs appenred to vary
_between 52 znd 63 second-{eet (between 34 and 44 milliion g:ullons = day).

ks showm 1in figure 2, tne plezometric surfece in West Carlsbed, in
the arez in which wells have been drilled in the Carlsbad limestone, slopes
toward the Csrlsbad spring srea in 2 northeastwerd direction end therefore
showg that the water in tie Carlsbsd limestone is moving towerd the spring
srea, Unfortunstely there u«re nc wells in the Carlaﬁud limestone between
the city wells and lhe spring ares, and nence the flow cennot be definitely
shown to be intc the springs. However, &8s there &re nc other asrets of
'lurge incresse of flow in the Pecos River in the vicinity snd appurently

no other possible loculities of dischsrge for the water in the Carlsbed
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limestone, the locelity of netursal discharge for the water in the limestone
is doubtless the spring rree.

The plezometric surfece where it is known slopes at o rate of szbout
2 feet to the mile. The coefiicient of trunsmissibliity iz of the order
of 400,000, If thie lust vslue is spproximstely correct, sbout 202,000
gellons of water a day move through esch mile of tne limestone. At this
rate it would teke a section of the limesione =bout 40 miles long to
truncuit th?ﬁninluu- discharge in the spring erea. Even if the coefficient
of trensmissibility is considerzbly Iarger than indicsted by the pumping
test, 1t i unlikely that ell the weter emerging in the spring srea cen
be delivered to the springs through the limestone, and it cppesars that
there must be unother source for part of the water dischsrged in the
spring eres.

Aguin, the water emerging in tne Carlsbad spring ures is more nighly
miner=zlized than thal found in the vells in the limestone. The zversge
r.inersl contents snown by the cnalyses of water from wells in the Curlsbec
limestone sre about 157 parts per million of celcium, 63 perts of magnesium,
266 perts of bicarbonnte, 352 paris of sulphete, snd 173 perts of chioride.
The specific conductuagce indicztes en ~versge content of totsl dissolved
solids of zbout 975 perts per million. £ table in the zppendix gives
analyses of various sources of water in tuhe Carlsbud spring sres :nd
indicates s discherge in thit ares of water much more nighly uineralizc#
than thst found in the wells in the Cerlsbsd limestone.

The averzge mineral content}of the water of the combined spring {low
wts determined from snalyses of water samples collected duaily at the

Green Street bridge gaging st:tion by the Quslity of Water Division of
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the U, 5. Geological Survey for the period October 1, 1723, to September
30, 1940. Analyses of samples collected when there was en appreciecble
inflow sbove the spring aica were elizinated from the celculations. The
average water passing the gaging stetion for the wuter year 1940 during
the periods when the entire flow wus probzbly derived from tne aprings
contzined about 400 parts per miliion calcium, 143 purts per million
magnesium, 1366 parts per million sulphate, 579 parts per million chloride,
and 3142 parts per million totuzl solids. These averzges are in line with
the averzge constitutents ziven in the sznslyses of individuzl sources.
The fact that the water issuing from the springs is -u#h more highly
minerslized thsn thet from wells in the limestone indicates thatrwater
more highly mineralized than the spring water is commingling with the
wntorAcouing in from tne west in the Carlsbed limestone.

The two directions from which more ulghly minerszlized sater may be
moving into the spring sree are the east und north. OGOround water east of
the Pecos fiver occurs principelly in the limestone of the Rustler forms-
tion. The yield of water obteined from it is usually so sa=1ll that weter
coming In from the esst can probably be climincted &s a mzjor source of
the vore highly minerslized weter. To the nortn there &re three probable

- sources of the highly sineralized water; namely, leakage from Lake Avslon,

- leakage from the canal system on the left benk of the Pecos River, and
return {low frou the irrigsted lunds in Le Huerts., The relztionchips of
these different sources to the spring flow have been discussed in wnother

publication _/. 4 brief discussion of these various sources contrituting

42jhatibna1faosoarcas Plenning Board, The Pecos Eiver Joint Investigetion,
Heports oi tue perticipsting zgencies =62, 1942,
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water to the Carlsbad springs will be'preacn{ed nere. The conclusions
stated sre those of the report of the Pecos Hiver Joint Investigsation.
Although it hud been recognized thut there is some leskage f{rom Lake

Avalon _/, it wes not until R. L. Lowry mede s study of the svailable

_/ Meinzer, O, E., Reniek, B. C., and Bryen, Kirk, Geology of No. 3
reservoir site of the Carlsbed irrigation project: U. &. Geol. Survey

Water-Su: ply Psper 580, p. 23, 1726,

discharge records of tbe-inflou end outfiow ut Leke Avelon during the

course of the Pecos River Joint Investig tion th:t it wes suspected that
the leaksge wes large in zmount.

The inflow into Leke Avalon is measured at the gunging stetion st
Reservoir Site No. 3, not far frbm the head of Luke Avalon. The outflow
into the Msin Conel 1s mensured st the head of the cenel. In Februury
1940 e peging ststion was installed in the river chinnel just below
Loke Avalorn to measure the spill from Lake Avelon. With the instslla-
tion of tne chsnnel stztion below tne dem 2 contimuous record of reservoir
losses was obteineble.

The comput:=tions of leakage from Lake Avualon mude in the report of
the Pecos River Joiﬁt Investig:tion covered the period from Februery 6,
1943, to August 31, 1940, the last records avalilable st the time the
report was preparea. In addition an old capcity curve for Luke Avalon,
computed for conditions in 1907, was used. Since preperation of that
report stresm-flow records to Decewber 31, 1940, hove become available
end & new capacity curve reflecting present conditions in tue reservoir
has been completed. The present computations using the longer record
and new capecity curve follow the methods described in the previous report

and the qusntities arrived vt are not essentially different.



The deily lesksge from Lake Avnlon was computed ss the inflow of thne
Pecos River sas measured st Reservolr cite No. 3, minus the measured discharge
from Avulon reseérvoir into the stress and into thé’can@l, minus the esti-
wzted eveporation, a n;nor quantity, and plus the loss of storage or ainus
the gein in storsge. Days in which reinfsll occurred were ot considered
beciuse the direct run-off into Lake Avalon could not be determined, Days
in which the flow into the reservoir cioqed.d 400 second-feet were nlso
not considered inasmuch se the rsting curve for the gaging etation was noik_
well defined for such flows. A\ \\g

?igure7 is » plot of the uverage letksge over tro-tay periocds agiingt

the nverage gage height during toe respective periods. It will be noted
Y:
thet the srrowed lines joining consecutive points show, in genersl, a zig- |

Yty |

sag pattern. Thié cttern {8 due to smsll inherent errors in reading the t%;
gege height rhich mske signiftennt errors in the computed leuk;go; but ?
such errors sre compenscted in succceding perlods. Criss-crossing of the ﬁ ;
lines scross the mean position of the points indicates such belancing of \;
errors, The heavy line drawn through the mesn position of ghe points is Ri

in eoffect » rating curve for leskage from the reservoir.

By the spplicetion of the rating curve shown in figure 7 to the
record of gsge height in the reservoir, it is computed thet the average
lesksge from Lake ivalon in the water year ending September 30, 1940, was
27 second-feet (17,500,000 gallons & dsy). The szount computed from the
reting curve published in the report of the Pecos Hivef Jo1nt Investigation,

besed on the shorter periocd of record, was /G second-feet.

Leskage from the Main Csnal Letween the intrke at Lake Avelon and the

flume scross the Pecos ne:r the Cerlsbed Spring sres wes computed s the

Pigure 7. Relation between leaksge snd gage height at Lake Avelion,
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inflow into the Main Cenal, =inus the discharge =t the flume, minus
diversions and loss by evaporstion. The loss in the Fast Cansl end
letersls wes computed 4«8 the discherge at the head of the canal, minus
the waste at the lower end of the cenal, minue diversions to the land.
The totsl leskage in the canal systenm smounted to about 20 second-feet
(17,900,700 gellons & dey) in the water year ending September 30, 1940.
in estimeated 1 second-foot wa3 returned to the spring sres from the
irrigeted lsnds. These quentities are those given in the report of the
Pecos River Joint Investigation.

The totrl leskage from Lake Avalon and the cunels, =nd the return
from the faralande in La lHuerta during the water yeur ending September
30, 1940, appesrs, therelore, to zmount to =bout 48 second-feet (31,000,000
gsllons o day). 4is the average flow of the Carlsbsd springs smounted to
sbout 60 second-feet (34,750,000 gellons & dey) during the period, it is
indicated that the ground-water {low to the springs through the limestone
to the west of Carlsbed probsbly emounted to 12 seconz-feet (7,750,000
gellons a day) or about 20 percent of the flow,

If the computztions of the quantities of water from the various
sources mwuking up the spring flow ere sufiiciently accurste, the chemicsl
content of the water emerging im the springs should repres-nt‘thc mixture
of the chemical constituents of the various source waters in théir reepec-
tive proportions except as leackage water mzy be modified in the passage
underground, Such s comgrrison wes made between the source weters and
the weters emerging in the Carlsbed springs in the Pecoec Eiver Joint

Investigntion. The averzge chemical composition of the water in the
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Carlsbad lizmestone was obtained by aversging the znalyees [from several
samples of water collected from wells deriving water from the Carlsbad
limestoneé. The average composition of tho'water lesking frog Lake Avalon
end the esnals wes obtslned by veighting the anslyses aveilabtle from
Februsry 11, 1939, to Febrausry 10, 1940, sccording to the rete of leskage
from Lake Avelon and the censls. The sversge composition of this weter
in the river above the spring ares was assumed to be similer to the one
available snzlysis of a water saaple winlch was collected on Februsry 19,
1940. The aversge composition of the water in the Carlsbsd springs wes de-
termined by weighting the snulyses of weter samples collected during
the water year ending September 30, 1940, sccording to the time interval
represented by eech semple. About 1 seconu-foot is coming in &s return
flow frow the fsrmlends of Le Huerta. The composition of this water was
sssumed to be the same cu the spring water znd 1z not shown in the txble.
The sversge composition of the wuter from the vearious sources, the
observed composition of the water from the Carlsbad epring sres, and its
COaputed composition as u mixture of tue other waters in the proportions
indicated, are shown in the following tabie. The vslues given ere not
eosentislly cifferent from those previously given in the report of the

Pecos River Joint Investigetion.



Comparison of averzge chemical content of weter in Carisbad springs und in the severe. evparent sources.

H : Leakage : Leskoge : Inflow above :___ River be;ow Ca;'_l,ghad 8p hﬂ
s Carlsbed : from 3 from : Carlsbead : Percent !
3 1 t ke Ave 3 snuls 3 i _Srror
: "t 3 3 3 ' 3 :
Estimated ) $ 3 3 3 H :
discharge 3 3 : 3 3 :
(second-feet) : 12 : 27 : 20 1.8 : : 6l.83 ;.
H 3 3 3 3 % i
s H H t 3 : H
Chemicxl content @ 2 H g 3 2 3
parts per million 3 : : : : : :
: . : . : H : :
Celcium 1 157 : 562 397 838. "t  ..592 v RS i 200 .. ;. " ¥A8T
: : $ 3 3 ¢ $
Megnesium : 63 3 A37 : 130 ¢+ 212 : 122 : 243 =3 -14.7
3 : . : : H ¢ :
Sulphate L 342 $ 1775 : 163, 0 2114 P14 ¢ 1366 : + 79
: : H : H . M
Cnloride 3 193 : 662 DRI 7« N ol T e V1 3. 873 3 8§79 %t - 1.0
H . H 31 . H .
Totul solids : 975 : 3349 i 3732 4810 s 327 € BUAS. NS ¥ Aed
3 H 3 : 3 3 ¢
3 H 2 H § 3 §

€S
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tentiel of water su Kest C

The populeted cre: immediately west of the city limits of Carlsbad
has no sewer gystem and contuins numerous privies and cesspools. The
11l which overlies the Cirlsbad limestone and from which the domestic
water supply is derived varies in thil-'tmess from 10 to 60 feet. The top
10 or 15 feet i =rde up of celiche, snd the lower pert i: made up of
conglomerste, gravel end buff clay. The cesspools are dug into the caliche
and generally do not penetrate below it., No shsllow body of water  czurs
in this locality above the limestone except that nesr the eastern side of
the community. This body of ground water is fed by seepsge from the
Southern Casnal. As the water in the limestone is encountered under 10 or
15 feet of nrtesisn pressure, tne limestone itself must be precticzlly
impermenble, but there may locelly be joints or cavities in it through
which upper water mey percolete down to the s uifer. Furiher, it is
pessible thut weter from the privies #nd cesspools may move laterzlly to
the walls of the domestic wells, which are generslly cased oniy down to
the limestcone, no attempt being made to obtsnin & water-tight shutoff.
Thue water acving loterslly to the walls of the wells mey flow down the
walls of the wells into the drinking water.

Rater semples were collected from seversl wells in this locality in
October snd November 1939 snd sent to the State Public Healtu Leboratory
et Albucuercue, K. Mex., for bacteriasl rnalysis. HNone of the analyzed
aahplos showed B. coll, the indicestor of animsl excrets, including humen,
cewage. Later, in Iﬁreh 1940, uranine, which is & harmless dye, wes intro-

duced in*- 58 meny cesspools and privies in this locality =s poasiplc.
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This dye is red when concentrsted but in week solutlons hss & greenish
color, which can be easily seen in concentr:tions of 1 pert per miliion
parts of water. One guarter of & pound of dye was mixed with 2} gallons
of water and put in each privy or cesspool. iHouseholders were urged to
report any coloring thet they observed in the drinking water. No reports
of sany coloring of the weter were received by the Health Department on/
by the United Stetes Geologlcel Survey.

On the bssis of thie evidence 1t is concluded that contsminztion of
the reter supply in Vest Carlsbad wes not teking place st the time of the
investigation; however, the dsnger always exists. Wells should be properly
cesed dosn into the Limestone, und = water-tignt ceel ahould be obtuined
nt the casing seet. Sempling of the water in this locslity should be

carried on verlodicelly for « check on conditions.

wATEF IN OTHER FORMATIONS
Rustler formation

The Rustler formetion, of Permizn nge, tnkes Llts nume frowm the type
section in the Rustler hills in Culbertson County, Tex., where the forma-
tion iz made up of limestones snd sendstones. It chsanges in character
ferther nortn snd near Carisb:d is composed of gypsum ond red beds with
one persistent bed of limestone neer the middle of the section. The best
outcrops of the fustler occur in the line of foothills perszllel to the
Barrers, The iimestone exposed in the Frontier hills is from 20 to 100
feet thick, but farther north erosion snd grzdetion have left only
scattered remnants of the limestone from 5 to & feet thick. Eastrard

from these foothills tne limestohe grodes lorgely into gypsum, leaving
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only thin beds of lLimestone which mey be seen in outcrops slong Bleck
River and in some of the small nills surrounded by the vulley f1ll. A
series of ulterncting gypsum and red bedc is exposed in a 14-foot deep
drsin ditch which runs southward south of Loving into Black River., These
gypsuzm znd red beds heve been greatly distorted and lie zlmost in &
verticusl position in some places. These beds sre probubly Fustler, «s
Rustler iimestone i: found ot abou' the seme elevetion sbout 5.7 mile
irom these exposures, but thne limestone is sc werped that it could not
be determined whether it overlies or underlies the gypsum and red beds
exposed in the ditch. The entire Rustler formntion in this rrea is
warped #nd {nulted becsuse of the solution that h=s taken place in the
lower Rustler snd formations below.

The key-bed for the Rustler formstion in the vicinity of Curisbad
is the essily recognized fine-gr:ined, dolomitic, limestune. ¥ithout
this merker it is difficult to identify the numercus gypsum mnd red beds
in the section. Erosion nss removed most of the beds rbove the limestone.
The formetion has z gzeneral easstward dip, but locally tne numerous sinka
developed in the forz tion give irise to dips in every direction.

Water is found in the limestone und in some of the solution peassuges
developed in the gypsu: beds of the Rustler forz.tlon. Water mey pess
out of the limestone into the gypsum beds or the fill ebove, but the thick
red beds in the section are practicslly impervious. The recherge area
for water occurring in the Rustler is probsbly slong the hills psrallel
to the Barrera end along the limestone sdjacent to the fill in

Der« Canyon Arroyo.



57

Most of the welles drilled west of Dark Csnyon Arroyc &nd esst of the
Burrera in tne Fustler formstion sre dry. This indicetes, as might be
expected, thut there 1s not much water moving eastward {rom the Burrers
torough the Cratile snd Seledo formstions into the Rustler formztion.
Fostwerd from Daraz Canyon Arroyo water occurs in gome beds of the Hustler
formntion. One aquifer occurs in the gypsum bed immedictely overlying the
Salado 2nd in close szssocietion mith it. Nesr the Pecos River the water
in the nucuifer is & strong brine ss sbown by a2 test well drilled in sec.
24, Te 24 S, Re 72 E, thst encountered & water auving 134,000 parts per

million chlorlide end n specific grevity of 1.175 _/. According to the

_/ Kobinson, T. ¥. and Lang, V. B., Geoloygy =nd ground-water conditions
of the Pecos Fiver Vulley in the vicinity of Laguns Grunde de le Sul,
N. Mex., with specicl reference to the sclt cohntent of the river water:

N. Mex. State Eng., 12tn end 13t Bienn, Fept., p. 89, 1933,

reports of locecl farmers, some wells drilled west of the Pecos River and

just north of Blsck River encountered =« wcai brine in the Hustler forme-

tion. This horizon is probubly 2 continuction of the brine horizen in

the Rustler formstion near the Pecos River., It muy continue west to

Pzrk Cznyon iArroyo, where near the recharge area the weater may conte=in

less salt in solution, but there are no wells thet would demonstrate this.
vater 15 elgo probubly found in the limestone member of the Hustler

formstion eest of Larx Conyon Arroyd A well loceted in sec. 15, T. 23 S.,

R. 26 E. encountered weter in & limentone nt & depth of 320 feet, the

woeter rising 4R feet in the well, Becruse no log of the well is svaileble,

there ie « possibility that the limestone aguifer mcy be one o the
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(uaternzry limestone conglomer:ztes but the depth cf the well suggests
thet the acujifer lies below the (ueternary.

In most of the ures, the Fustler formation hes been stripped off
down tc the lLimestone, snd tne valley fill commorly reste directly on
the limestone. As & consecuence ground water may p=ss out of the iiwme-
stone into the fill in some plsces und from the fill into the limestone
in others. The limestone zppsrentiy grades into gypsum to the esst in
gome psrts of the sres., A well dril.ied in the RW;SW;SW; sec. 35, T. 22 5.,
P. 26 E. to 2 depth of 300 feet encountered limestone st 70 feet, passed
out of tne limestone at 77 feet into 20 feet of cl:y znc¢ then went into
gypsum. No water wss encountered. Fells drilied in sees., 7, 3, 17, and
13 to ¢ depth of about 300 feet went througi & lurge zmount of gypsum
end enccuntered no weter., Thus it wppears that unless limestone stringers
sre encountered below the saturstion zone, dry holee will result, with
the exception of the brine encountered in gypsum st the base of the
Rustler forrmztion in some parts of the ares. However, as few wells heve
been drillec in thls sres, too little information is ¢t hsnd to reach
sny definite conclusions. As shosn in the table of enelyses in the
sppendix, the water obtzined from the one well believed to obtein water
from the limestone member is too low in sulphste to hove paessed tLbrough
extensive gypsum beds, thus indicating further thst no epprecicble smount
of weter passes from the Burrera thnrough the Castile #nd Sslado formetions
into the Rustler formetion. This points to the fill of Dark Cenyon irroyo
us the chief source of wrnter found in tue Rustler for=mstion. is the

water moves eestward through the limestone and fill wsaterisl, undesirable
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sulphete snd other minerals are picked up in solution until in the farm-
lend ares somewhnt farther west the water ig undesirable for drinring. In
eddition, highly minerclized water percoleting downwsra from the farmlenas

end cunals in the farmed cres commingles with the vater from the west.,

Selsado foruetion

The Se=lsdo formstion _/ of Permisn age, sometimes referred to as the

_/ Leng, %. B., Uprer Permian formetion of Deleware Busin of Texas and
New Mexico: Am. Assoc. Petroleum Geologists Bull., vol. 19, pp. 2€2-270,
1935.

Leng, W. B., Suledo form-tion of the Permisn Besin: Axz. Assoc. Petro-
leum Geologists Bull,, vel. 23, no, 10, 1939,

"Upper Castile", rests upon the Castile form tion ("Lower Cestile") snd is
overlsin by the Rustler formsticn. The bulx of the Scledo is mede up of
stratified beds of h:lite (common sslt) with included beds of anhydrite.
Bede of potesh occur throughout the Seledo section, the richer beds
occurring in the upper puart of the formation.

Rutner extensive beds of gyvsum outcrop in upper Hackberry Drsw and
slong the face of the Bsrrera between the Barrers vnd the Frontier hills
end sssocinted hills to the north. The gypsum in Hackberry Lraw cppeurs
to be too high stratigruphicrlly to be Csstile, snd it muy be the ejuive-
lent of the Szlsdo halite farther esst, clthough it is ejguelly possible
thet it represents the lower part of the Rustler. Some of the gypsum
betwveen tnhe Barrer: snd the Frontier hills may be of Selado age, but most
of the deposit sppeers to be Castile.

¥ater hes never been found in the huzlite beds of the Sulado, 2nd any

vater coming in contsct with the salt would soon become hignly saline.
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Water occurs spersely in chaznnels in the snhydrite znd in the snltered
anhydrite in the outerop crea, where it is sometimes used to water stock,
even though highly cherged with sulph:-tes. Flsewhere the water is too
highly minertzlized to be suitable for stock or domestic use, The thick
red beds occurring in the lower Fustler do not ailow much water to
percolste downwaerd from the Rustler limestone or the vulley fill, It is
therefore inudvisable to drill into the Silado forw:-tion in search of

potable rater,

Castile formution

The Castile forastion consists for the most port of tended anhydrite
with included lences of hslite and thin beds of sandstone &nd limectone.
The upper beds of the form«iion crop out sguinst the Bsrrer: hetween the
Berrera snd the Frontier hills. The Cestile restc upon the formsatione of
tue Delewrre Mountein group snd lups up agsinst the Capitsn snd Carlsbed
limestones. It is overlain Ly the Sxlsdo esst of tae Pecos River.
Occasionelly, weter is found in channelis in the anhydrite snd in the thin
limestone and sendstone beds; but, =s in the Salado, the water is &lways
hlghiy minerslized. Weter may move into the Csstile form-tion from the
Carlsbed limestone., It is inadvisable to drill into the Cnstile in

seaerch of potable water.



Table 1 - Chemical snalyses of water from wells in the vicinity of Carlsbad

3 ¢ Depth: : Date : Anal;gcg g;&g ngg !;;;;gg sSpecific:
: : of : Use:sample: sMag-;: 3 conduc-: Ana-
¥ell no. 1/ : Owner : wells 2/: col- : Cel- : ne—:Bicar— Sul- ;Ohlo- :Bard- : tance_: lyzed
: . 4m s :lected: cium :sium:bonete:phste :ride : ness :K x 10’ : by 3/
L 3 3 feet 3 . 3§ g ( 3 1) 2 $({C1) s(25® C.); :
Fells the veliey fiil east of t southern Cinazl and so i sbu
: 1338 '

.23.28.8.131 Unknown 25.0 S,DMey 5 672 186 133 2,222 1,045 636 .
23.78.9.714 Unknown 23.0 .S May 11 660 197 207 2,100 933 590 i
23.28.11.131 Pardue =nd Guiter 18.0 & Mey 11  66¢ 134 2,364 1,153 690 "
23.723.15.131 F. Nymeyer 80.0 S,D Mar.1l7 274 100 99 749 526 1,097 296 B
23.28.15.331 - Unkuown 23.7 S Mey 11 663 181 144 2,041 939 574 "
23.28,20.212° Rich Carter 16.0 S May 1} 740 206 106 2,053 1,560 2,695 760 "
23.,28,23.224 Unknown 20.0 S May 11 718 315 130 2,495 1,50 824 .
23.28.23.333 Pardue snd Guitar 24.4 S May 11 o 39532 735 .
23.28.22.312 Cole 42.0 S May 11 720 192 122 2,064 1,235 641 .
23:23.28.442 T. ¥. Yarbo 13.0 S5 May 11 ! 2,072 855 .

Viells in the velley {ill nesr Hu
1940
21.27.19.411 Spencer 43 D Apr.26 584 197 4/105 1,972 895 546 B.S.
21.27.29.321  B. C. Petree 40 D tpr.26 628 230 4/199 2,337 1,102 673 .
21.27.30.141 J. ¥. Potter 80 & Apr.26 613 161 118 1,993 755 508 "
21.27.30.142 Viayne Evruge 60 D' Apr.26 572 183 4/i139 1,872 366 528 "

1



Table 1 - Continued.

L)

3 : Depth: : Date : tnelxaog Pag}g pe ; piliion 1Specific:
: ¢ of : Use:sample: tMzg-3 i condug-: s-
Well no. 1/ : Owner s well: 2/: col- : Cel-: ne-.Blcar—. Sul- zChlo- .Hurd-. tance5 i lyzed
: A B ilected: cium :sium:bonate:phute :ride : ness:K x 10 : by 3/
3 :feet: 3 3 : ($C03): (804) :(Ci) §(25°-C.)3
VWells in the valley fill west of the Curlshad Csnsl
1939
2.26.25.242 K. Cass 150 D Dec.l5 113 54 254 €5 504 102 HoM.
1942
22.26.25.430 R. V. Berfield 140 D Feb,23 84 37 380 79 15 362
27,26.25.440 W, M, Martin 140 D Feb.26 38 37 326 104 28 372
22.26.35.22 City Alrport 155 D Msr. 9 33 A 3% 42 5 347
1939
22.77417.333 0. ¥W. Henson 20 I Sep.18 524 169 138 1,692 744 25,003 481 B.Co
22.77.18.414 J. E. Nabors 33 D Sep.l4 404 135 183 1,314 533 1,564 331 w
£2.27.13.444 Tom Ernest 60 D Sep.17 541 179 156 1,802 717 2,086 505 ”
22e27.19.213a D. B. Fuson 32 D Sep.l5 346 112 189 1,082 425 1,324 320 L,
22.27:19.223b L. ¥. ¥urren 80 D Gep.l4 515 372 vt
22.27.19.213e ¥iles BRleck 30 D Sep.l5 4953 36l .
ﬂ:.?7 19.214b Joe Carlton 65 D Sep.l4 468 143 158 1,524 611 1,777 425 »
22.,27.12.214¢ ¥. L. Rance 60 D Sep.l5 640 436 "
22.77.19.231 Harve Nasyfield 63 D Sep.15 320 113 129 1,083 428 1,263 318 "
77.2719.2328 A, A. Gorrell 35 D B8ep.l7 359 118 175 1,162 455 1,381 336 .
22.,27.19.232b C, C. Russell ¢ D Cep.l8 437 356 .
22.27.29.111 E. C. Bzltersheid 146 I Sep.l? 797 514
22.27.,20.113 T. . Neal, Jr. 110 I Sep.l7 598 238 166 1,330 951 2,471 562 .
22,27.20.131  W. E, Hellyer 125 D Sep.l7 436 154 138 1,455 3 :1,721 - 44 "
v2edTe22.133 Hecthews 206 D Dec.ld 100 74 506 281 553 185 Halre
740
22.27.20.143 Gibson 127 I Mer.26 370 28 4/156 1,146 530 1,450 354 B.S.
1939
2274204333 F. Gentry 195 D Sep.l7 384 134 171 1,244 515 1,509 364 "
1942
22.27.30.130 _MNerchant 207 I Febh.23 138 56 - 252 345 79 575

¢9



Tzble 1 - Continued.

s : Deptig : Dste : inslyses - Pag&s ger pixlion 1Speecific:
: i of : VUse: sumple. tMeg -~ : conduc-: Ang-
Pelli no. 1/ Owner well: 2/: coi- i Cal-: ne-tBleir ‘Bul- z(.hlo- Herd-: tancg lyzed
: § 2-dni :legted: clum:sium:bonste:phate :ride : ness:K x 107 : by 3/
: : feet: 3 : (Ca):(uMg):(HCO3):(504) :(C1) : 1(25° C.)3
. (Welis in the valley fill west of tne Carlsbad Censl - continued)
133%
27.,27.31.331 K. Cass 160 8 Dec.l5 164 106 498 205 845 174 h.M..
1940
23.26.3.400 K. Coss 300 D NMay. 14 60 37 243 117 . .28 302 B.5.
23.26.25.421 Nymeyer 176 D Apr. 9 82 35 4/288 115 10 348 65.2 "
23.27.20.334, Forehsnd 136 8 Apr. 9 78 44 4/284 130 22 375 13.3 "
fiells der we from the Carlsbad
1939
21.26.35.214 R. L. Pipkin 62 D Sep.25 165 62 256 334 156 667 151 .
2126, 350: 23b Edwards 31. D wep.25 202 fu B.F. %,
21.26.35.23%8 Szm Joneg 33 D Sep.25 154 146 .
21.26,35.232b M. H. Hollev 34 D 8Sep.25 245 79 244 672 257 9326 Y B.S.
21426,35.2348 E. L. Rupert v D Sep.25 X 156 137 VeFoWa
21.26.35.234b W®. C. Brandon 36 D Sep.25 157 63 266 386 152 651 148 B.G.
21.26.35.241 Frank Cox 62 D Sep.25 233 194 W F.W.
21.26.35.412 Peul Kennedy D Sen.25 151 143 "
7le26.35.414 Harvey Buse 92 D Sep.25 30z 221 "
21.26.35.432 Dickson 114 I 8ep..” 159 67 148 500 196 &72 h i B.b.
21060 35.444 Tom HcKinmey 71 D Seg.g6 134 125 F.F. W,
194
21.27.21.211 ¥, He Merchant 302 D A€§3§6 157 57 4/231 429 180 626 166 B.8.
22.26,1.121a E. E. Falthsll 34 D Oct.24 144 139 F.F¥e
272.26.1.121t WM. C. Cathecart 74 D Oct.24 i52 144 "
22.26.1.122 McKinney 60 vct.24 755 452 "
22.26.1.124 Lea leys D Oct.2) 166 143 "
?2.26.1.2330) Southwestern 150 D OQct. 6 165 147 *
272e2641.233b) Public Service Co. 150 D Oct. 6 125 55 214 331 144 538 136 B.Se
22,26.1.233¢) Carlsbad, 237 I Oct. € 169 144 8 28 N
22.76.1.233d) New Kexico 230 D Oct. 6 133 &4 162 393 170 595 148 B.S.

€9



Table 1 - Continued.

H i Depth:

i Dete 3 Analyses — Parts per million  :Specific &

% i+  of : Use:sample: iMag-: 3 H H : conduc- : Ana-
¥ell no. 1/ : Osner : well: 2/: col- i Cel- : ne-:Bicar-: Sul- :Chlo-:Hard-: tance_ : lyzed
: ¢ im ilected: cium :sium:bonute:phute : ride: nese:f x 10° by 3/
3 i _ieet: 3 : (Cn) :(Mg):(iiC03):(S0,) s(C1) : 3(25 2 G,)s
(Wells ‘derivi.ng water from the Cerlspad lis\gstane 5 continued) j
1939
22,26.1.321a 1. C. Austin D Oct.24 158 148 Bk oW,
22426,1.321b J, Brysn 31 D Oet.24 212 3, 250 583 2384 37 219 B.I.
22.26.2.221a D. C. Reel 104 D Bep.z6 76 60 146 336 52 436 102 r
22.26.2,221b John Cooper 115 D Sep.26 30 56 130 223 109 430 105 .
22:26.2,221¢c = G. Cooper 100 D Oct.Z4 70 52 253 147 73 2388 9i.8 ”
22,26.2.223a C. C. Test 113 D CSep.26 160 136 Wefole
22.76.,2,223b W, Kercomer 9% D Sep.26 72 L7 L/226 159 89 . 373 3.0 B.I.
2?.?6.;’.233(: Lo L Grmilli‘n 96 D b‘poib 98 “)305 ‘:.F.to
22.26.2.243e J. C. Todd 39 D Sep.26 65 33 4/224 98 -~ 64 298 4.6 B.I.
22.,26.2.243d> T, D. Plerce 115 U Sep.76 32 35.6 |- 29
22.26.2.243¢ Fred Hudson 145 D Sep.26 79 79.6 »
22.26.2.423 Briggs 86 D Oct. 9 96 101 .
22.26.2.441 e E. Bural 30 D Sep.26 122 1)1 »
1738
22,26.2.334 J. F. Hunick 105 D épr.l15 253 78 93.9
22.726.3.232 Happy Velley Farms 345 I hAug.ld 214 63 4/192 709 264 193
22.26.11.143 S. He Teylor 172 I AMg.X0 145 52 4/272 342 135 576 5/
22.26.14.213 Stephenson 130 I Aug.,l0 39 32 4/282 171 78 354 5/
27.26.23.222 Hart D Aug.,10 126 39 239 183 5 475 s/
Fell orobably in limestone of the Hustler (ormstion
5 e 1939
23,26.15.4 T. J. Lovejoy 315 Dec.15 109 42 4/228 £49 14 445 84.7

1/ For description of system of numbering wells see pege

2/ D, Tomestic; I, Irrigetion; S, Stoci.

3/ All snalyses %g Geologicel Survey exeept as otherwise noted.
Benton Stone, Jr., Walter F. ¥hite.

4/ Includes a small amount of normsl carbonate.

5/ Weter snalyses obtained from Southwestern Public Service Compeny.

Names of eanslysts;

Burdge Irelsnd, Harry Heuger,

N
=



Toble 2 - Anslyses

65

of water from the Cerlsbed spring ares near Carisbad

Date

Parts per miliion

Cal-

sMegne-:1Bicer-: Sul- :Chlo-: Totsl :conductence:
cium : gium :bonate: puctesride :isolids

(Ce) s (Mg) :(HCOz): (80,): (CL):

1)
L
)

(1) Mar. 15,
(2) dpr. 26,
(3) July 6,
(4) July 11,
(5) Nov. 5,
(6) June 3,
(7) aug. 25,
) Oct. 22,
W) Feb. 19,
(10) Msr. 14,
(11) Apr. 3,
(12) May 71,

(132)
§14)

15)
(16)
(17)
(13)
(19)
(23)

Mer. 7,
Feb. 9
May -3,
July 6,
huge 1,
Nov,. 5y
Augo o
Aug, 1,
Nov. 5,
Aug.
Feu.

(24) July 11,
(25) Her. 7,
(26) Mar. 7,
(27) Mar. 7,
(28) Oct. 23,
(29) Aug. 25,
(30) #¥ar. 7,

1933
1933
133
1933
1333
1939
1939
1939
1940
1940
1940
1940

1940
1949
1938
1938
1538
1938
1939
1333
1933
1235
1940

1938
1940
1940
1940
1939
1939
1949

4,66
438
507
510

498

8
17
415
543
553
570
563
536

97

334
376
450
410
396

i Specific 3

K x 10°

Ana-

s lyzed

s(25°-C;) .} byl

Carlsbad Spring

565
570
560
573
570
605
€08
590
620
€25
595
585

172
500
651
620
630

22
675
630
628
675
650

eft side

355
425
490
570
467
500
430

128 1,505
126 1,477
141
136 184 1,493
iz3 153 1,490
137 1,570
138 164 1,488
128 2/143 1,526

1l springs on rigznt de
60 262 419
113 1,245
143 178 - 1,640
. 136 1,623
138 1,633
140 1,620
150 162 1,686
SRO sprin
90 228 338
105 158 1,029
il2 146 1,190
123 134 1,398
120 202 1,190
122 139 1,236

3,317

3,480
3,520

3,358
(-]

1,070

3,802
€Co
245340
<670
3,140
79836

414
416
413

403
20
4l
414
£33
438
430
470

164
362
44T
44T

45

432
462
445
427
462
451

277
316
350
3%
345
360
327

=
.

M.

m?"
ZTe W 3 3
e =

e @3 oxi o

. o

e
=

B.I.
B.S.
A

B.I.
H.¥.
b ol‘.o*-
H.u .
"
PV . H,
B.S,
HoM.
“ol 08.
B.s.
H.M.

LTy SN

E.I.
"

B‘I'

1/ Rumes of anelysts in Roswell laborestory, Geologicel Survey, whose initiuls

are shosn:

Harry Msuger (Albugueraue lsboratory), Welter F. Wilte,

Warren ¥, Hestings, Herry F, Burkstsller, Benton Stone, Burdge Irelun.
2/ Includes smsll equivalent of carbonete (CO3), 3.9 parts per wmillionm.
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Tuble 2 - Continued (Analyses of weter from the Carlsbad spring sree
near Carlsbed)

(1 - 12) Carisbed Spring sampled from weter pessing over weir.
(12) One of thres "boils" in small arroyo on right benk of Pecos below islanéd between
Carlsbad Spring snd Cenel Street btridge. Farm house souti of here.
(14) oSpring 200 yards below Carlsbed Spring. HEight beni. (One of severel "boils"
neer right bank,)
(15 - 12) Sssll stream flowing into pool under iower end of flume eabove Cerlsbead
Springs.
(20) Stream underneath flume. Flow controlled by wooden trocugh. No water in canal
but weter £tizndingz in {lume.
(21 - 23) Wster in wooden trough under {lume.
(24) Spring in Carlsbad spring srea. North side of Peccs River. Temp. (9° F.
(25) Spring at hesd of swmell iniet belos the firet erroyo. Tuic inlet nas aundreds of

£1l zsnc¢ "boile"®,

) Gpring semcled et heed of second mrroyo below tue Carlsbed flume on the iei't benx
of the Pscos.
(27) Spring on left benk (north) of Pecos fiiver. Tuls soring iscues from toe firet
arroyo below tue Carlsbsd {lume.
(28) North Cerlcbed Spring et head, just below diten crossing.
(29) Sprirg in Carlebed spring sres in first arroyo beiow the flume. Ssmpled szbout 24
yards from tie river,
(32) &pring on left benk near head of smsil inlet ebout mideuy between the first and
second srroyos belor the Carlsbad {liume.,



Table 3 - Well records

: $ : H s Messuring point : ¢ Depth to : : Depth to
3 : Re-: s : : Feet :Date of : voter 1iDate of : water
Vell no. 1/ : Owner :ported: Diam- :Use:iltitude: above :meessure-ibelos landimescure-:below land
: : depth: eter : 2/: : land : ment : surface ;i ment : surface
3 :(feet):(inches): : (feet) :surface: s (feet) s :ao .= 3. (feet)
Fells deriving water from the valiey fill
(1939) {1940)
22.26.25.242 K. Case 150 6 D 3/3135.0 flush Dec.l5 94,82
22.27.3.442 Anthony 17 6 8 3/3091.32 1.32 Lpr.30 1.26
22.27.15.24L Unknown 10 § 3/3072.0 flush Apr.30 - T7.76
(1940) (1940)
22.27.16.333 Brickley end Smith 4L 6 S 3/3117.57 o5 Mar,ll 32.61 Apr.30 23.41
(1939) (1940)
22.27.17.333 0. V. Hanson 90 8 I  3134.06 2.06 Sep.20 35.43
22.27.13.44, Tom Ernest 60 6 D 3131.08 1.63 Sep.l7 32.85 May 2 35.80
22.27.19.213 Miles Black 80 € D  3140.60 .70 Sep.l4 43.51 ey 4 4743
22.27.19.214 Joe Carlton 65 6 D 3133.40 flush Cep.ld 38.34 May 44 41.02
27427.13.231 Harve Mayfield 68 6 D 3145.13 1.70 Sep.l4 47.85 Ney 4 51.34
22.27.19.232a A. A. Gorrell 85 6 D 3143.03 1.70 Sep.l5 5.85 May 4 48.91
22427.19.232b C, C. Russell 72 6 D  2145.25 81 Sep.l8 43.99 ey 4 52416
22.27.20.131 ¥%. E. Hellyer 125 6 D 3143.57 1.00 Sep.l2 49.17 May 3 52416
22427.20.133 Metthews 206 6 D 3146.52 1.5 Mey 3 54,04
22.,27.20.134 J. mutry - 126 3 D 3142.66 flush Sep.l7 49.04 May 3 50.57
22.27.70.143b Gibson 127 3 I 3140.82 «20 Mar.26 49.82
22.27.20.333 F. Gentry 195 D 3/3154.37 1.37 ey 3 64426
(1940) (1940)
22.27.,21,222 ¥eltersheid 6 S 3/3106,97 1.97 Mar.ll 31.83 Apr.30 28.73
22.27.22.224 W. D. Bales 37 € S 3/3093.32 .32 Mar.ll, 21.81 kpr.30 21.28
27e27425.441 Gadbury 16 72 S 3/3062.00 flush Mer.ll 12,59 Lpr.30 10,97
22.27.26.223 J. C. Ewers 40 6 8 3/3076.64 . .64 Mar.1l 19.52  Apr.30 18.69
22.27.26.444 Unknown 6 8 3/3074.40 -+ 40 Mar,11 13.02  Apr.30 10.72
27.27.27.122 J. C. VWest 40 6 8'2/3106.54 «54 Mar.ll <7.00 Apr.30 27453
27.27.27.333 Lopes 140 é § 3/3118.40 40  Mer.l2 34.79 Apr.30 30.67

(9



Teble 3 - Continued.

: : : : :_Measuring point: : Depth to @ : Depth to
s ik : Re- 3 3 i Yeet :Date of : water :Dnte of i water
Fell no. 1/ hiad iported : Diam- :Use:fltitude: above :mensure-:below landimessure-:below land
: : depth : eter : 2/: : land : ment : surface : ment : surfece
3 AL :(inches): et) :surface: 3 (foet) i (feet)
(fells deriving weter from the velley fill - continued)
1939 1340
22.27.31.331 K. Cass 160 6 S 3/3207.10 1.10 Dec.l2 117.73 May 3 116.60
1940 1540
22,27.34e344 A. J. Crawford 61 6 8 3/3106.0 flush Mer.l2 4277 £pr.30 38.33
23.26.3 Snyder snd Cess 250 6 D May 14 225.6
23.26,25.421 Nymeyer 176 6 S 3/3205.7 o7 Moy 3 139.82
23.27.1.122 Unknown 20 48 S 3/3065.8 .8 Mer.ll 15.80 Apr.30 9.i8
23.27.2.321 H. Hopper 63 6 S 2/3087.5 1.5 Mar.l2 20.88 Apr.30 22,86
23.27.11.433 +. ¥, loose 14 €0 S 3/3102.0 flueh Msr.l2 8.43  Apr.30 6.29
23.27.20.334 Forehend 125 6 § 3/35182.0 1.0 May 3  118.20
23.28.6.333 ¥, ¥. Galton see table 4 for record
23.,28.8.131  Unknown » “« N = "
23.23.9,314 Unknown . R . .
23.28.11.171 Pardue and Guitar " L "
23.,28.15.331 . Unknown " B-cw on .
23.28.13.111 J. ¥. Jose 13 A S 3060.0 1.0 Mer.12 13.02 Apr.30 755
23.28,19.111 Unknown 16.5 60 N 3087.0 flush Mer.l2 14.06 Apr.30 11.36
23.23.20.212 R, Carter see tablie 4 for record
23.2%.23.224 Unknown % . S »
23.28.73.333 Psrdue snd Guiter iy | A .
23.28.25.211 L. ¥, Arthur ¥ L A "
23.23.73.%12 Cole " ot Nl o .
23.28.23.442 T. W, Yarbro " DAL B "
23.28.30.,122 Unknown S 3082.4 A Mar.l- 10.97 Apr.30 + 11.59
24.2%.3.211 C, V. Beeman see tnble L for record

24.28.3.423

C. ¥. Beem:n

89



‘Teble 3 - Continued.

: : :
H ¢ Re- 3
Pell no. 1/ : Owner iported:
4 : depth:
: 3(feet):
Fel
21,26.35.214 L. R. Pipkin 62
21.26.,35.723n Normen Harris 80
21.7€.,35.232 8. Jones 33
21.26.35.241 F. Cox 62
21.26.35.234 W. C., Brzndon 36
21.26.35.412 Psaul Kennedy
71.26.35.432 Dickson 114
21327.30.334. L. R. Mottt 80
21.:7.31.211 Ve 'do Herchent 302
22.26,1,124 Leza Moys
22.26.1.233z) Southwestern 150
22.26,1.233b) Pubtlie 150
22.26.1.233¢c) Service 150
22.26.,1.233d) Compeny 237
22.26.2.221a 0, C, Neel 104
22.26.2.221b J. Cooper 115
22.26.,2.723s C. C. West 113
22,26.2.223b W. Kerchner 94
22.26.2.243a J, C. Todd 80
22.26.7,243¢ F. Hudscn 145
22.26.2.334 Bunick 105
27.26.2.423 Briggs 26
2?.?6.:‘.‘“ Qo 'Eo &lr&l 30
22.26.3.232 Happy Velley Farms 345
22.76,11.121 Teylor 152
22.26.11.143 Taylor 262
22.26.,11,223 T. Marguess 116
22.26.14.713 Stephenson 206

n

: H sur H : Depth to 3 : Depth to
3 3 t Feet :Dute of : water :Dete of : water
Dism- :Use:Altitude: sbove :mezsure-:below land:messure-:below land
eter : 2/: t land : ment : surface : ment : surface
n 3 7o s ce: i (feet) : : (feet)
weter e Ca dl
(1939)
6 D 2162.43 flush Sep.25 56.94 HWsy 6 68434
6 D 3165.42 1.83 Sep.’5 57.85 Wey 6 57.77
6 D 3169.56 1.96 Sep.25 61.38  Msy 6 61.13
2 I (reported) 73.00
6 P 3/3121.89 .89 Apr.26 18.43
6 D 3/3115.23 1.23 Apr.26 13.65
D 31“.2 080 Oct.:L <08 -&’ 6 38030
5 D 3108.42 4/ Oct.2G 29.93 Feb,26 26.77
D
5 D
12 D
2 P 3175.06 .61 Sep.26 63.17
6 D
6 D . ATL.55. 60 Sep.26 64 46
6 D 3179.32 3.00 Sep.z6 66.53
6 D 3187.51 .30  Sep.26 80.52
6 D 3190.87 2.90 Dec. 81.15
€ D 3166.52 50 Sen.6 £9.48 May 6 58.95
I 3252.52 flush Kar.l5 143.52
I
I fluab Jm.lS 59082
I (reported) 35.40
1
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Table 3 - Continued.

3 H : :  iMensur L0 : s Depth to ; 3 Depti to
3 : TRe- 3 O i Feet i:Date of : water ilute of ¢ water
¥ell no. 1/ : Owner iported: Dism- :Use:Altitude: szbove :me:sure-:belov lsndimessure-ibelos l:und
3 tdepth ¢ eter : 2/: : lend : ment : surface : ment : surface
: :(feet):(inches): 3 (feet) :surface: : (feet) i _(feet)
¥ell cderiving water from the limestone of the Rustler fors:tiop ;
73.26.15.4 J. T. Lovejoy 315 6 D (rejorted) 267.0

L/’For description of system ¢ numbering wells, see page

2/ ©, domestic; I, drrig:tion; K, none; S, stock.

3/ Altitude of lrud surfuce estimsted from topogr:paic mear of Cerlsbed quudrangle to clozest ifoct.
4/ Reasuring point 76.77 feet belov isad surfuce.

04



Cased with concrete to 4 feet, uncesed remainder of depth.

=D

C o)

oba.g!gpgon wells drswing water from the velley £i11

23.28.64333. W, ¥, Golton. Stock well, dug 3 by 3 feet squsre, 17;.£oet deep.

Measuring point, top of

2 by A-inch wood pipe clump, north side, zt copper neil with washer, 0.5 foot above

lend surfece, altitude 3,047.5 feet, estimated from topographic map.

Fater level, in feet below iand surface catum, 1538-1340

Weter Fater Vater
PDate lovel Dute Date ievel
Mar. 11, 1633 15.45 Aug. 23, 1938 10,15 July 77, 1939 12.33
Mar. 26 1425 Sep. 15 3.0: Sep. 5 7.60
tpr. 1 13.50 Oct. 6 10.44 Sep. 19 10.22
Apr. 11 12.91 Oct. 26 10.35 Cot. =2 3.56
Apr. 21 12.80 Pec. 3 12.84 Oct. 20 3.50
L & 1l1.71 Dec. 21 13.33 Kov, 6 10.61
y 11 11.02 Jems 7, 1939 13,22 Nov. 17 11.65
May - 21 11,17 Jan. <1 14.35 Dec. 11 13.12
June 1 12459 Mer, S 14.05 Jete 4, 1940 13.67
June 11 13.90 Ner. 30 14.51 Jan. 29 14.55
June 21 13.54 Apr. 13 11.38 Feb, 17 15.64
July 1 12,69 ey . 2 10.04 kar, 238 15.03
) July 16 13.42 June 1 1114 Apr. 30 11.48
Aug, 3 12.74 July i8 13.27

Cesed vith borizontal wood cribbing.

22,23,3.131. Owner unknown. Ostock well dug 3 by 7 feet scusre, 25 feet deep.

Measuring voint, top of 4 by 4-inch post et

northaest comer of curb, 1 foot esbove genercl lend surfsce, altitude 3,033 feet,

‘stiuated froam topographic mep.

Fater level, in feet below l:ind surfece datum, 1338-1940

feter Vister Vater
Date level Date level Dete level
Mar, 15, 1938 21.65 Sep. 15, 1938 9.49 July 27, 1939 8,38
Apr. 1 20.42 Oct. 6 10.93 Sep, . 5 3.82
Apr. 11 13.18 Oct. 26 10.86 Sep. 19 7432
kpr. 21 14.05 ‘Lec. 3 14.09 Oct. 2 7.16
May 1 14.20 Dec. 21 14.76 Oct. 2 7.39
May 1l 14.68 Jan. 7’ 1939 16042 Nov. 6 GeQ7
Mey 21 15.17 Jan, 21 16.31 Nov. 17 10.17
June 1 16.20 Feb, 11 17.31 Dec. il 11.45
June 11 17.09 Mar, 8 17.45 Jan. 4, 1940 B.33
June 71 17.52 Mar. 30 16.35 Jen. 29 15.02
j July 1 17.24 Apr. 13 13,93 Feb. 17 14.95
July 16 12,12 Hay 2 15.29 Mar., 28 13.94
Ag. 3 - 14.05% June 1 10.69 ipr. 30 9.56
Aug. 23 10.10 July 18 7.66




72
Teble 4 - Continued,

Uncssed, Measuring point, top of 2 by A-inch timber st southeszst corner of well

23.78,9.314. Oener unknown, 3Stock well dug & feet in dieneter, 23 feet deep.

opening at copper nail with wssher, at land surface, sltitude 7,007 feet, estimnted
from tovographic nsp.

Water level, in feet below itnd surfuce datum, 1933-1940

Vater fater ¥ater
Dute level Date level Dete level
¥er. 17, 1732 21.74 July 1, 1732 13.50 Oct. 20, 1939 16.49
Apr. 1 21.26 July 16 17.19 Nov., 6 17.41
Apr. 11 21.32 Aug. 3 18,50 Neve 17 13.19y
Apr. 21 19.79 Aug. 23 16.09 Dec. 11 18.93
..y 1 20,12 Sop. ls 15.37 Jen, L, L&LO 19.79
May 11 15,52 Oct. 6 well fiiled in Jan, 29 20,53
@ = 15.59 July 27, 1939 17.53 Feb, 17 21.89
June 1 18,33 Sep. 5 15.77 Mar, 28 21457
June 11 16.12 - Sep. 19 15,80 Apre 30 20.23
June 21 13.90 Oct. 2 16.62

’ £3.22,11.131. Percdue esnd Culter. BStoc:- well darillied 3 inches in dicmeter, 18
feet deep. Iron cesing. Messuring point, top of cesing, 3.4 feet 2bove lend surface,
altitude 2,9956.4 feet, estimcted from topographic map.

Feater level, in feet below land surface datum, 193%-19.0

Viater Veter hater

Date level _Date level Date level
‘ur. 15, 1938 12.18 Sep. 15, 1933 1.25 Juiy 27, 12329 6,98
nr. 1 11.31 Oct. 6 6059 Se;. 5 500‘
Apr. 11 10.25 Oct, 26 3.06 Se;. 19 6,92
dpr. 21 F.15 Dec. 3 11.50 Oct., 2 7.38
May 1 .67 Dec. 21 13.10 Oct. 20 7.07
Hay 11 9.96 Jan. 7, 1939 10.36 Nov. € 7.86
May 21 Vebd, Jun. <1 12,69 Nov. 17 8,22
June 1 G.69 Feb. 11 10.79 Dec. 11 8.84
June 11 10,37 Mar. 8 11.00 Jan. 4, 19407 Q.42
June 21 9,62 ¥ar. 30 10.35 Jea. 2 10.16
July 1 10.52 Apr. 13 935 Feb. 17 10.42
July 16 8.32 Ney 2 .18 Mar., 23 £.92
Aug. 3 7.59 June 1 9.39 &pr. 30 6031

Aug. 72 7.94 July 123 722




Table 4 - Continued, /3
23.,2%2,15.331. Owner unknown. Otock well dug 3 by 6 feet, 23.7 feet deep.
Uncesed. Messuring point, top of 2 by 12-inch timber, northwest corner =t copper

nall with washer, et lend surface, cltitude 3,725 faet, estimated from topogrsphic

mep.
Boter level, in feet below lend surface datum, 1932-1940
Foter ister Vater
Dete level Dete level _Lste level
Ber, 17, 1938 21.43 Sepe. 15, 1938 17.61 July 27, 1929 = 19.46
‘p!‘. l s ;‘..56 Oct. 6 ls-?o S‘po 5 13063
épr. 11 2l.61 Oct. 26 18.76 Sep. 19 13.13
Apr. 21 19.55 Dec. 3 19.,59 Oct. 2 18.21
May 1 13.56 Dec. 21 19.90 Oct, 19 13.31
May 11 19.48 Jen. 7, 1939 20.22 Nov. 6 18,60
‘ay 21 20.07 Jan, 21 20.52 Nov. 17 13.83
une 1 20.01 Feb. 11 <0494 Dec. 11 19.28
June 11 20.14 Mar. 38 2l.51 Jen. 4, 1940 19.79
J’)ne 21 ?’).?3 Mar. 30 21.17 Jan, 29 20072
July 1 19.25 Apr. 13 21,10 Feb. 17 20.82
July 16 17.52 Nay 2 20.30 Apr. 30 20.84
Aig. 3 13.74 June 1 20.68
Aug. 23 17.73 July 13 19.54

23,23,20.712. FRich Carter. Stock well dug § by 5 feet agusre, 16 feet ceep.
Uncssed. Hessuring point, tor of 2 by 4-inch timber uprignt, southwest corner of well
curb =t copper nril with waecher, 2.0 feet zbove lend surfsce, esititude 3,042 feet,
estimeted from topographic map.

Fater level, in feet below lend surfece detua, 1734-1940

¥rnter Feter kater
Pete level Date level Late level
Ker. 17, 1933 1C.91 Mug. 3, 1938 5,35 Bep. 5, 193% 2.28
Apr. 1 9.\71 Oct. 3 4083 Se}.". 19 4042
Apr. 11 9.05 Oct. 25 5022 Oct. 2 4L.83
Apr. 21 3021 'OVQ 8 6.01 0°t0 l') 5022
May 1 7.2k Dec. 3 6.36 Nov. 6 674
‘Hay 11 Tek? Dec. 21 6.56 Rov. 17 742
Mey 21 7415 Jan. 7, 1932 17,71 Dec. 12 974
June 1 5675 Feb. 11 2,51 Dec, 23 921
Jun. 11 6.55 Mar, 9 )065 Mar. 23’ 19100 '303‘0
-Jun. 21 6049 Apr. u 7041 Apt . ” 5.69
July 1 724 July 27 464

July 16 4Lo62 hug. 15 3.98




74

Table 4 - Continued.

. 23.70.23.224. Owner unknown. Abendoned well dug 6 feet in diumeter, 20 feet
deep. Uncased, Measuring point, top of wood piatfors over well &t nortﬁucst corner
of trap door, at lend surfece, sltitude 2,536 feet, ostimsted from topographic mep.

Yiater level, in feet below lund surface datum, 1723-1940

¥ater Water Water

Date level Dste evel Date level
Mar. 15, 1938 17.587 Sep. 15, 1938 14. July 27, 1739 13.31
Apr. 1 17.12 Oct. € 13.55 Sep. 5 13.25
Af‘t‘. 11 130;& Qct. ;6 II..?B 50;". 19 12.6?
Avr, 21 1470 Dec. 2 15.82 Oct. 2 1l.52
Mey 1 14.30 Dec. 21 15.79 Oct. 19 12,62
sy 11 14.%5 Jan. 7, 1339 16,26 Nov. 6 13.38
ey 21 15433 Jun. 21 16.76 Hov. 17 1443
June 1 1674 Feb, 11 1T.42 Dec. 11 15.35
‘une il 16.2 Mar. 8 12,00 ’ Jan. 21, 1940 16.18
une Z1 16.31 ar. 30 17.65 Jan. 29 16.55
July 16 15.58 ey 2 16,19 Mer. 28 17.60
Aug. 3 1L e 47 June 1 14408 Apr. 30 15.12

Aug. 23 LhAd July 18 1%.87

23,75.23.333. Pardue and Guiter, Stock well dug 4 feet in dismeter, 24.4 feet
deep. Uncased. Nersuring polnt, %op of timber snanning well, nesr centsr »t copper
neil 7ith vasner, &t lupnd surlace, sltitude 3,020 feet, estimnted from topograpule uap.

vater level, in feet below land surface dstum, 1933-1940

Tuter Water ' Hater

‘L lovel Date level Date level
Mar, 15, 1938  21.43 Sepe« 15, 1938 13.67 July 27, 19329 14.87
Apr. 11 18,90 Oct. 25 16.49 Sep. 19 12.9%
Apr. 21 13,02 Nov. 8 17.34 Oct. 2 13.82
May 1 13.19 Dec. 3 13.46 Oct, 19 15.17
“ﬁy ll 1“002 D°00 21 1".?2 NOV. 6 1(!.13
#ay <1 13.02 Jan. 7, 193% 19.74 Nov. 17 17.06
June 1 lso” Jhﬂ- - ::’-38 Dec. 11 17089
June 11 18,63 Feb. 11 21.17 Lo dame 4y 1940 . 18.93
June 21 17.%2 Har. 7 <1432 Jan, 2 20.12
July 16 16,97 May 2 13.30 Ner. 28 21.62
Aug. 3 15.50 Juane 1 i3.10 Apr. 30 17.46
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Table 4 -~ Continued.

23.,22,25.211, L. W. Artbur. Stock well drilled € inches in diameter, 45.4 feet
deep. Cased with iron cssing to an unknown depth. Heasuring point, top of &-inch cas-
ing, 0.8 foot =bove land auffnco, altitude 7,934.3 feet, estimnted fros topographic mep.

Vater level, in feet below land surfece datum, 1932-1340

nater Vinter hater
Date level Date level Date Jevel
Rar. 15, 19338 37.21 Sep. 15, 1938 34.64 ; July 27, 1939 . 34.03
Apr.- 1 37.48 Oct. 6 34.20 Sep. 5 34.51
Apr. 11 37.09 Oct. 25 33.96 Sep. 19 32.19
Apr. 21 32.39 Nov., 8 34439 Oct., 2 32405
n‘ly 1 }"Jo‘)\) Dece. 3 35.05 Oct. 19 31033
Kay 11 36.51 Dec. <1 35.41 Hov., 6 32.31
Hay 21 36.41 J&n. 7, 1939 35.76 NOV. 17 32-’3
June 1 35.53 Jan, 21 36.11 Dec. 11 : 33.71
une 11 36.15% Feb. 11 36.58 Jsm. 4, 1940 24.60
une 21 36.20 Bar. 7 37.01 J&hs R9F 3Cehd
Juiy 1 36.20 hpr. 13 36.84 feb. 17 36.00
July 16 37.05 Koy 2 - 36.42 Mar. 28 36.39
Aug, 3 34.7 June 1 35.59 fpr. 30 ' 36.10
fug. 23 35400 July 18 3he34

23.28,29,312, Mr. Cole. Stock well drilied 6 inches in disneter, 4° feet deep.
Iron co-ing. The water level in this well 1s for the second water-besring bed
encountered in thie locality. Messuring point, top of casing, 1.0 footl above lund

surfece, sltitude 3,071 feetl, estimeted from topograuuic msp.

. veter level, in feet below 1znd surfsce datum, 19383-1940

Vuter Feter Water
Date level Dete level Date level
Mar. 17, 1938 15.49 kug. 3, 1938 12.67 July 18, 1539 11.00
Apr. 1 14.77 Sep. 15 10.56 July 27 11.41
Apr. 21 13.20 Oct. 25 12.56 Sep. 5 13.00
day 1 12.70 Nov. 8 13.1; Sep. 19 11.60
Nay 11 13.06 Dec. 3 13.85 Oct. 2 11.85
Kay 21 13430 Dec. 21 14.04 Oct. 19 12.02
June 1 13.26 Jan. 7, 1939 14.29 Nov., 6 12.84
June 11 13.76 Feb. 11 14.91 Dec. 12 13.85
June 21 12.65 Mer, 8 15.17 Dec. 28 14.12
July 1 13.22 lpr. 14 13.21 Mar. 28, 1943 13.46
July 16 12,03 June 2 10.15 Apr, 30 12.21
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.’ Table 4 - Continued.
23.,28.28.442. T. W. Ysrbro. ©Stock mell dug & ifeet in dirneter, 13 feet ceep.
Uncssed, Nessuring point, top of € by 1l:-lnch timber st southesst corner of well at
copper neil with vesher, &t land surface, sititucde 3,051 feet, cstimated from topo-
graphic mep.

Fater levei, in feet velow lund surface dstum, 1%33-1940

Voter ¥roter Vater
Dste level Date level Date level
Wer. 17, 12338 9.05 Gen. 15, 1738 3,37 July 27, 1939  5.80
Apr. - 1 3.62 Oct. & 5.31 Sep. 5 5430
hpr. 11 2.08 Cet. 25 5.76 dep. 19 6.20
Apr. 21 4.00 Nov. 8 6.36 Oct, 2 7.00
May 1 4.10 Lec.. 3 7.24 Cetes 19 7.70
Qay 11 5.27 Lec. 21 7.72 Nov., 6 8.33
Hav 21 5.80 Jen, 7, 1939 7.57 Nov., 17 3e45
June 1 6,00 Jen. 21 7.93 Lec. 11 4.39
June 1 6ld Yeb. 1l .39 Jen. 4, 1340 Yo 32
Juue r1 729 Har. 7 3.30 Jen. 29 9.37
July 1 7.25 ipr. 13 6.12 Feb. 17 5.38
July 16 £.00 May 2 €.65 ¥ar, 28 ' 3.60
) Aug. 3 6422 June 1 €.68 kpr. 30 6.05
Aug. 23 6.22 July 18 “e39

~

24.23,3.211, C. ®. Beemen. OStock well dug 4 feet in diameter, 4.5 feet deep.
Uncased. Measuring point, top of timber st ecuthenest corner at copper nail sith washer,

at land surfece, slititude 3,022 feet, estim=ted from topogriphic msp.

. Vater level, in feet below land surfece datum, 1933-1%20

¥ater fnter Tiater
Date devel Date level Date level
Har. 19, 1732 17.83 Sep. 15, 1933 16.08 July 27, 1939 -17.43
Apr. 1 17.25 Oct. & 15.2 ser. $ 17.62
Apr. 11 16.20 Oct, 25 15,92 Ser. 19 15,77
fpr. 21 15.20 Nov, 8 16.36 Oct. & 17.13
ay - 1 15,85 Pec, 3 1727 Oct. 19 18.44
¥ay 11 16.59 Cec. 21 13.30 Bov, € 165.31
Mey ~1 17.33 Jen. 7, 1939 13.7C Nov. 17 13.76
June 1 17.98 Jen, 21 12.94 Dec, 11 20.47
June 11 18.32 Feb, 11 19,52 Jan. 4, 1340  20.94
June 21 17.40 Mar. 7 19.69 Jan, 29 21.56
July 1 16.70 Apr. 13 13.94 Feb. 1 21.30
July 16 16.26 Heay 2 19.05 Nar. 28 2240
Aug. 3 16.38 June 1 16.10 Apr, 30 21.48
hag. 23 1535 July 18 17.30




Teble 4 - Continued,

247343423,

C. ¥. Beeman.

/7

Stocs well dug 3 feet in dlemeter, 1.5 feet deep.

Uncz=ged. Measuring point is top of timber ut southwest corner of rell atchpper neil

with washer, at isnd curface, sititude 3,000 feet, estimeted from topogrephic mup.

Weter level, in {eet htelos land surfece datum, 1932-i

Fater Foter Water
[ste level Date level Dete evel
Mar. 13, 1938 10.30 Sep. 15, 1938  8.59 July 27, 1939 ° 10.94
Apr. e 68 Get. 6 2400 Sev. 5 10.73
Apr, 11 9430 Oct. 25 7.38 vep. 19 13.63
Apr. 21 .63 Ncv., 3 9.36 Oct. 2 10.86
Mey 1 J.58 Dec. 3 10,23 Oct. 19 11.43
Ney 11 5490 Dec, 7“1 10.37 Kov., 6 11.60
Hey 21 10.03 Jan. 7, 1939 10.49 Nov. 17 11,79
!une 1 9e47 Jen. 21 10i53 Dec. 11 12,02
une 11 P74 feb, 11 10.37 Jen. 4, 1940 1X.29
June 21 7495 der. 7 10.98 Jan, 29 12.60
Juiy 1 7.8 Apr. 13 ii.24 reb. 17 12.79
July 16 10.78 Vey -2 11.02 Mar, 2 14.00
Aug. 3 3493 June 1 11.06 hrre 30 14.10
Aug. 23 31.65% July 18 11.05




STORAGE TANK

W. STEVENS STREET

Figure 4. Location of municipal wells, Carlsbad, N. Mex...
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Figure 6. Fluctuations of water level in well 1
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caused by pumping nearby wells.
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