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Water Resources of the Three Rivers Area,
Otero and Lincoln Counties, New Mexico
by

Jemes W. Hood and E. H. Herrick

Abstract

The Three Rivers drainage basin, & tributary to the Tularosa
Basin of south-central New Mexico, is a potentizal source of supplemen-
tary water for the Bonito Lake pipeline that supplies water to the
town of Alamogordo and Holloman Air Force Base.

The Three Rivers area includes about 15C square miles of mountain
uplands and alluvial slopes that border the lowlands of the Tularose
Basin. Altitudes in the area range from about 4,600 feet to about

2,000 feet, and although the terrain is mountainous in the eastern
part, most of the area i1s semiarid. Annual precipitation ranges from
about 9.5 inches in the lowlands to more than 25 inches in the
mountains.

Rocks exposed in the area range in age from Triassic to Recent.
Consolldated sedimentary rocks include the Dockum Group, Dakota(?)
Sandstone, Mancos Shale, Mesaverde Group, and Cub Mountain Formation
of Bodine (1956). aUnconsolidated rocks consist of fluvial gravel,
sand, silt, and cm Part of the area is underlain

by relatively impermeeble extruslive and intrusive igneous rocks.

Sills and dikes, which are numerous in the eastern part of the area,

restrict the movement of ground water.




The regional dip is eastward in the western part of the area
and northeastward in the eastern part. Faults having displacements
of several hundred feet trend northwestward and northeastward. A
poorly defined syncline trends northwestward through the area.

Most of the streams in the area flow only after thunderstorms.
Three Rivers Canyon and Indian Creek, however, are peremnial in their
upper reaches. During 1956 and part of 1957, flow in both streams
was low, and both were dry for periods of a few days to several weeks.
During the latter part of 1957 and in 1958, a vet period, streamflow
increased about 300 percent. Both streams are influent in some
reaches, and flow reaches the lowlands only occesionally. In the
lower parts of the dralnage basin, streamflow is intermittent but
frequently is of great magnitude. During the 29 months of record,
Three Rivers Canyon yielded about 2,900 acre-feet of water, or an
averege of about 1.1 mgd (million gallons per day). Indian Creek
yvielded about 1,660 acre-feet during the same period, or an average of
ebout 1.8 mgd. Other streams in the area were not geged.

Water from streams in the higher elevations of the Three Rivers
area generally contains only small quantities of dissolved solids,
owing to the scarcity of readily soluble minerals in that part of
the area. Water in upper Three Rivers Canyon generally contains
230 to 340 ppm (parts per million) of dissolved solids, including
99 to 119 ppm of sulfate. Water from Indian Creek is even less
mineralized. Stream water ln the lower part of the drainage basin is
variable in mineralization in part because the intermittent flow

flushes away salts that accumulate during dry periods.
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The aquifers in the Three Rivers area that contain potable or
near-potable water are alluvium of Quaternary age and sandstones in
the lower part of the Mesaverde Group and the Cub Mountain Formation
of Bodine (1956). Some older formations probebly contein highly
mineralized water. Water in the alluvium is unconfined, and water in
the older, consolidated rocks is under artesian pressure. The depth
to water ranges from nearly 200 feet to near the land surface. The
ground-water surfaces slope westward, in much the same direction as
does the land surface. Recharge is from precipitation in the area,
mostly on the mountain slopes of the eastern part, where precipita-
tion is greatest. Some recharge is rejected during wet years. Ground
water is discharged mainly by movement through the aquifers westward
out of the area. Artificial discharge through wells is estimated
to be, at & maximum, only about 1,000 gpm (gallons per minute).

Logs of test wells indicate that the alluvium is thin and in
some areas is unsaturated. However, the alluvium is relatively
permeable, and where it 1s thickest it should yleld as much as 200 gpm
to wells. The Mesaverde Group and the Cub Mountain Formation of
Bodine (1956) are much less permeable than the alluvium but should
yield as much as 100 gpm to wells in selected locations. Wells that
tap the alluvium and the Mesaverde and Cub Mountain would have the

largest ylelds.




‘ Most ground water in the Three Rivers area is of fair to poor
chemical quality. Of 67 samples of weter, only 1 had a sulfate
content of less than 250 ppm and a dissolved-solids content of less
than 600 ppm. Most of the ground water is of the calcium magnesium
sulfate type. The sulfate content may be used to judge the water
quality because where the sulfate content is low the chloride content
is much lower. All the ground water is hard.

The Three Rivers area has an estimated minimum annual yield of
about 560 acre=feet of groﬁnd water containing less than 500 ppm of
sulfate. The potential surface-water yield may be &s much as 3,500
acre-feet per year, but the average annual yield is estimated to be
about 1,700 acre-feet. By impounding surface water of good quality

‘ and mixing it with ground water of fair to poor quality, the area

should yield, on an average annual basis, about 2,300 acre-feet of

water containing 200 ppm or less of sulfate.




Introduction

Holloman Alr Force Base, acting through the Cofigs of Engineers,
U.S. Army, and the town of Alamogordo, has extended its search for
water supplies through an area more than 8C miles long and as much
as 20 miles wide along the west side of the Sacramento Mountains.
Uneppropriated potable water supplies are meager in this area.
The dearth of potable water together with the rapid growth in popula-
tion in the Alamogordo area has led to the investigation of areas
in which there is a possibility of developing additional supplies.
The Three Rivers area, so named from the master stream of the
area, is considered to be a potential source of water to supplement
the supply to the Bonito Lake pipeline, which transports water to
Holloman Air Force Base and the town of Alamogordo. The Three Rivers
drainage basin is one of many basins tributary to the vast semiarid

Tularosa Basin of south-central New Mexico. (See fig. 1.)

Figure l.--Map showing location and extent of the Three Rivers

area (shaded), Otero and Lincoln Counties, N. Mex.

The earliest water-resource investigations in the Tularosa Basin
were those by Meinzer and Hare (1915). Their work, however, provides
only meager data pertaining to the Three Rivers area. Schmaltz (1955)
mapped the geology of the Three Rivers and Oscure quadrangles, which
include the western part of the area of the present investigation.

Herrick and others (1959) described the Three Rivers area in an

appraisal of the water supply of the Tularosa Basin and adjacent areas.




The U.S. Geological Survey in cooperation with the U.8. Army
Corps of Engineers began this study of the general availability of
water in the Three Rivers area in June 1956. Intensive field work
was concluded in October 1957 with the completion of the test-drilling
program. The principal purpose of the study was to determine the
amount and quality of surface water and ground water that might be
developed to supplement the supply being delivered through the Bonito
Lake pipeline. The pipeline parallels U.S. Highway 5. along the west
slde of the Three Rivers area.

The investigation in the Three Rivers area included a study of the

geology to determine which formations would yield usable quantities

of water, approximately 2% vears of gaging the main streams of the

area, a study of the ground-water supplies based on wells and springs
in the area, subsequent test drilling to confirm preliminary conclu-
sions concerning the ground-water supplies and to obtain data that
were not otherwise available, and a study of the chemical quality of
the ground water and surface water. This report explains the general
avellebility of water, as determined from these data.

Base maps for the study were prepared from U.S. Geologlcal
Survey topographic maps, which are available in both the 15-minute
and the 7=i-minute quadrangle series. About two-thirds of the area
was mapped geologically; greatest effort was given to the central
part of the area around the confluence of the several tributaries

to Three Rivers.




Where possible, the depths of wells and the water levels were
accurately measured, and other information pertaining to wells and
springs was recorded. Water samples for chemical analysis were
obtained from most wells and some springs.

Several wells were selected for observation of water levels,
and these have been measured at least four times a year from January
1957 through January 1960.

The most promising area for the producgion of ground water was
determined, and eight test holes were drilled to determine the
subsurfece distribution of the geologic formations and their hydrologic
properties.

Surface-water investigations included the installation of four
recording gages in Three Rivers Canyon and on Indian Creek above the
confluence of the several tributaries of the main stem of Three Rivers.
Recording rain gages were maintained at three of the stations. Several
measurements were made at sites above the recording gage in Three
Rivers Canyon, and a few samples of surface water ffp chemical analysis
were taken from selected points in the drainage system.

Basic data from the investigation are given in tebles 2-7 and

9-11.
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Location-Numbering System

In this report, a numbering system is used that is based on the
Federel system of subdivision of public lands to designate locations
of wells, springs, and surface-water sampling end geging points. The
location number has four segments: the first denotes the township;
the second denotes the range, the third denotes the section; and the
fourth, consisting of three digits, denotes the particular lO-acre
tract of the section in which the point is located. For this purpose
the section is divided into four quarters, numbered 1, 2, 3, and 4
for the northwest, northeast, southwest, and southeast quarters,
respectively. The first digit of the fourth segment gives the quarter
sectlon. Similarly, the quarter section is divided into four
i0-acre tracts numbered in the same manner, and the second digit
denotes the li0-acre tract. Finally, the LO-acre tract is divided into
four 10-acre tracts. Thus & point numbered 11.9.11.322 1s in the
NEiNERSWL sec. 11, T. 11 8., R. § E.

If a point cannot be located accurately within a 1lO-acre tract, a
zero is used as the third digit, and if it cannot be located accurately
within a lLO-acre tract, zeros are used for both the second and third
digits. If a point cannot be located more closely than the section, the
fourth segment of the location number is eliminated. The letters a, b,
c, and so on, are added to the last segment to designate the second,
third, fourth, and subsequent items in the same 1l0O-acre tract. The
method of numbering sections within a township and trects within a

section is illustrated in figure 2.

Figure 2.--8ystem of numbering wells and locations in New Mexico.
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Geography

ILocation and Extent of the Area

The Three Rivers area includes about 150 square miles east of
Three rivers station on the Southern Pacific Rallroad and
U.S. Highway 5S4, about 20 miles north of Tularosa, N. Mex. The area
includes parts of T. 10 S., Rs. 8 and 10 E., Lincoln County, and
parts of Tps. 11 and 12 S., Rs 9, 9%, and 10 E., Otero County,

N. Mex. (See fig. 5.)
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Topography

The Three Rivers area is in the Sacramento section of the Basin
and Range province (Fennemen, 1931, p. 394), at the east side of the
Tularosa Basin. The eastern mergin of the area is on the west slope
of the Sacramento Mountains, whose crest forms the divide between
the Tularosa Basin and the Pecos River basin. From the crest of
Sierra Blanca, altitude 12,003 feet, the terrain descends precipitously
to the west, i1ts slopes as steep as 2,500 feet per mile. In the
central part of the Three Rivers area the grade decreases, and at
the confluence of the tributaries of Three Rivers it is about 125
feet per mile. At Three Rivers station on the Southern Pacific
Railroad, altitude !,568 feet, the grade is only about 50 feet per
mile.

Although Sierra Blanca dominates the landscape, there are
several lesser spurs of the mountain mass in the Three Rivers area.
The Godfrey Hills, a low range, are in the north-central part of the

area, between the Sierra Blanca and the Tularosa Basin proper.
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Except for the Three Rivers reentrant, most of the lower slopes
adjacent to the Sierra Blance and the Godfrey Hills are coalescing
alluvial fans that slope westward; these are cut by subparallel
arroyos and interrupted by small masses of consolidated rock. The
Three Rivers reentrant, or embayment, is enclosed by the Godfrey
Hills on the west, an adjoining spur of the Sierra Blanca on the
north, Sierre Blanca on the east, and a high-level pediment on the
southeast. The reentrant was formed because the sedimentary rocks
were eroded more rapidly than the surrounding igneous rocks. The
adjoining high-level pediment apparently wes developed because the
amount of streamflow was less on the pediment than in the reentrant.
The most promising area for development of ground water is within

the Three Rivers reentrant.
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Climate

The western part of the Three Rivers area is semiarid and is
characterized by scant precipitation, low relative humidity, and
strong winds during the spring. Winters generally are mild, and the
summers have hot days but cool nights. The eastern part of the ares,
however, has a somewhat different climate because the precipitation
increages and the air temperature decreases with altitude. (See

fig. 3.) The amount of precipitation on the Sierra Blanca is

Figure 3.--Graph showing relation of temperature and precipitation
to altitude on west side of Sacramento Mountains, Otero

and Lincoln Counties, N. Mex.

considerably greater than that in the lowlends. Owing to the lower
temperatures, much of the precipitation, especially in winter, is
stored as snow and ice, which contributes to the perennial flow in
the tributaries of Three Rivers.

Except for precipitation records from 1909 to 1932 at Three
Rivers station, long-term climatic records are not aveilable for
the Three Rlvers area; records of the automatic rain gages were
obtained for only 2% years or less. (See section on surface

water, p. 5
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Because local precipitation is the source of recharge to the
water-bearing formations, a general knowledge of the amount of
precipitation and its distribution is desirable. Table 1 shows the
records of precipitation for the period 1956-59, and the normal monthly
precipitation, as calculated by the U.S. Weather Bureau, at six sta-
tions near the Three Rivers area. Records at these stations range,
in length from 33 to 52 years. The table shows that about 60
percent of the annual precipitation is distributed from May through
September, a period during which most precipitation comes in thunder-
storms. The data show also that precipitation veried widely during

Alamagordo in 1486 to abowT 66 percent above normad

the four years, ranging from nearly 70 percent below normel at A ot
Tularosa in 1958. The last of a series of drought years was 195€.
Precipitation at all stations was near or slightly above normal in
1957, above normal in 1958, and near normal in 1959. These year-
to-year fluctuations are reflected in the records of ground-water

levels and streamflow.




Table l.--Monthly and annual precipitation and departures from normal at six observation stations near the Three Rivers area, New Mexico, 1956-59

[Data from U.S. Weather Bureau, ¥56~59y Annual Summaries.

Values for all stations revised by Weather Bureau in 1957; 1957 revision used herein.

Values for normal precipitation based on period of record.

E, estimated; T, tracel

Year Jamary February Mareh ] April ’ gh:yét V;;guneé ” .,u%y e Augpsté September October T November December Annual
. b VN R TN . SR W I 1 e - ! | ! ! i R
1956 P ~0.62 |FO.45 ~0.07 | 0 ~0.4k4 | £0 -0.41 |0  ~0.57 | 0.43 -0.32 o.86:~o.66 0.08 +1.66 | 0.23 -1.18| 0.69 -0.22 | 0 ~0.59 | 0.19 +0.k9| E2 +T.23
1957: b 3-.35 1.22 ? 68| .93 i .62 37 €O R BT .96§ 72| 4.39 | 2.97 .935 -.67 3.25? 246 B 42 B ;-.60 E13.33 3.57
1958 E.89 | .12 ds s ools.eie 5B .21l B4 .07 107 3@ 1.12f w501 2.90 1 1.28 | 3.00: 1.49 [ 1.50]| TL| .59{-.08; 7 -.60|E15.25 5.49
R e R 0 L SR .66: 15| 41 -3k | 1.35 -.33| 6.67 |5.25| .C@ -1.58 b5 -.3h fTEmJ[:fss .54 -.06] 10.78 1.2
Normal, .77: P SF Sk| 3 2 .37 | sy S 76 A5 | I4g | BB AL RAE| Lo 60 .77v s§ . Ad b .o <601 2.7. -6
| Carrizozo - 48 years of record - Elevation 5,438 feet

1956 [0.30 -0.35 | 0.54 ~0.18 | O ~0.70 0.06 -0.58 | 0.14 -0.67 | 0.67 -0.29 | 2.15 -0.18| 2.50 0.26 | 0.04 -1.49| 0.8% ~0.10| O ~-0.56 | T }0.79 7.23 ~5.63
157 | .36 | -.39 | 1.62 | .55 1.76( 1.05| .62 ~.08| .39 «.56| J11 =1.03 | 2.0T =12 2.67| 40| .2k »1.84|2.3% 1.42|12.21 : .66 | .20 -.63 13.59 ‘-.29
1958 | .49 | -.26 32 =45 | 2.75 2.2 1.30 . .60 1.37' A2 3.2 2.08 | 4.00 1.81| 1.30 .97 4.50 o.42  3.45 .53 .95 .ho| .20 -.63| 21.85 |7.97
1959 | .13 -.62 38 leshS ] DB 6T 50 w20 6B -2T|150 %6 | 2191 60|55k 1oy Ll w10k 1.16" Bl 10w U5 1195 | B2 12,17 1T
Normal .75 <75 | .77 <TF| 73 B 70 & 95~ 5|/ i | 279 29| 2.27 2:0%| 208 2081 92 @} .55 554 .PF | =83 /755 1380

: Clouderoft Renger Station - 52 years of record - Elevation 8,700 feet
1956 [1.16 ~0.55 | 2.25 0.65 | 0 «1.37| 0.57 =0.29| 0 -1.14 | 1.hk2 -0.29 | 6.01 1.00| 3.84 -0.80| 0.02 -2.88| 1.55 -0.03| T =~1.16|0.90 -0.61| 17.72 -T.h47
1957 1L.50 =-.26 | 2.7h 1.16 | 5.51 :2.01 1.00  .11| .56 -.64| .40 -1.59 | 3.02 -2.75| 7.02 2.45 RLRE u.72‘ 3.25 | 2.0 1.52 | .3k «1.22 27.65 | 1.8
1958 B.16 1.40 | 3.28 1.70|7.31|5.81| 1.06 ' .16| .65!-.55|1.25 =-.Th h.66‘-1.11 7-51 2.94 4.78 | 2.18 5.06‘ 1.59| .85 -.03| .23 -1.33| 37.80 12.02
1959 | .0 =1.72 | 1.31 ‘-.27 10 1.%0| .05 |-.85| .32 -.88|1.5%5 -.k6 | 8.8 3.071|6.90: 2.33| .05 -2.55 | .64 -.85| .06 -.82|1.22 |-.34| 21.06 |~4.72
Normall/ 74 =76 | /.59 A58(/.30 1-—.1—:‘56’ 90 —~90H /20 20| /99 399 | 5777 ST 457 #5F | 2.60 266 /.%7‘—}#7‘ £E 881 /56 3561 ZsT7F 2578

} Mescalero - 33 years of record - Elevation 6,585 feet
1956 0.50 0.30 | 0.18 ~0.84 | O 40.87 0.28 -0.42 | 0.08 -0.98 | 1.88 0.46 | 1.97 -2.09 h.21‘ 0.43] 0 Le.eh 1,68 0.5 0 -0.92 | 0.45 ~0.69| 11.23 58.15}
1957 R WY 5808 B 158 L0 B =05 | T Bl BT ST | WSt S50 6.30’ 2.80| .90 =1.32| 3.97 2.82|2.08 1.%1| .14 (-.99 2h.74 ‘6.772
A0 AU6 T .89 Y85 0 SBT3 118 0 GBB | LJT6 =18 | 50 BOET 3.15: ~ 46| b U4T | 9T |5.9% '3.T2| 1.55 ' .4011.15 | 48| .20 | -.98| 29.36 11.§—J
1959 | .08 ».91 [ 170 7| .06 -.80| .0b1-.66|1.10 -.2101.37 .66 | B.57 <1.0k 5.59‘ 2.09| 0 ;2.22 .82l -.331 0 -.67|1.61L .48 14.89 ‘—5.08
Normal .24 <S4 | .79 .99 --94j B Fo| o .§Y B85z | 24/ BOL| 750 B0 222 880 /5 X35 7| T s (3538 7P R 3 .

| Mountain Park - 36 years of reconmd - Elevatian 6,720 feet | | i
1956 [0.50 -0.68 | 0.75 ~0.30 | O -0.85| 0 ;0,70 0 -0.84 | 1.69 0.28 | 2.36 -0.69 3.58: 0.13| T =~2.29|1.19 -0.27| O 99.85 0.30 ~0.85 10.57'»7.§i}
1957 . | 480 | =.15 | 2.38 | 1.36 2.50‘ 1.05 .25 ?-.57 T ol kil 2360 B1lsuE s A 8 }1.88. 440 3.10|1.5% .89 T ;1.01 20,95 4.C 1
1958 R.39 1334 | 1.45 | k3 h.o1 | hOh| .96 ; 3k 1.57 .85 | 1.800 07 |3.16 .01 1.8&2-1.2& h.51 2.48 2.69: 1.39| .45 -.20| .10 !-.91| 25.43 ;8.585
1959 ©  |-1.05 | 1.20| .18|0 é L ‘-.47 48 -26| .65 -.68 3.39‘ 2k 5.855 2.T71.0 }2.05 .uéi -8 T -.65|1.05 T JO4 1%.23 {-3.62
Normal/os~ 305 | /.02 —1—92 F7 | SH a2 6 .7¢ T, 37 55| £/s —3—&5‘3&;*—3&8 .?.43;2795 /.34}}75& LG5 65| Lo 1:0r /4.32;‘{6785-

| | | [ Tularosa ~ 47 years of record - Elevation 4,450 feet ; 1 : 2 |

1956 | T -0.47 [E0.25 +0.27 | O _;o.h5 0 ;o.u7 0.2 -0.48| T -0.78 o.5of—o.95 o.84j-o.72 1:10 Lo.sl 2.52 §.85 0 +O.4T|0.13 Lo.sl E5.36 g—h.2l
1957 [;Eéel .05 | 1.18 | .66|1.12 | 7l 25 f-.za 25 —.25 028 -.50 | 2.00 .57| 243 .87| .3 +1.30| 2.80 2.13| .67 | .20 0 é-.su 6| 2.2
1958 1.05§ .58 .21 f-.31 2.59i 2.1kl 45T | 20| 34| -.16 | 1.80] 1.2 .75? -.T0 3.06T 1.50| 3.42 %1.81 1.50 ! W85 50 { 0510 j-.6h 15.7T E 6.20
1959 .05; -2 | .36 i-.16 0 ; =450 .03 (-.hk .61& A1 E.6h} -.14 El-59i .16 2.10! Skl .04 L1.57 .5k %~.15 .01 | -.56 .07 a A3 E7.04 1-2.53
Norma| -*‘7; Gl -J'olf A -¥7E A o se| 7 8. 6‘3%&#& /-féffﬂi& e R B e 2 61/1 64 7.57_1 L
;/ Normal used by Weather Bureau for 1956 retained for use in 1957-59. owing to-—ehift of sbetionof less then O.2 mile. Weather Bureau records show no

VA lueS
departurgé«for 1957-59.
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Drainage

Drainage in the Three Rivers aree is westward from the Siexrra
Blance and its adjacent uplands through arroyos that are dry except
during and immediately after thundershowers. The large arroyos head
in mountain canyons; the small arroyos head on the alluvial fans.
None of the arroyos drain large basins.

Three Rivers, the master stream in the area, parallels the
trend of the arroyos and has only a few short tributaries in its
lower reaches. From the south end of the Godfrey Hills eastward,
however, the Three Rivers drainage system has a well-developed
dendritic pattern. Four major tributaries join at the south end of
the Godfrey Hills: Minnie Hall Draw, an arroyo, drains southward;
Three Rivers Canyon, which heads on Sierra Blenca, is perennial in
its upper reaches and drains west-southwestward; Indian Creek, which
also heads on Sierra Blanca, is perennial and flows west-northwestward;
and Golondrine Draw, which heads on the south slopes of Sierra
Blanca, drains northwestward. Three Rivers Canyon and Indian Creek
yield the most water, owing to the high altitudes of their upper

reaches.

16




.,_/.‘\

Geology

The following description of rocks in the Three Rivers area
includes the work of R. A. P. Gaal, who mapped the area during the
sumer of 1956. His work consisted of a recomnaissance of about
100 square miles and detailed mapping, at a scale of 1:62,500 on
Geological Survey topographic maps, of the recentrant area and the
area from U.S. Higlrway 5. eastward to the Godfrey Hills and southward

to the Three Rivers (fig. 4). The field data have been modifled in

Pigure l.--Geology of the Three Rivers area, Otero and Lincoln

Counties, N. Mex.

accord with data from test drilling and have been highly generalized

and simplified, particularly in the reentrant area.
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Geologic formations and their water-bearing properties

-

Sedimentary rocks exposed in the mapped area range in ege

o

from Triassic to Recent. They include a sequence of consolidated

to unconsolidated detrital deposits. Extrusive and intrusive
igneous rocks of

large parts of the area.




Triassic System

Dockum Group

Red beds of the Dockum Group crop out sporadically in the area.
The group consists of dark-red to maroon shale, silty shale, and
light-gray siltstone at the top. Its thickness in the Three Rivers
area, estimated from cross sectlons, is about 150 feet.

The Dockum Group is not known to yield water to wells in the
Three Rivers area; it was not penetrated during test drilling in

the Three Rivers reentrant.
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Cretaceous System

Dakota(?) Sandstone

The lower part of the Dakota(?) Sandstone (fig. 4) consists of
a massive yellow to brown conglomeratic quartzose sandstone, the
exposed surface of which commonly is masked by dark-brown or black
desert varnish. The lower part of the Dakota(?) is thick bedded, is
highly resistant to erosion, and contains numerous rounded quartzite
pebbles in a thin zone at its base.

A thicker sequence of thin~ to thick-bedded white, buff, and
gray t0 pale-green sandstone and siltstone characterize the upper
part of the formation. Total thickness of the formation is about
65 feet.

The Dakota(?) Sandstone yields water to wells and springs in
nearby areas, but in most of the Three Rivers area it is deeply
buried and probably contains water of poor quality. The Dekota(?)

was not penetrated during test drilling in the Three Rivers reentrent.




Mencos Shale

Interbedded gray to black fissile marine shale, siltstone,
and gray or white calcareous fine-grained sandstone of the Mancos
Shale is poorly exposed along Three Rivers near Ryan Ranch and in
the arroyos west of the Godfrey Hills. Locally the sandstone contains
disklike ironstone nodules and veinlets. A thin gray limestone
occurs near the base. The units appear to be highly lenticular.

The Mancos Shale probably is as much as 1,000 feet thick in the
Three Rivers area.

The Mancos Shale was not penetrated during test drilling in
the Three Rivers reentrant.

Three wells in the Three Rivers area probably obtain water from
the Mancos Shele: wells 11.9.25.412, 11.9.26.433, and 11.9.35.122.
The Gatehouse well 1 (11.9.35.122) had & reported vield of 5 to 6
gpm; weter from the well contained 2,530 ppm (parts per million) of
dissolved solids, or nearly twice that of most wells in the area.
Most of the formation is relatively impermeable, and the quality of

water in it probably is poor.
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Mesaverde Group

The Mesaverde Croup is well exposed west and east of the Godfrey
Hills and along Three Rivers in the southwestern part of the mapped
area. The lower of two units consists of a series of pale-yellow
to white, buff-weathering thin~ to thick-bedded fine- to medium-grained
quartzose sandstone and some thin beds of gray siltstone and scams
of low-rank coal. The upper unit contains less siltstone and more
thick~bedded massive sandstone, commonly cross laminated, which appar-
ently grades upward into the red siltstone and massive white sandstone
of the overlying Cub Mountain Formation of Bodine (1956).

Selenite bands and rosettes oceur in many of the upper silt
and claystone units. Polyponal patterns on weathered surfaces
characterize the upper sandstone beds. Total thickness of the group
probably is 500 to 600 feet.

Rocks of the Mesaverde Group were penetrated in all but three of

the test holes drilled in the Three Rivers reentrant.

mnry
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The beds of sandstone of the Mesaverde Group are a source of
ground water in the Three Rivers area although the sandstone is
relatively fine grained and is cemented; as a result, its permeability
is low, and wells finished in the group have relatively small yields.
The group probebly would yield larger amounts of water where it has
been distorted structurally or shattered. The quality of water in
the Mesaverde is good where it crops out in the eastern part of the
area. Where the sandstone is buried, however, and 1s some distance

from the outcrop, the quality of water is poor. The selenite is

one source of sulfate in the ground water.
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Cretaceous(?) and Tertiery(?) Systems

Cub Mountain Formation of Bodine (1956)

Clastic sedimentary rocks of the Cub Mountain Formation of
Bodine (1956) of Cretaceous(?) to Tertiary(?) ege crop out erratically
in the northern part of the reentrant and along the steep northern
escarpment of the pediment adjacent to Indian Creek.

The Cub Mountain is mostly variegated shale; however, massive
sandstone, interbedded red to variegaeted siltstone, and some claystone,
conteining selenite and gypsum rosettes, occur near the base of the
formation, and a sequence of thinner bedded siltstone and sandstone
appears toward the top of the formetion.

Thin lenticular zones of silica-pebble conglomerate occur near
the contact of the Mesaverde Group and the Cub Mountain. For
expediency in mapping, the lowermost red siltstone was arbitrarily
mapped as the base of the Cub Mountain.

A complete section of the formation was not found in the Three
Rivers area, but the total thickness is greater than 500 feet and
may be as much as 1,000 feet. The Cub Mountain was penetrated in

test holes T-1, T-4, T-5, and T-7; the maximum thickness of Cub

Mountain penetrated was 260 feet in test hole T-7 (table 7).
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except in areas of structural distorti

yields moderate quantities, 50 to 100 gpm, of

of good

to wells near the outcrops in the eastern and ecast-central parts of

the area.




Igneous Rocks

Sierra Blanca has & syenitic core that has been intruded by
large monzonite dikes and stocks of relatively unlform composition.
The western flanks of Sierra Blanca are composed mostly of andesite

porphyry, breccia, agglomerate, tuff, and associated rhyolite and

latite flows of Tertiary(?) age. A major part of the alluvium between

Three Rivers Canyon and Indian Creek was derived from these rocks.

The Godfrey Hills are composed of a thick complex sequence

of andesite, latite, basalt, tuff, and breccia and presumably consti-

tute an outlier of the main volcanic complex exposed in the Sierra
Blanca.

The Cub Mountain Formation and older rocks have been intruded
and cut by numerous igneous dikes and sills of varying composition,
including andesite, latite, quartz monzonite, rhyolite, and lampro-
phyre. Such intrusive rocks can be seen at the surface and in the
cuttings from test holes T-6, T-7, and T-8.

Topographic prominences heve resulted from the resistance to
erosion of sills and dikes, Excellent examples of these occur

in the west- tral part of the Three Rivers reentrant and also

immedliately west of the Godfrey Hills, as at Pictograph Hill, which is

capped by an andesite porphyry sill.
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Little is known of the water-bearing chareacteristics of the
igneous rocks. The only data available are for a few wells and a
spring in the Godfrey Hills. The sills and dikes of the reentrant
apparently are impermeable and invluence the movement of ground

water in the formations they have invaded.
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Quaternary System

Unconsolidated terrace deposits rest on the remnant of an
ancient stream-cut terrace or pediment south of Indian Creek. 8Silt,
angular sand, gravel, and large boulders derived from the Sierre
Blance compose the deposits.

The bedrock floor beneath the reentrant east of the Godfrey
Hills is overlain to variable depths by & mantle of alluvium, which
is thickest in the vicinity of Three Rivers Canyon and near the
confluence of Three Rivers Canyon and Indian Creek. The maximum
thickness of alluvium penetrated by the test holes was about 130 feet
at test hole T-5. About 105 feet of alluvium was penetrated in test
hole T-2. At all the other test holes, the alluvium was less than
100 feet thick; the minimum thickness was 30 feet at test hole T-1l.

The alluvium is a heterogeneous mixture of clay, silt, sand,
gravel, and boulders derived from the flanking mountains. This
material was deposited on stream terraces, in assoclated stream
channels, and probably 1n several depressions created by faulting
of the underlying consolidated rocks.

Reddish-brown eolian silt and fluvial gravel mantle the
western terrace slopes and the fans eand flats west of the Godfrey
Hills. Some of the sllt beds are cemented with caliche and contain
Indian relics, which date the beds as Recent and indicete that the

caliche probably was emplaced during the past 1,000 years.
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The alluvium of Quaternary age is the most permeable stratigraphic
unit in the Three Rivers area, owing to large grain size and lack
of cement and consolidation. The alluvium is relatively permeable,
and it ylelds several hundred gallons of water per minute to wells
in favorable areas. The saturated zone in the alluvium is thin in
many areas, and the alluvium is above the water table in others. The
quality of water in the alluvium varies irom one part of the area
to another and, as in the Mesaverde Group and the Cub Mountain
Formation of Bodine (1956), is best in the central and eastern parts

of the area.
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Structure

The regional structure is characterized by general low to
moderate northeestward dips. The attitudes of beds change considerably
in the reentrant area, where the dips also are generally northeastward
but are steeper.

The major faults in the Three Rivers area trend northwestward
and northeastward and have normal displacements of several hundred
feet. Minor faults are widespread and trend generally northeastward.
The extensive deposits of alluvium and talus conceal many of the
faults, some of which have been discovered by test drilling. The
faults affect the thickness of the zone of saturation in the alluvium
and probably affect the movement of water in the consolidated

‘ sedimentary rocks.

The Godfrey Hills lie in & poorly defined northwest-trending
syncline. Pictograph Hill and the adjacent outcrops of consolidated
rocks form northeastward-dipping cuestas, and the area immediately
south of the Three Rivers reentrant and adjacent to Indien Creek

is a dissected pediment.
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-li ’ Water Resources

The studies upon which this report is based included evaluations

of the supplies of water in streams in the Three Rivers area and
the supplies of ground water in the several geologlc formations.
Because of the wide fluctuations in stream discharge, ground water
was considered to be & desirable supply. The presence of several
irrigation wells and numerous stock wells in the Three Rivers area

indicated that ground water was aveilable.
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Surface Water

To implement the study of the surface-water supplies, four
stream-gaging stations were instelled and equipped with recording
gages from May 1956 through September 1958. Three of these stations
are on principal streams--on Three Rivers near Three Rivers (station 1,
above Lincoln Canyon, sec. 34, T, 10 S., R. 10 E.), on Indien Creek
near Three Rivers (station 2, above all diversions), and on Indian

Creek at mouth near Three Rivers (station 5). (See fig. 5.) The

Figure 5.--Hydrologic data and quality of water in the Three

Rivers area, Oteroc and Lincoln Counties, N. Mex.

fourth recording gage was on Indian Creek flume near Three Rivers
(station 3, sec. 9, T. 11 S., R. 10 E.), through which passes most
of the water diverted from Indian Creek for irrigation. Diversions
from Indian Creek through a small ditch that leaves the creek Just
above gaging station 5 at the mouth of the creek were measured also
(station 4). Supplementary miscellaneous measurements were made

in Three Rivers Canyon above the gage in the area where flow apparently
is perennial and below the gage where flow generally is intermittent.
The monthly flow past the recording gages, in acre-feet, and the
precipitation, as measured by recording rain gages at three of the
stations, are shown in table 2. Results of the miscellaneous

measurements in Three Rivers Canyon are shown in table 3.
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© Table 2.~--~Runoff and precipitation at gaging stations in Three Rivers area, Oterc and Lincoln Counties, N. Mex., 1956-58

(See fig. 5 for locations of stations.)
Qgg;_ﬁrn- Livers +

s Three Rairs 2 near Pirea Riven A Diversion from &
e SRS WFETE REET Tadhi WIS gl
. (a3 T 185 R10E)  RIOR) 7 By (e mMED) o near Thees R\ R e e
T 6.9 sq mi 6.8 sq mi - - 10.9 sq ml s
Precipi- Precipi- Precipi~ Percent of
Runoff tation Runoff tation Diversion Diversion Runoff tation Acre-feet ow at
(acre-feet) (inches) (@cre-feet) (inches) (acre-feet) {(acre-feet ) : (acre-feet) (inches) an Creek
- e
1956
May 0 - - - - 5.8 0.7 - - %
June 0 - 6.7 - 8.6 1.6 26 - +2§.5 4o
July 0 - 51 - 17 0 45 - +11 .
August o i 406 s 177 o 220 " -9 2.2
o R e - 16 - 18 0 1.9 0.99 +3.9 24
October 0 0.80 11 1.10 11 0 4 .50 + .4 3.6
November 0 - 9.9 - 8.1 0 5 - »-1.5 13
December 0 .35 8.2 .25 6.6 0 .5 .04 -1.1 13
1957
Jenuary 0 .83 12 .86 8.4 0 .35 -2.9 ok
February 1L 1.45 23 1.67 19 o] o7 -3.2 1h4
March 61 1.24 101 1.9 89 0 1.4 1.28 ~10.6 10
April 127 Lo 211 .39 167 ) .6 25 -43.4 21
May 89 - 22k - 193 ) T .10 -30.8 1k
June 2k .10 87 - 69 0 0 - -18 21
July 4.6 2.42 3 .89 19 o i .12 +119 384
August 62 1.48 185 3.78 127 0 ok .59 +36 19
September 20 .10 240 5o %0 0 83 1.89 ~117 k9
October % 1.9 229 3.49 100 0 107 2.66 22 9.6
Novenber 9% .35 173 .53 17 0 31 .36 -125 72
December 43 s | T 1% 48 9.1 6.9 .03 -10 1k
e |
January 25 .32 21 54 26 12 3.5 11 +14.3 b
February 35 X1 b7 .20 5 8.4 5.8 it +12.2 26
March 220, 3.02 158 3.81 123 b 1k 2.71 est.  -17 11
April 905 8o 8 1.20 104 6.1 428 22 -308.9 36
May 5% 1.42 860 48 139 6.5 512 13 -202.5 24
June T2 T2 146 1.60 95 5 78 .60 +32 22
July 1k ‘R 3h 1.40 23 0 L7 .10 +%6 . 106
August 34 1.10 3h 35T . 0 b1 .55 = #
September 179 1.90 yi2 - - 0 146 - - -
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Teble 3.--Miscellaneous measurements of flow in Three Rivers Canyon, Three Rivers area, Otero and Lincoln Counties, N. Mex., 1957-58

Flow in cubic feel per s€cond,  Fiew{efs)} and date
Description and location of gaging site 1957 ] 1958

3=25 k-9 5=-21 6-24 T-23 8-20 9-18 10-22 -6 11-20 12-18 1-15 2-19 3-18 k-3

E
North Branch,fnorth fork of Three Rivers - - 0.50 - 0415 0.07 0.61 - - - - - - ¢ -
Canyon: NWENWESW: sec. 30 (projected),
T‘ lo SU’ Ro ll E.

South Branch, north rork-.w‘(%uw{w} sec. 30 - - 81 - .01 .56 31 - - - - - - - -
(projected), T. 10 S., R. 11 E.

North fork: SELSERSE}; sec. 25, - - 1.33 - . A2 A7 - - - o . " 5 >
T. 10 8., R. 10 E.

Three Rivers Canyon below south fork: B - 1.9 - .08 T2 81 - - - - - - a 2
SwiNg} sec. 36, T. 10 S., R. 10 E.

Three Rivers n, 500 reet:/above Dry 0.58 1.45 1.29 0.1 O 17 .68 " 3 @ 0.41 0.12 0.58 3.00 T.76
Canyon: sec. 35, T. 10 8., R. 10 E.

Three Rivers Canyon, 500 teebybelow - 2.20 1.57 Ol .02 .36 .96 - - 1.0 2 .69 .39 64 3.32 8.68

Dry Canyon: wamgsec. 35
T. 10 8., R. 10 E ’

Three Rivers Canyon at Forest boundary: - 2.23 - - - - - - - - . - - - -
sec. 34, T. 10 8., R. 10 E.

Gaging station in Three Rivers Canyon 87 2.12 1.39 0 0 .18 67 - - 1.8 // .68 .35 .57 3.23 8.50
above Lincoln Canyon: NWENWE sec. 34,
T. 10 8., R. 10 E. 2

Three Rivers, half a mile below Minnie - - - - - - - 2.9 0.15 = 0 0 0 0 0
Hall Draw: NWiSWwE sec. 13, T. 11 8.,
R. 9% E.

Three Rivers, 100 above Rattlesnake : - - - - - - 0 0 - 0 0 (o} 0 0
well: guéw&!wm 23, % 11 8., =
RO B N

_1_/ Sections range in distance from 200 to 500 feet from mouth of Dry Canyon.

2/ Ice along banks of stream during measurements.




Stream Chexrecteristics

Three Rivers Canyon and Indian Creek are perennial in their
upper reaches, and all stream courses in the area intermittently
carry floodwater, occasionally in large amounts after infrequent
heavy thundershowers. Several factors govern the flow characteris-
tics of the several lesser drainage basins, among which are
meteorological conditions, topographic variations, geologic phenomena
such as structure and character of the rocks underlying the streambeds,
and manmade conditions such as diversion works.

Daily rates of dilscharge in Three Rivers Canyon (station 1)
generally do not fluctuate abruptly, but the annual discharge fluctuates
more than 30 cfs (cubic feet per second). Flow past the station is
maintained both by rainfalland by melting snow and ice. Flow resultin
Trom snowmelt continued to about the middle of June in both 1957 and
1958. TForest cover in the upper reaches of the canyon aids in smoothing
the response to sumer rains. The canyon channel above the station
(altitude approximately 6,175 feet) has a drainage area of about

6.9 square miles.



The gage in Three Rivers Canyon (station 1) recorded no flow
during 8 months of 1956 and 1957. Reaches of the stream above the
station, however, had perennial flow. General observations throughout
the time of the investigation and miscellaneous measurements in
1957-58 (table 3) show that the stream flowed most of the time at
most of the sites gaged above the station. The miscellaneous
measurements show also that parts of the reach above the station gain
in flow, whereas other parts lose water into the streambed. Gains
and losses occur several times before the flow finally seeps into the
Quaternary alluvium of the lower slopes.

During the water year ended in September 1958, there were only
a few days of no flow at the station in Three Rivers Canyon, owing
to the above-normal precipitation during that period. Records from
the gage show that runoff during the 1957 water year was 581 acre-
feet, whereas runoff during the 1958 water yeer was 2,320 acre-feet.

Daily discharge rates of Indian Creek at the uppermost gage
(station 2) generally change smoothly partly because of the forest
cover above the station. The annual range in daily discharge is
about 35 cfs. Flow resylting from snowmelt ended about the middle
of June 1957 and about the end of June 1958. The canyon &bove the
station (altitude approximately 6,250 feet) has & drainage area of

abour 6.8 square miles.




The record from the gage at station 2 indicates that Indian
Creek flows most of the time. During the dry period of 1956 end early
1957, the creek did not flow for 16 days of the period of record
beginning May 19, 1956, end it flowed less thean 0.1 cfs for several
weeks. During the period of above-normal precipitation in 1958,
the creek flowed continuously. During the 1957 water year, 1,140
acre-feet of runoff passed the gage; during the 1958 water year,
runoff was 3,040 acre-feet.

Diversions from Three Rivers Canyon are small. Water that is
diverted is used mainly for stock. Water from Indian Creek, however,
is diverted on the Mescalero Apache Reservation for irrigating crops
and watering stock. The water is diverted by a rock dam on the creek
in sec. 10, T. 11 S., R. 10 E. The amount of water diverted was
measured with a recording gege (station 3) on & flume that carried
the diverted water over Indian Creek in the NEANE: sec. 9, T. 11 S., R. 10 E.
Records from this gege show that water nearly always is diverted
if the creek is flowing. Of the 1,140 acre-feet of water that passed
the upper gage in the 1957 water year, 757 acre-feet was diverted
to Indian use. During 104 months of the 1958 water year, 720 acre-feet
of water was diverted, indicating that use by the Indians is fairly

constant 1f the water is available.
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Water is diverted from Indian Creek also by & low dam immediately
above the gage on Indian Creek near its mouth, in
sec. 13, T. 11 S., R. 9% E. The flow at the second diversion point
was measured with a Parshall flume (station 4). During the period
of observation, diversions generally were less than 10 acre-feet
per month. During the latter part of the 1956 water year and all of
the 1957 water year, no diversions were made, owing to the disrepair
of the diversion works.

The lower reaches of Three Rivers Canyon and Indian Creek, the
lesser tributaries, and the main stem of Three Rivers generally have
common characteristics. These stream courses are dry, except when
runoff due to snowmelt is sufficient to reach the lower reaches
and when thundershowers fall in the Three Rivers reentrant. Most
of the time the stream courses lose water, but occasionally ground
water may discharge to the stream. Records from the gaging station
on Indian Creek at its mouth (station 5, table 2) indicate the cheracter
of flow in the lower reaches. In addition, crest gages on Minnie
Hall Draw and Three Rivergs at U.S. Highway 5/ and several slope-

area measurements provide supplemental data.
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a‘t 3TQ+)'UH ‘5.
The gng%‘en—iu&ian-ereek—aear—*%eqneuth showed that during dry

or near-normal years? the creek at that location is dry, or nearly

so. Daily discharge rates fluctuate abruptly as a result of flash
floods; 4he annual fluctuations are 65 cfs or more. The record shows
that most flow in the creek probably results from rainfaell, and only
during wet years does much snowmelt pass the station, as in 1958.

The Indian Creek drainage basin above the gage (altitude approximately
5,300 feet) includes about 10.9 square miles, 4.1 square miles more
than that above the upper gage.

Gaged surface flows during the period of record clearly indicate
that Indian Creek between the two gaging stations generally is a
losing stream. Table 2 shows monthly losses as great as 300 acre-
feet. The difference is computed by subtracting the runoff at the
upper gage from the sum of the diversion at the flume, the diversion
at the mouth, and the runoff at the mouth of the creek. All but
three of the figures that show gain between the two gages are for
the summer, during which time heavy showers fell in the reentrant.
Taking all gains and losses into account, the net difference for 26
months amounted to an apparent loss of 628 acre-feet. The apparent
loéses were less than the actual losses, as the contributions of
water from the 4.1 square miles of drainage area between the two
gaging stations cannot be segregated from the flow past the upper

gaging station.
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Three Rivers Canyon aleo loses water, though the losses have not
been measured a&s accurately as those from Indien Creek. Table 3 shows
miscellencous measurements in Three Rivers Canyon. In March and April
1958, during the period of continuous flow from snowmelt, the station
above Lincoln Canyon was recording flows of 3 to 9 cfs, but the
niscellaneous measurements below Minnie Hall Draw and farther
dowvnstream indicated no flow.

Observed floods in the lower parts of the Three Rivers area have
lasted from 4 to 6 hours in most of the arroyos, but flows from the
major tributaries have lasted several days. Owing to the steep grades
and relatively sparse cover, runoff from the lower parts of the area
is repid--unlike the generally smooth runoff of the mountain canyons,
where forest cover and ground-water discharge act as controls. Peak
dischargee in the several streams show that much of the flooding is
due to precipitation in the reentrant--for example, on July 26, 1957,

the peak discharge at the upper Indian Creek gage was 500 cfs, butf,at

the gage at the mouth of the creek‘ the peek discharge)was 2,260 cfs.

This same relation has been observed several other times--though the
discharge rates were less, on the order of 100 to 500 c¢fa. Large
floodflows have been observed in most of the arroyos of the area, but
few have been measured accurately. One measured discharge, considered
provisional, wes in Minnie Hall Draw on July 3L, 1956. Rainfall on the
9.89 square miles above the crest gage produced a peak discharge of
685 cfs, as determined by the slope-area method. On the same date,
provisional data indicate a peak discharge of about 850 cfs in Three

Rivers at the U.S. Highway 54 bridge.
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Potential Supplies from the Streams

The records accumulated during the investigation of the surface-~
water supplies in the Three Rivers area show that an appreciable
amount of surface water is available. During 29 months of gaging
in Three Rivers Canyon, about 2,900 acre-feet of water passed the
station. This amount is equivalent to 5.3 acre-feet per day, or
about 1.1 mgd (million gallons per day). During 28 months of gaging,
about 4,660 acre-feet of water (about 1.8 mgd) passed the upper gage
on Indian Creek, and ebout 2,030 acre-feet of water (about 0.7 mgd)
passed the gage at the mouth of Indian Creek. Thus, if the water
diverted from Indian Creek and the losses downstream were neglected,
1.8 to 2.9 mgd would have been available if the flow of the two
streams had been impounded during the period of cobservation. These
Tigures include only that water which passed the gages and do not
include floodflows from lower Three Rivers Canyon, Minnie Hall Draw,

Golondrina Draw, and the lesser tributaries.




Potential supplies such as those cited above do not take into

account variations in streamflow. Figures 6, 7, and 8 show that for

Figure 0.--Duration curve of daily flows, Indian Creek
(sec. 10, T. 11 S., R. 10 E.) near Three Rivers, N. Mex.
T.--Duration curve of daily flows, Three Rivers €anyen
(above Lincoln Canyon, near Three Rivers, N. Mex.
8.~-Duration curve of daily flows, Indian Creek at

mouth, near Three Rivers, N. Mex.

the 20 to 29 months of observation at the three gaging stations the
discharge at the upper Indian Creek gage exceeded 1 mgd (1.55 cfs)
only 37 percent of the time, that at Three Rivers Canyon only 21

_ bercent of the time, and that at the mouth of Indian Creek only 1l
percent of the time. Table 2 shows the changes in streanflow from
a dry to a vet year. These data on changes in streamflow illustrate
the necessity for storage reservoirs, if the surface waters of the

Three Rivers area are to be utilized.




Chemical quality of Eurface water

Chemical analyses of 15 samples of surface water from the
Three Rivers area are given in table 4. Of these, 5 samples are
from Indian Creek, 4 samples from upper Three Rivers Canyon, and
6 from Three Rivers Canyon in the lower perts of the reentrant and
the main stem of Three Rivers.

The water from both upper Three Rivers Canyon and Indian Creek
generally contained only small amounts of dissolved solids (table 4).
Three of the four water samples from upper Three Rivers Canyon
contained feem 230 to 340 ppm of dissolved solids, including 99 to
119 ppm of sulfate. Water from Indian Creck generally contained
even smeller amounts of dissolved solids; the amounts in 3 of %
samples ranged from 162 to 220 ppm. The sulfate content in 4 of
5 samples was less than 90 ppm. One sample from each of the streams
contained larger amounts of dissolved solids. A sample from
Three Rivers Canyon at the ford in the NW{ sec. 34, T. 10 S., R. 10 E.,
contained 7lhk ppm of dissclved solids, including 283 ppm of sulfate.
A sample from Indian Creek below the diversion dam near the center
of sec. 10, T. 11 8., R. 10 E., contained 861 ppm of dissolved solids,
including 39> ppm of sulfate. Both saumples were vanéi &t low flow
in the streams. The reasons for the higher mineral content of these
two samples ZQ-ZOt known. Despite the higher mineral content, the
two samples were es good in quality as the best ground water in the

Three Rivers area.
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Table 4.--Chemical analyses of surface water in the Three Rivers area, Otero and Lincoln Counties, N. Mex.

e

esults in parts per million except as indicated. (Analyses by U.S. Geological Survey,) Dissolved solids is residue on evaporation except as indicated.]

qi
[ | ! ' ( Dissolved Hardness ’ Specific
‘ ! ! f 3 solids as_CaCOg v Sodium | conduct-
Temper-, . ; | Cal- ‘Ma.gne-‘ Potas- Bicar-| Sul- Chlo- Fluo-| Ni- Parts {Tons Calcium,, Non Per- adsorp-| ance
Location Stream and description Date ature [Silica Iron cium sium Sodium sium bonate fate ride [ride ‘trate | per :ﬁpr magne- lcarbon- cent tion (micro- pH Remarks
No. ‘ of sampling site ' collected| (°F) |(S8i0,) (Fe) (ca) (Mg) ' (Na) (K) @ (HCOg)| (804)|(c1) ' (F) ;(NOg)! nillion |acre-| sium | ate [so- | ratio | mhos at
| ‘ : | : , i f 5 r foot | |dium (SAR)  25°C)
0 | | | | i ;i s L A { | .
4 1 e | ! 1 ! T ! & T T T T T
i |
10.10.34.121 | Three Rivers Canyon, at ford L=17-56 - 31 - 1371 29 ks 256 |283 38 O L Dl 71k |0.94 L61 251 | 0 | a9 1,000 | 7.4 | Estimated discharge = 0.1 cfs. Clear.
34,121 | Three Rivers Canyon, 0.25 mile 23-16-56 59 17 0.01 56 1k 21 98 [119 17 .6 a1 291 <39 184 104 | 20 o7 446 | 8.0 | Discharge = 0.10 cfs. Clear. Total irom = 0.11
above Lincoln Canyon ppMm,
35,111 | Three Rivers Canyon at National | L-25-57 55 57 - W4 DT 9.0 L3 99 16 5 2 230 52 142 108 | 12 o3 338 | 7.6 | Water clear.
Forest boundary
11.9%.13.144 | Three Rivers Canyon, at ford L-p5-57 68 41 - 64 | 13 22 102 |142 19 6 3 346 48 213 130 16 0 506 | 8.1 Do.
e county road.
13,144 do. et W i - - - = - 364 27 Lol v - - - 286 0| - - 564 | 7.1 | Collected shortly after thunderstorm. Estimated
| discharge = 6.7 cfs. Very muddy. Odor of 1,8,
¥ —
13,144 do. [é-%—57 - - - - - - 336 466 25 - - - - 800 524 - - 1,300 | 7.7 | Flood flow, near maximum stage, at 1:30 p.m.
Contained sediment.
= £~
13.144 do, \8-1-57 - - - - ~ - 326 |230 15 - - - - 500 233 - - 906 | 7.9 | Flood flow, as flood receding, at 4:00 p.m.
Contained sediment.
23.311 | Three Rivers, below confluence | 11-6-57 | - . ¢ * - * a9 ook . bp = * - # 815 8191 e - 1,720 | 7.7 | Estimated discharge = 1 cfs. Clear.
i i
of main tributaries § E
' ; { il i 1 e 1 ' | i 1
1é.10.5.112 Three Rivers Canyon, behind | A2 B9 68 4o - 6k | 13 9.9 B0t SRR R 0.6 | 0.5 j 340 1 0.43 <25 S T b 03 498 | 7.8 | Water clear.
i Johnson's ranch house | ! : ; 1 i i E
.9.221 | Indian Creek flume, at road 5-16-56 | 49 11 | .00 4| 7.8 de 28 .88 & 28 T 217 el 147 G225 oL 348 | 7.9 | Discharge = 0.47 cfs. Clear. Total irom = 0,31
crossing ppl.
10.120 | Indian Creek flume, at upper end| 4-20-54 65 14 - - - 13 91 76 10 5 0 v{:;f;) - 140 66 | 17 - 336 - Estimated discharge = 1.1 c¢fs. Clear.
10.140 | Indian Creek, above diversion 4=25-55 - 12 - 55 9.9 2.0 56 65 10 8 w2 62~} .22 123 7 5 il 264 | 7.6 | Total flow above first diversion. Estimated
dust flow = 0.6 cfs.
10.140 | Indian Creek, below two diyer— | 3=16=56 | 57 22 .01 183 | 38 29 185 393 81 el 861 |1.1b 613 462 | 9 .5 1,210 | 7.9 | Discharge = 0.19 cfs. Clear. Total iron = 0.0l
dversions ppu.
10.410 | Indian Creek, above all diver— | 3=16=56 53 11 .00 L7 8.8 9.9 80 86 15 o = 220 .29 154 88 | a4z 3 352 | 7.9 | Discharge = 0.48 cfs. Clear. Total iron = 0,24
e&iversions
= ppm.
; : G
12.9.2.322 Three Rivers, at U.S. Highway 5h [87}‘57 = ™ i = - i 802 |220 s o = " ¥ 910 235 - - 1,570 | 7.7 | Flood flow, at 4:25 p.m. Contained sediment.

1/ Calculagted from sum of constituents determined in analysis.
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Water of good quality in the upper reaches of the streams is
to be expected. The rocks 22i81erra Blance are intrusive and extrusive
igneous rocks, all of which contain only small amounts of readily
soluble minerals. The ground water that issues from seeps and springs
and maintains the low flow of the two streams comes from such rocks
and from the soils derived from the rocks. Runoff firom snowmelt and
rains in the mountains should contain even less dissolved solids.

In the lower reaches of Three Rivers Canyon end on the main
stem of Three Rivers, the quality of the surface water is variable,
Owing to the wide range of discharge rates and the different geologic
environments of the several runoff areas, the dissolved-solids content
of the water samples ranged from 346 to more than 1,000 ppm (the latter
figure based on the specific conductance of water for which the

dissolved solids was not determined). Sulfate in the water ranged

from 2.7 to 651 ppm.
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The mineralization of the surface water in the Three Rivers
reentrant and the lower Three Rivers area depends to & large
extent onthe area from which the water flows and the duration of the
flow. Those areas in which the Cub Mountain Formation of Bodine (1956)
and older sedimentary rocks crop out and those in which the alluvium
is derived from those formations should yield water having e
comparatively great mineral load in solution,because the Cub Mountain
and older sedimentarylészgizfene contain large quantities of readily
soluble minerals, such as selenite and gypsum (calcium sulfate).
Erosion of these rocks provides exposure of the soluble minerals
to water flowing over the surface of the ground. In addition,
springs and seeps discharging from these older formations add to
the mineral load of the surface water, and, during a period when

ground weter discharges from the alluvium in the reentrant, the

surface water also gains additioneal mineral load.




The variability of the quality of surface water during flood
discharge after thunderstorms is apparent from the analyses (table 4).
These changes in chemical quality are attributed to the events that
precede such periods of storm runoff. During drought or periods of
light rainfell, formations that contain readily soluble minerals
develop a coating or crust of minerals because water from light
showers soaks only a short way into the ground, leaches the soluble
minerals, and, by capillary action, brings them to the surface, where
the water is again evaporated during periods of high temperature and
lov humidity. Water from springs in the Cretaceous, Cretaceous(?),
and Tertiary(?) sedimentary rocks characteristically precipitate
crusts of calcareous and gypsiferous material. Along the streambeds
during low flow and in areas where the water table is irmediately
below the surface of the streambed, considerable quantities of water
are eveporated during hot and dry periods, again leaving crusts of
soluble mineral matter. Subsequently, when heavy showers fall, the
first water that runs off dissolves part of these soluble deposits and
carries them away in the first part of the floodflow. Later precipita-
tion also dissolves some of the residue, but to a lesser extent, because
most of the soluble residue already has been removed.

An exemple of the high mineral content of the first part of
floodflow is showm by the results of analyses of samples of water
collected in Three Rivers Canyon at the County road ford
(11.94.13.144) on Aug. 1, 1957. At the epproximate maximum stage of
the flood, the sulfate content of the water was 466 ppm. During
the recession of the flood, 2% hours later, the sulfate content was
only 230 ppm, and the other determined constituents also were signifi-
cantly lower. If the flow had been prolonged and if a later sample
had been obtained, the sulfate content might well have been still lower--
perhaps to the 2.7 ppm of a sample obtained from the same location on
July 17, 1957.
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‘ The chemical quality of surface water from the eastern higher
parts of the Three Rivers area is superior to that of most ground
ater. Surface water that results from storm runoff in the lower
parts of the area is one to three times as mineralized as that from

the upper part. The poorest surface water and the best ground water

are roughly comparable in chemical quality.




Ground Water

The principal aquifers in the Three Rivers area are the alluvium
of Quaternary age, the sandstones in the lower part of the Cub
Mountain Formation of Bodine (1956), and the upper part of the Mesaverde
Group. Older formations, owing to their great depth and poor circula-

.

tion of water, probably contain highly mineralized water.




Occurrence

Water in the alluvium of the Three Rivers area generally ls
unconfined, although it may be confined locally beneath lenses of clay
or silt. Weter in the older, consolidated sedlmentary rocks of the
Cub Mountein Formation of Bodine (1956) end the Mesaverde Group
generally is confined under considerable pressure. Such conditions
are to be expected. The alluvium is a relatively thin mantle upon
the older rocks and it is not well stratified, whereas the older rocks
consist of stratified beds of almost impermeable silt and shale between
water-bearing sandstones.

The depth to water in most of the Three Rivers reentrant ranges
from about 50 feet below the land surface in some of the interstream
areas to only a few feet beneath the streambeds. North of the reentrant,
water levels are more than 100 feet below the land surface, as in
the Bataan Lodge well (10.10.L.441, table 5). South of Indian Creek,
the depth to water apparently increases as the altitude of the land
surface increases. West of the confluence of the tributaries of
Three Rivers and west of the Godfrey Hills, the depth to water also
appears to be a function of the altitude of the land surface. Water
levels in wells along Three Rivers range from 4 to 35 feet below
land surface, but in the adjacent upland the depth to water may be

as much as 110 feet, as in well 11.9.11.212,
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Table 5.-—Records of wells in the Three Rivers area, Otero and Lincoln Counties, N. Mex,
.

Location number: See p. 3 for description of well-numbering system,

Altitude above sea level: E, estimated from topographic map; M, level run by U.S. Air Force,

Depth of well: M, measured' R, reported. : ST P . = R 7 T e L~ 4\
Water levCl dept below surface: P, pumping level; R, reported. ~ k - '/
[~ / v z o e e Bt —— =/
— o T f‘———\ e
Type of pump: 1~, w1nd@l C, cyllnder, (N none/} E, electrlc (number gives horsepouer), \,_EEQQ}EQ;A\J jef/~/7~ 5 ek et b i AR
o S Sl | — kg
S, stock ﬁ“none |

Use of water: domestlc, I, irrigationj »

T ! ' T .

Remarks

}brmation or

% an | Altitude Depth | Diam= | Sk g G . i f :
atio : Driller ;;;i | above sea | of eter — R &uggr et i Water level _.J Type | Use '“f“‘
M%zq n | Owner or Name A Driller , r1*£e4 level [ well of | Character of | Stratigraphic | Betth Saln | Date of | of of ] al
NO. pleted o7 o | 2 \ = b : e T B m T % v
‘ (feet) | (feet) | ?}ui?g | material unit | surface | measure- ump | water 1411
& R ) W | Y SAMgL ) | (feet) ment e
. »Truman Spencer e =t ’ ‘ f =
10.8.23.123" (Jackson well) - - - - E .
2 A k7458 | 83y | { 76.07 11~10-55 | W, C S -
10.9.8.121 I-X Ranch - - 5195 Fe [ . . - - W, C s X
glluvium‘or ‘
lesaverde oupf
= #= it
13.212 Barnevell well Ray Taylor 1952 6010E ‘ LsM - | - Tertiary/?)
A ! A | X | .
“ | igneous rockk?7 21.22 8-21-56 | W, C s X
= - AW |
2k, 412 Minnie Hall well do. | 1944 5805E 170M o ; - Cub Mountain 16.08 2-22-56 | W, C S X
i N ! {
f l ‘ 22.69 8-21-56
i

Mesaverde(7)

group@¥§

Yield 22 gpm on Septembesm 20, 1955.

N
Cased to 45 feet; UTasing torch-slotted.

Reported yield 12 gpm. Temperature 61°F,
Cased to 126 ﬁg;}} &asing torch-slptted.
Reported yield 70 gpm by bailing.

Temperature 63°F.,
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Table 5.--Records of wells in the Three Rivers area, Otero and Lincoln Counties, N. Mex., - Continued
A F ltitude Dept Diam- rineins ter-bearing bed 3 : 4 Tone
WO T i"f bove sea of ter e —— g -~-—~f~———f—f ater el -%:U
cat dwner or Name .o f:: level well of naract o1 tratligrapissl oepth be Date of o
g ( feet feet ;ZAI-“ *4 mé P 1 unit surface measure- Wiy
in. ) ( feet ) ment
B e ™k l ) iy 5 ;l 3{ weiin Py
10.9.30.322 Taylor well | Perry Bros.(?) 1928 4969§ 8?M 6 - - 60.50 7=26-56 W, C
34,211 Halfway well Don Smith 1947 5630E 235M o Volcanic rock Tertiary(?) 182.16 8-15-56 W, C
A A,
250R
A
H ¥+ =3
35.211 Boyd well Buck Nosker 1943 56oqE 52M 10 Shale and sand - Mesaverdel\?) k4,00 8-15-56 N |
‘
sandstone groupk?®) 42,48 1-13-60
H Ras +F
10.10.4. 441 Bataan Lodge well - - 6505E 221M 7 - - 103.97 17ﬁ—57 ¥, C
1 N T #
5.222 I-X Ranch and T. F. Ryan III - - 6139@ llﬁﬁ 8 - - 119? 114-57 W, C
.g:
E. =t
6.122 I-X Ranch - - 6030E 181M 7 - - 158.3P 12-5-56 W, C
o A
) + *
17.3h§ Gamble well Ray Taylor 1952 615qE 2§y 6 - Tertiary(?) 16.76 8-22-56 W, C
"I }
{ 69? igneous rocks
| H 2)
{ ** §:
29.43h Brownfield well - 1916 5835E 5§§ 8 Gravel Quaternary,® 41,83 6-27-56 W, C
| *
60R o i 35,77 1-13-60
? il Eey >y
32,334 T-1 Perry Bros. 1956 5622M }O%M 8 Sandstone Mesaverde group 35.78 12-28-56 N |
s A z Pt %
8.43 5—»7—58
S e
c A

- >
CA~G 5
- Remarks
al |
aly+
. i
- Cased to 80 feet; Tasing torch-slotted.
Reported yield 10 to 12 gpm.
S \
X Cased to 250 feet, Casing torch-slotted.
Reported yield 5 to 6 gpm. Temperature 65°F.
Hole reported to be very crooked.
N\
- Originally drilled to 65 feet in 1916; Reepened
—~ th?n
to 250 feet in 1943; Gaved in. Reparted
yield 2 gpm. No increase in yield when
\\ / T ". .
deepened. \ggggfﬁigygpor qualltg}
X Estimated yield 3 gpm. Temperature 56°F.
X Estimated yield 3 gpm. Temperature 59°F.
- Yield reported weak.
P
- Cased to 60 feet; ﬁasing torch~slot ted.
Quality of water reparted poor.
“\
X Cased to 60 feet. Reported yield 8 to 10 gpm.
Temperature 62°F.
X See table 7. Temperature 61°F,




Ground water is brought to the land surface through several small
springs, such as 811.10.6.214 (table 6), where eastward-dipping
impermeable rocks intersect the water table and act as subsurface
dams. Some of the impermeable rocks are the intrusive igneous sills
in the reentrant area. A perched water table exists also in the
Tertiary(?) igneous rocks of the Godfrey Hills. Chapel Spring
(811.94.13.124) discharges from porphyritic volcanic rock.

The water table in the Three Rivers area slopes in much the same
direction as the land surface (fig. 5). It slopes southward from the
northern part of the reentrant and westward from the eastern part.
South and west of the Godfrey Hills it slopes rather uniformly west-
werd into the Tularosa Basin. The relatively steep slope of the water
table is due both to the thinness of the aquifer in the alluvium and
to the relatively low permeability of the Cub Mountein Formation of

Bodine (1956) and the Mesaverde Group.
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Footnotes:
Y/
2/
3

flows to downstream stock pond.
Reported to dry up when well 11.9513.244 is pumped.

Table 6.--Records of springs in the Three Rivers area, Otero and Lincoln Counties, N. Mex.
LAltitude: B, estimated mitbbude from toposTaphic mep. —Yield: By estinated yheid. |
A
/"—‘Tﬁ Rai. Listed in
et g j Topographic Character Use chemicsal
R Owner Name e Pl Altitude Structure of Stratigraphic Yield of of analysis
—_ u :bm; e ‘ opening unit ( gpm) measurement water table
e leve
(CfFeet) ﬂ 2 ’
810.10.20.231 T. F. Ryan,III Trinadad Hillside 6150 - Multiple Tertiary (?) -lOc& Reported :stock—/ No
fractures volcanic tuff 5
do - ? > !
Sll.9-]2‘—.13.1_21& do. Chapel Hiiiside 5350E - Gallery Tertiary(/\‘w)lolca.n# 2-3 E 4-25-55 a-g&h- Yes
; ¢ porphyry
Bottam of F £
1 e Gravel ~ [ seep (¥ Quaternary agﬂ Wt do,
811.95.13.422 do. Indian Creek 5300:& L gt alluviua | 2_3522.: 2-29-56 S Yoh
A >*
Sll.9—§-.2§.232 do. Jack Fall Base of 5175E - Tunnel of ter aqe 1-2 E 8-20-56 g/rrigation No
. Small bluff A alluvium (?) £
5+
811.10.6.21% X - of a9yt
11.1 1 do Gentle SSHQ\E Alluvium L Seep uaterns 2.3 E 2.29.56 stockg/ Yo
slope | overlying alluvium { =
\\porphyry(?) :
B2
512.10.7.44k . Aquilar Edge of 48TSE [ Alluvium(?) " " . . - No
_Arroyo
Eid
512.10.19.123 Kitty do. LTTSE do. - - ~ - - No
A
. O_F .ﬁ.bu.ndad—{. Vﬂ;fl"f(al/\
n
ranges from 3-5 gpm in summer to 8-10 gpm‘dm-ing wvinters that have -a-let of rain
= n

A a !
545
B A e = L e T | I L . T LI L T e R e S = e e e




Table 5.--Records of wells in

Year

com=

1 25 =
pleted

e J

rincipal water-bear bed
P
- - w T - - .oy vy .
haracter of ratigraphic
material unit

10.10.32.421

32.421a

33.131

11.9.11.212

11.322

22,44

25.412

26.433

35.122

Trammel well 1
Trammel well 2
Trammel well 3
New well

Porter well

Sand well

Farm Corral well

Gatehouse well 2

Gatehouse well 1

e
57 et

Ray Taylor

do.

D. E. Smith

and Don Perry

Ray Taylor

do.

do.

do.

1500

1953

195k

1949

1952

1943

1953

1951

h815E

L6 S0E

-

S =
4790E
n

« 3
LE90E
A

B
4650E
A

Gravel

Sand

- <i;;;uatern;;;:;;>

Cub Mountain(?/

\iormationCﬂQl/

do.

do.

B

Sy o

. (?)
Mancos sghale(?)
12

do.

do.

the Three Rivers area, Otero and Lincoln Counties, N. Mex. - Continued

— e e

19.31
22.59
20.02
35.50
30.90

110.40

134.10

25R

16,53

8-21-56

8-21-56

1-13%-60

8-21-56

7=30-57

7-26-56

7=-26-56

7-26-56

1953

1953

7-27-56

3

)
BT

E(12),T

w, c (D, S

n

=

X

Dug well. Temperature 60,5°F.
.53
Cased to 76 feet; Casing torch-slotted.
Reported yield 30 gpm.
-~ .
Cased to 55 feet; Easing torch-slotted.
Reported yield 45 gpm. Temperature 62°F.
A ‘
Cased to 162 feet; Casing torch-slotted.

Reported yield 10 gpm.

Cased to 119 f;;¥} Qasing torch-slotted. Qualift;
of water reparted too poor even for stock.

Cased to 185 feet; Gasing torch-slotted.
Reported yield 3 to 5 gpm. Temperature 69°F.

Cased to 80 feet; Gasing is torch-slotted.

Reported yield 10 gpm.

Cased to 70 f;;EB Casing torch-slot ted.
Reported yield: 20 gpm,
=
Cased to 60 fewt; Casing torch-slotted.

Reported yield 5 to 6 gpm. Temperature 70°F.
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Table 5.--Records of wells in the Three Rivers area, Otero and Lincoln Counties, N. Mex. - Continued

| ? | Altitud I Deptl | Diam=- | | 3 ] T [
: . Altitude ‘ depth | 1] | LR T ST e e | ' I |
R | Year i i T o e A Principal ..ut?c. bearing bed | Hater level | Type | Use \J.;em- Romairks
Location Owner or Name Driller | com= level well of Character of | Stratigraphic | Bth belo F aas £ | £ | ot ical |
No. | pleted 4+ ( feet) cani terial ‘4 unit | D Delow i DESe N | pump water | Analy-
| | | (feet) (feet) casing materia . | surface | measure- &= |- st |
| \in./ | | (feet) | ment ‘ l 1 |
! | e v S e e - et | —
11.9%,11,132 Crawford well ' Don Perry 1949, 1 " %00s | 231N 4  |Vesicular lava | Tertiary(?) | 191.99 | 8-15-56 |(W,C | 'S -  |Cased to 231 feet, Jasing torch-slotted. Reported
| igneous rock ‘ | yield 10 gpm. Temperature 70°F,
eSS ' i b o .
12,422 Pete Crawford - - | 5380E 50+M 6 - 47.16 2-28-56 | N\ N - -
| alluvium(?y” | 31.23 | 1-13-60 |
| .-d - = | ‘ - | + Ny ‘
13.234 ™6 Perry Bros. 1951 ‘ 5296M | 300;1 - Sand and gravel | Quaternary 17.15 ""-\8"57« N | N X See table 7. Temperature 63°F.
| I\ | ; 4
14,68 1-13-60
v 5 ‘
TS iy
13,244 Bosque well - 1912(?) 53358 89\R ‘ ~ - 15.29 1-30-57 |E(10)T D, S, I X Reportedly dug to 80 feet with a 60-feet drift at
A2lluvium 8.70 1-13-60 . depth of 33 ft. Reported yield 390 gpm for limited
z short
peried-—of time.
3= == 3 : &
22.244 Rattlesnake well - 1918 5080\E 2hM 8 - do. 9.46 8-22-56 |E(5) T I X 10-foot concrete culvert sunk into alluvium.
A )
Be25 1-13-60 Estimated yield 150 gpm. Temperature 60°F.,
+ =
22.323 Pino well Leroy Perry 1951 5025E 52,{4 8 ~ 28.99 8-22-56 E, T CS, I - Casing 4& tarch-slotted. Temperature 63°F.
=t | ==t )
23,124 -8 Perry Bros. 1957 51h5P 500M 8(?) Sand, gravel, 25,0 10~16-57 N | N X See table 7. Temp%rature 67°F.
. o
and sandstone 2lluviumjand
Mesaverde group
Tt = »
28.214 Fishpond well me. 1 D. E. Smith 1943 495(2\E ‘ 10'7\14 10, 8, 6 ~ 15.93 7-30-56 |E(5) T I X 45 ft, of 8-inek and 10-inek casing and 85 fg;t
glluvium/and of 6-ineh casing. Reparted yield 120 gpm while
‘ sz,
Mesaverde (?) pumping from 96 feet. Temperature 63°F.
p‘oup%
E i
d

&7 e




23

* 4
Table 5.--Records of wells in the Three Rivers area, Oteroc and Lincoln Counties, N. Mex. - Continued
| T AR 1 ~ Diam= | 11 | Y}
; Yaav Altitude | Depth s Principal water-bearing bed ater level Type | Use | Chem- | Remarks
| Nrille ! ‘: - above sea of eue:x‘ ‘r"i - & | Stratigsraphic | Yf of ] of | iCle ! ‘ L
Location Owner or Name | Uriller o S level well of | Character of .)L.aw.,.' apa cf Dapth below | Date of ams ‘ water | Analv-
No. pleted "I seet) |" (feet) casing | material unit surface | measure- ump | g
| ; in.) | (feet ment |
. ' 1 .  ; } )
1 ** ‘ Yy | |
11.9/%.28.214a | Fishpond well 2 - 1918 L939E 332\{ 120 - 4,22 8=22-56 N | N = | Dug well lined with concrete culvert(?).
A
> ¥* '
11.10.5.112 Johnson well 1 Buck Nosker 1943 5625E 36M 8 - do. 30,81 8-23-56 F'¥Cl D X | Drilled to about 47 feet and cased to about 45
n A A
I{eet with torch-slotted casing. Reported
yield 65 gpm. Temperature 62°F.
' e I+ S
5.121 Johnson well 2 | Don Perry 1949 5625E 101R 10 - - - E(1),J D | X Cased to 101 feet. Casing torch-slotted.
| A A | ‘ '
alluvium Reported to "dry up" after pumping 10 gpm :
7 [
i
Cub Mountain for 24 hours. Temperature 66°F. |
,formationl/
| | =+ + i | — —\ ;
5.121a Johnson well 3 do. 1949 | 5625E EOOTR - - - - - N N g - | i}lleported to—have encounteredwquantlty
A — |
1 — ] — -t (,_\
_o_f\wateg)at 30~40 feet} amd no more to depth
'3
of more—then 200 fQ.
' # \
‘ Tt
Be 352 T-5 . Perry Bros, 1957 5557M 300M 8 ' Sand and gravel 54,16 3=~21-57 N N X | See table 7. Temperature 64°F.
| - A . A
50075 1"13-60
; B © = = (71') 9
64333 T=-2 do. 1957 5391M 300M 8 Sand and -gravel 39.25 1=20=57 N N X See table 7. Temperature 65°F.
‘ | 4
¥ &2k A ! PR tes
| alluvium/and 29.06 1-13-60 '
Mesaverde group
. ¥ 3t o ‘ # - |
6.433 T3 ‘ do. 1957 | 545324 300/{4 8 Sand, gravel, do. 43,64 2-46—57/‘ N N X See table 7. Temperature 64°F,
and sandstone 34,73 1-13-60

@

S/ i
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Table 5.--Records of wells in the Three Rivers area, Otero and Lincoln Counties, N. Mex. - Continued

22-¢3

-

1

T
|

Temperature 68°F.

T s 5 o - T : { .
! h Altitude Depth | Diam— | St ot val ‘us t axebearine LR | £ - ! | i
| putds | fear | _bove sea E of | eter @ -ronetpe- - - 2 nw rf 5 water 19""“}} hie | U.:e e al‘ Remarks
Location Owner or Name ‘ Driller x com-a level | well | of | Character of | .)tratln"aphic! Depth below | Date of _0 ; | © . | ‘1‘31 )
No, { ’ pleted |  (feet) | (feet) | cesing | material | unit 1 Surfase l Solmre - pump | water |‘n3 y |
s | j | | (dn.) | | | (feet) ment | 5 |
| ’ 5 : J_ | I L | ik | |
| - | T | L Phrmtermary 320 | P B sy
11,10.7.234 Foley test hole Gus Ostic 1956 | 5450E | 116R | 10 /Sand and grave ernary . 26.57 2-;\1-56 1 N N | | See table 7, Temperature 62°F.
| ! | | | | | |
| | | | | |
‘ | 3 , 27.10 1-10-60 |
7.23k4a T-7 Perry Bros. 1957 S5450E | S00M ‘ 8 'Sand, gravel, 31.49 Y= 29=57 N N | See table 7. Temperature 63°F,
| and sandstone | glluvium)and 26.13 7-30~57
| | Cub Mountain | |
i | , ‘
» ; ;ormationl/ | 1 ‘
| | | = ! = S | l N
7.411 Schoolhouse corral well Ray Taylor | 1953 5415E L4Mm “ Sand ‘ 22,51 8--9-56)l W, C| 8 | | Drilled and cased to 50 feet. Reported
| |
‘ yield 8 to 10 gpm. Temperature 67°F.
{ |
8.311 T-4 Perry Bros. 1957 5486M 300M 8 Sand and gravel | do. 34,05 2=15~57 N N | | Casing perforated frem 40-60 fty, 155-165 fty,
2?‘,'7/;5 1-13-60 E 230~-240 ft., and 288-298 ft. Yield was 10
, gpmy with 257 ft\ of drawdown after bailing
| 1 hewr. Temperature 63°F,
Gy
8.331 Martinez well D. E. Smith 1948 5515E . 138M - - 49.99 8~10~56 W, C S Drilled and cased to 160 feet. Temperature
T alluvium) and ey,
l Cub Mountain(?); |
| i gormtion(}?éy | |
| f | B :
17.442 Mescalero Apache Indian Keser- | Leroy Perry 1952 5675E 3824M - - do. U 139.99 8~10~-56 ¥, €1 28 | Yield estimated 2 to 3 gom.
Reservation "Indian well"
|
! | s
19.132 | Golondrina well D. E. Smith 1948 | S435E 102M 8 - do. (¥, 77.86 8~k=56 W, C S | Drilled and cased to about 150 feet. Estimated
| ‘ yield 4 to 8 gpm. Temperature 67°F,
|
s

1/ Cub Mountain formation of Bodine (1956).

5/ ae




Recharge and Discharge

The water-bearing formations in the Three Rivers reentrant are
recharged from precipitation in the area and from infiltration
of the several streams that issue from the Sierra Blanca. Scome water
that falls upon or flows over the coarse-grained alluvium sinks into
the ground and continues downward to the water table. Water enters
the consolidated sedimentary rocks at a lesser rate, partly by
movement from temporary storage in the alluvium. Data are insufficient
on which to estimate the amount of annual recharge. Some potential
recharge 1s rejected because the aquifer is full locally. In the
reentrant area, artificial recharge might salvaege some of the flood-

water that now flows to the lowlands of the Tularosa Basin.
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Most ground water in the Three Rivers area is discharged by
movement westward, and some is discharged by vegetation along the
stream chamnels. Losses by transpiration are probably greatest in
the Three Rivers reentrant, where vegetation is comparatively
ebundant. Although the vegetatlion is sustained mainly by soll molsture
provided by precipitation, many of the grasses and deciduous plants
undoubtedly obtain a part of their supply from ground water, especially
during drought. The generally healthy condition of plants in the
reentrant supports such a conclusion. In addition to movement out of
the area and transpiration, water 1s discharged naturally from the
Three Rivers area by evaporation in areas of shallow water table and
in the viecinity of springs. In some of the stream channels the water
table 1s immediately below the streambed, and during dry, windy
periods, such as in spring, considerable ground water is evaporated.

Discharge from wells in the Three Rivers area is small. Of the
Il wells inventoried (table 5), 16 were unused, Whing to insufficient
quantity or poor quality of the water, 5 were or had been irrigation
wells, L were domestic wells, and 23 were stock wells. Generally,
those used for domestic or irrigation purposes were used also for
stock. The reported ylelds of the stock wells ranged from 2 to 70
gpm. Most of the stock wells are equipped with cylinder pumps

and windmills that pump 2 to 10 gpm.
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The Bosque well (11.93.13.244) has the largest yield of the
irrigation wells. The well initially ylelds nearly 400 gpm, but
the discharge rate declines rapidly after a few hours. Although
part of the decline is due to increased pumping head, most of the
large initial yield of the well is due to the unusual well construc-
tion. The well consists of a vertical shaft at least 50 feet deep
and a horizontal tunnel 60 feet long at a depth of 33 feet. The
tunnel reportedly was constructed in coarse-grained stream deposits
containing numerous boulders. The Gatehouse well 2 (11.9.26.)33),
which was drilled and cased to 70 feet, ylelds only about 20 gpm;
the yleld of the Pino well (11.94.22.323), which was drilled to 86 feet,
is not known; the Fishpond well 1 (11.94.28.21L4), which was drilled
end cased to about 130 feet, ylelds 120 gpm (reported) from 96 feet.
The Rattlesnake well (11.9%.22.24k), like the Bosque well, was dug
and reportedly is only about 25 feet deep, presumably in alluvium.
It has a 10-foot-diameter concrete well casing and an 8-inch casing
in which the pump is installed. Although the water is only 15 to
20 feet deep in the well, the yield is estimated to be 150 gpm.

The combined maxirmm discharge by pumping in the area is about
1,000 gpm. Because of the probable amount of ground water that is
available in the 150 square miles investigated, & discharge of 1,000 gpm

is insignificant.
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Water Levels

The depth to water was measured in most of the wells and test
holes in the Three Rivers area (table 5). The water levels in the
test holes were meesured many times during testing. After most of
the fieldwork was done in the’'area, 15 wells were measured at regular
intervals, and 12 wells finally were selected as observation wells
that were measured quarterly from January 1957 through January 1960.
Hydrographs of water levels in the observation wells are shown in
figures 9 through 17.

The water-level data obtained during 1956 and 1957 were used
for the water-table contour map (fig. 5). Groundywalter moves from

reas of recharge to areas of discharge, perpendicular to the contours.
. Changes in the slope of the water table give a rough indication of

changes in the transmissibility of the water~bearing formations.




The contour map shows that the water table slopes generally
westward from Sierra Blanca at a gradient of 100 to 150 feet per
mile. In most of the Three Rivers area the direction of slope is
westward, but within the northwestern part of the reentrant it is
southward. This difference in direction indicates that most water
moving westward from Sierra Blanca is diverted around the Godfrey Hills
rather than passing through or beneath them. The apparent diversion
is due to the easier movement of water through the alluvium of
Quaternary age than that through the less permeable older sedimentaxry

and igneous rocks in the Godfrey Hills.




Water-Level Fluctuations

In most ground-water reservoirs the water available to wells
is in constant, though slow,‘ movement from the area of recharge to
the area of discharge. The amount of ground water in a reservolr
from which there is only natural discharge is nearly constant because
over a long period the discharge is equal to the recharge. In such
a ground-water system, the position of the water table is governed
mainly by the amount of recharge and discharge and the shape and
permeability of the aquifer. The water table is nearly always
rising or falling, though the amount of change may be very small.
An excess of recharge over discharge will increase the amount of
water in storage and cause the water table to rise. Similarly, an

. increase in discharge will cause a decline. Fluctuations of the
water level that are due to natural changes largely are seasonal,

annual, or long-term effects.
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If wells are drilled into the reservoir and pumped, a new
discharge is introduced into a system that previously was in equilibrium.
Such withdrawals must result in reduced rates of natural discharge,
reduction in ground-water storage, increased rates of recharge, or a
combination of these. Pumping in the Three Rivers area would cause
some reduction in storage, but in part of the main stem of Three
Rivers and in the reentrant, the lowering of water levels by means of
pumping would result ir some increase in recharge and some reduction
in natural discharge in those areas where the water table is immediately

below the beds of the stream courses.
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Records of water levels in the Three Rivers area prior to 1956
do not exist except for a few reported levels. During 1956, most wells
in the area were measured. Late in 1956, the Foley test hole
(11.10.7.234) was equipped with an automatic water-level recorder, from
which an intermittent record of water-level changes was obtained until

October 1959. Fourteen other wells in the area, including seven test
holes, were measured at least quarterly for periods of 5 to 3 years.

(See figs. 9-17.) Twelve of the wells are now measured as a part of

the basic-records program in New Mexico.

TFigure 9.--Hydrographs of the Brownfield well (10.10.29.41%) and
the Boyd well (10.9.35.211), 1956-60, Three Rivers ares,
Lincoln County, N. Mex.

10.--Hydrograph of test hole T-1 (10.10.3%2.33h4), 1956-50,
Three Rivers area, Lincoln County, N. Mex.

11.--Hydrographs of Trammell well 2 (10.10.32.421a) and
Trammell well 3 (10.10.33.131), 1956-60, Three Rivers area,
Lincoln County, N. Mex.

12.--Hydrograph of the Pete Crawford well (11.95.12.422),
1956-60, Oterc County, N. Mex.

13.--Hydrographs of the Bosque well (11.95.13.244) and
test hole T-6 (11.9%.13.234), 1957-60, Three Rivers area,
Otero County, N. Mex.

14, --Hydrographs of the Rattlesnake well (11.9:5.22.24k4)
and test hole T-5 (11.10.5.332), 1957-60, Three Rivers area,
Otero County, N. Mex.

15.--Hydrographs of test hole T-2 (11.10.6.333) and
test hole T-3 (11.10.6.433), 1957-60, Three Rivers area, Otero
County, N. Mex.

16.--Hydrographs of test hole T-7 (11.10.7.234a) and test
hole T-4 (11.10.3.311), 1957-60, Three Rivers area, Otero
County, N. Mex.

17.-~-Hydrograph of the Foley test hole (11.10.7.234),
1956-60, Three Rivers area, Otero County, N. Mex.
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The water-table fluctuations shown in the hydrographs represent
changes due largely, if not entirely, to natural causes. Several
seasonal rises and declines were caused by recharge from runoff of
snowrielt in the spring and rains in the fall and by drier periods
between. The recharge effects were delayed in reaching some of the
wells, owing to the greater distance of these wells from streams.
Superimposed on these seasonal rises and declines are a variety of
minor changes, doubtless due to the varying local geclogic and
hydrologic conditions near the individual wells.

A general rise of water levels from the middle of 1957 through
1958 is striking. During this period water levels in nearly all the
wells rose from T to nearly 30 feet above the preceding low level.

In most wells, the seasonal changes were superimposed on the general
rise, and once a maximum height was reached, the water level began to
decline. Rattlesnake well (11.95.22.244), in which the water level
continued to rise through January 1960, is an exception. The reason
for the general rise was a change in the rate of precipitation from
1956 to 1957. A drought that had lasted for several years in southern
New Mexico ended in 1956. During 1957 the amount of precipitation
increased to slightly more than normal for the region, and during 1958
it was about 150 percent of normal. During 1959 the amount of
precipitation was somevhat below normal,and, consequently, recharge

was less than the previous year. Water-level declines ensued.
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The responses to increases and decreases in recharge demonstrate
the sensitivity of aquifers in the Three Rivers area to changes in
recharge rate. Although it might be expected that wells under artesian
pressure generally respond rapidly to changes in storage, it is clear
that some of the wells finished in the alluvium respond in a similar
manner. The water level in Pete Crawford's well (11.95.12.422) rose
27 feet. The well is 50 feet deep and apparently is entirely in
alluvium. The water level in the Bosque well (11.95.13.244), which
also is in alluvium, rose about 1l feet. Thus, the 1956 conditions in
the Three Rivers area represent the approximate minimum storage that
would follow a severe drought and demonstrate that the water-bearing
formations can receive recharge readily when it is available.

The aquifer in the alluvium of the lower part of the reentrant
probably reached maximum storage capacity in 1958. At well ll.9§.12.h22
and at well 11.9%.13.2L44 the highest water level measured was at the
approximate altitude of the nearby streambeds. The streams probably
became effluent at the time, and water levels did not rise higher
because of drainage into the streams. After water levels declined
below the streambed, further declines were caused by downgradient

movement of the water through the permeable alluvium.
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Results of Test Drilling

Advance geologic data from wells was limited mainly to those
from the Foley test hole (11.10,7.234), which was drilled for
Holloman Air Force Base in 1956. Although the alluvium appeared
to be the best aquifer in the area, few wells were located where the
alluvium was thought to be thickest. Moreover, the alluvium masked
the older formations in much of the area. Therefore, test holes
were drilled to determine the subsurface distribution of the water-
bearing formations and to test their water-yielding capacity.

The Corps of Engineers contracted for the drilliﬁg of six test
holes, each to a depth of 300 feet. The contract specified that
samples of the drill cuttings were to be obtained; that driller's
descriptive and drilling-time logs were to be kept for each well; that
casing be installed as needed; and that bailing tests, development,
and test pumping were to be performed and recorded as required by the
inspectors. Holloman Air Force Base contracted for the drilling of
two holes to a depth of 500 feet each, to obtain additional information.

Personnel of the Geological Survey acted as observers and
advisors to the inspectors of the Corps of Engineers and the

Air Force during drilling of the eight test holes.
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. Lithologic logs of the test holes are given in table 10. The
driller's logs and the drilling time for each 5-foot interval are
given in table 1ll. Most of the pertinent information from each

test hole is summarized in table T; however, the following data

are given to supplement the table.




bR ~C3

6MVHVV,,,;('—L7 Of: d/’)//”'qj
Table 7.-;83@999}9 of results nﬁem— test holes drilted in the Tpree Rivers area, Otero and Lincoln Counties, N. Mex.
Depth A Zenes—of Formations Nor’x’;pumping ' Indicated
Test of (Depth) of perforated penetrated  Principal depth to water Step-Fumping test data- maximum
hole Location hole J casing ng and depth aquifer Date Feet below Date Yield Hours Draw- jield oﬂ
Ne+ (feet) (feet) (feet) (feet) measured land-surface (gpm) pumped, down hole
datum (successive)( feet) (gpm)
T-1 10.10.32.334 200 300 120-140 Alluvium 0-3%0; Sandstone in 2.14-57 25 1-2-57 50 2 52 15
170-195 Cub Mountainl/ Mesaverde 100 1—% 263
200-210 30-90; Mesa- Group 75 1= 134
220-235 verde 90-300
270-300
T-2 11.10.6.355 300 300 50-110 Alluvium O~ Alluvium 2-25-57 4o 2-25-57 25 2 11
200-220 105; Mesa~- 50 2 27
275-300 ;&x)‘de 105- v 99 1 4 73
[3-4-5T7 1= 2 58 /75
50 2 25
T-3 11.10.6.435 %00 300 60- 90  Alluvium 0-85; Alluvium and 3-4-57 46 3-12-57 25 2 26 35
155-165  Mesaverde 85- sandstone of 35 2 50
210-215 300 Mesaverde
295=-300 : Group
T4 11.30:8.511 " %00 300 ,_Eég: 60“_Alluvium o--6o-1 Alluvium 2-26-57 33 Bailing test only
Z24d% Gy Mountadins/ 2-26-57 ) 257 10
286-298 60-300
T-5 11.30.5.552 300 300 T5- 95 Alluvium O- Attuviom- 3.8-57 55 Baiwling test only
100-110  130+; Cub do [3-9-57 Y 235 10
135-145  Mountain 1/ - )
255-260 130-300
295~ 300
T-6 11.,93.1%.234 " 500 300 30- 60 Alluvium O-75; Adluvium 3-12-57 17 3-28-57 25 2 2 25
65- 80 Tertiary oo. 50  3/4 274
295-300  igneous,T5- 25 ik (85
255; Cub
Mountain 1/
255=-300
-7 11.10.7.234% 500 420 35- 85 Alluvium 0-85; Alluvium and 5-7-57 29 T-29-57 72 2 it
260-290  Cub Mountainl/ sandstone in N 20
380- 1400 85-3U45 ;uMesa- Cub Mountain &/ ]}3%
verde 345-500 -0=5T 155~
) 260 8 Y
T-8 11.95.23.124 500 385 40- 60 Alluvium 0-55; Alluvium; sand- 10-16-57 25 10-16-57 50 L 136 o)
260-270 Mesaverde 55- stone in Mesa-
360-380 500 verde
Yo, &
Foley 11.10.7.23% Y11 103 23-103 Alluvium O- Alluvium 3-14-57 29 [2-7-56 b AL TR 62 100
116 3/ £ s
= % ot - =~
For MA+;O)‘\
1/ Cub Mountain of Bodine (1956).
_%/ Results of test not conclusive; pump ran erratically, and well apparently needed additional development.
l?'/ Reported.
L4/ Reported yield, after additional development.
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Test hole T-l.--Water was obtained at depths of 17 and 130 feet

and probably at depths of 175, 190, and 260 feet. Because the amount
of water at 17 feet was negligible and the water was highly mineralized,
the upper water-bearing zone was cased off. At a depth of 130 feet,

the hole was bailed for 1 hour at an average of 52.5 gpm. The drawdown
was 120 feet; the specific capacity was 0.27 gpm per foot of drawdown.
The hole was then drilled to a depth of 300 feet and was tested by
bailing for 1 hour at an average of 50 gpm. The drawdown was 65 feet,
and the specific capacity was O.T7 gpm per foot of drawdown. Casing
perforated at selected intervals was installed, and the hole was
developed for 3 hours in #-hour cycles of surging with surge blocks
followed by bailing. A pump was installed, and the hole was alternately
surged and pumped for 8 hours.

On January 2, 1957, pumping was started at 50 gpm. (See table 7.)
After 120 minutes the pumping rate was increased to 100 gpm, but that
rate was greater than the yield of the well, and after 92 minutes the
rate was reduced to 75 gpm. The well was pumped 1 hours at 75 gpm.

At the end of the first 120 minutes of pumping the drawdown was 52 fect,
and the water level was still declining; at the end of 212 minutes of
pumping the drawdown was 263 feet; but at 300 minutes (the end of the
test) the drawdown was only 134 feet. The water level recovered to

42 feet in 300 minutes after the pump was stopped.
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Test hole T-2.--Water was first found at a depth of about 40 feet,
and the zone yielded about 15 gpm. The saturated alluvium extended
to a depth of about 105 feet. Water may also have entered the hole
in the intervals of 125-150, 180-205, and 225-250 feet. The Geological
Survey representative suggested that the casing be perforated at
these depths. However, the casing was perforated at intervals selected
previously. (See table 7.) After the casing was installed, the hole
was tested by bailing for 1 hour at approximately 45 gpm. The well
was developed by six .-hour cycles of surging with surge blocks and
bailing and by 8 hours of surging and pumping with the test pump.

On February 25, 1957, pumping was started at 25 gpm. Subsequent
steps were 50, 60, and, briefly, 75 gpm. At the end of 55 hours of
pumping the net drawdown was 119 feet (table 7). The pumping test
indicated that additional development was needed. The well was
alternately pumped and back-flushed, and a large amount of sand was
removed, indicating that the well had been further developed.

A L-hour pumping test was made on March 4, 1957, beginning at
75 gpm. After 2 hours of pumping, the rate was reduced to 50 gpm.

The net drawdown at the end of 4 hours of pumping was about 25 feet.




Test hole T-3.--Water was found in the hole at about 58 feet;

the saturated portion of the alluvium was about 27 feet thick. When
the hole was 110 feet deep, a yield of about 40 gpm with a drawdown
of about 31 feet was obtained during a l-hour bailing test (about 1.7 gpm
per foot of drawdown). Water probably entered the hole also at depths
of about 155, 210, and 295 feet. After the casing was installed, the
hole was surged and bailed in the manner described for test hole T-2.
Subsequently, the pump was installed and the hole was pumped, surged,
and back-flushed for 8 hours.

On March 12, 1957, the yield of the hole was tested at 25 gpm for
2 hours and 35 gpm for 2 hours. The net drawdown at the end of 4 hours
of pumping was 50 feet.

Test hole T-U.--Water was first found at 40-U5 feet, indicating

only about 20 feet of saturated alluvium. Cuttings from the deeper
rocks indicated that little water could be obtained from the hole. A
bailing test on Pebruary 26, 1957, showed that the hole could be bailed
dry in about 52 minutes. The hole was capped without further work.

Test hole T-5.~-Water was reported by the driller to have been

found at 82 feet, and additional water possibly was found at 98 feet.
Exanination of the drill cuttings indicated a yield comparable to that
of test hole T-4. A bailing test March 9, 1957, indicated a yield of

10-12 gpm. No further work was done on the hole.
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Test hole T-6.--Water was found at 26 feet. Approximately

50 feet of saturated alluvium and 180 feet of igneous rock was
penetrated. Deeper sedimentary rocks were mostly clay and silt of

low permeability. After the hole was cased, it was tested by bailing
for 1 hour, developed with surge blocks, and subsequently developed for
8 hours with the test pump.

A pumping test was started on March 28, 1957, at 25 gpm. At the
end of 2 hours pumping the drawdown was 29 feet, and the rate of
discharge wvas increased to 50 gpm. After LO minutes of pumping at
50 gpm the water level was at the intake of the pump, indicating a
drawdown of about 2Tk feet. The discharge was reduced again to 25 gpn
for 1: hours. At the end of the Y-hour pumping period, the net
drawdown was 185 feet. After about h;; hours of recovery the residual

drawdowvn was approximately 2.6 feet.




Test hole T-7.--Water was first found at 37 feet, and the

saturated zone in the alluvium below was 48 feet thick. The two zones
that showed most promise as aquifers were the saturated alluvium from
37 to 85 feet and a sandstone from 380 to 400 feet. On May 7, 1957,
when the hole was 235 feet deep, it was tested by bailing for 1 hour
at an average of about 50 gpm. The drawdown at the end of the test
was approximetely 7 feet (about 7 gpm per foot of drawdown). The
water level recovered to 0.5 foot below the prepumping level in 35 minutes.
During the test, the drawdown in the adjacent Foley test hole was

1.4 feet. On June 20, when the hole was 490 feet deep, the yleld by
balling was about 5 gpm and the drawdown was small. When the hole was
completed at a depth of 500 feet, it was balled for 1 hour at about

60 gpm. The estimated drewdown was 20 feet, and the sp¥cific capecity
was about 3gpm per foot of drawdown. The hole was surged with surge
blocks for 3 hours and bailed. A test pump was installed to a depth
of 400 feet, and the hole was pumped and surged for ! hours.

On July 29, 1957, the hole was pumped at about 70 gpm for 2 hours
and et 130 gpm for 2 hours more. The drawdown at the end of ! hours
was 20 feet. During the test the pump operated erratically, and the
test was inconclusive. On August 8, the hole was tested again, and
the discharge varied from 153 to 260 gpm. The drawdown was about 220 feet.
After the 8-hour test, it was apparent that the hole would yield more
than 165 gpm indefinitely but that the hole would have to be developed

further before it could be accurately tested.
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Test hole T-8.--Water was found between 30 and 35 feet,

indicating a saturated section of alluvium about 25 feet thick.
The rocks below the alluvium appeared to have low permeabilities.
Casing was set at 385 feet, and the well was surged and bailed
for 5 hours. Subsequently, the hole was surged and pumped for
8 hours.

On October 16, 1957, the hole was tested by pumping for 4
hours at 50 gpm. The drawdown at the end of 4 hours was 136 feet,
which is equivalent to about 0.37 gpm per foot of drawdown.

Foley test hole.--Prior to the beginning of the water-

resource} investigation in the Three Rivers area, officials of
Holloman Air Force Base considered the Three Rivers area as a
potential source of water because of the water rights that could
be purchifed in the area. Several irrigation wells had been
drilledf;éiggé—area, g0 the Air Force drilled the Foley test hole
(11.10.7.254). The test of this hole prompted the investigations
described in this report. Records of the early work at the test

hole are not complete, but the hole has served as an observation

well throughout and following this investigation.




Transmissibility of the Water-Bearing Formations

Test pumping indicated the quantity of water that could be produced
{rom the test wells and provéded data that indicate the ability of
the formations to transmit water. Not all the pumping tests were
sufficiently controlied or %ong enough to provide accurate aquifer
data, but they do indicate the general megnitude of the coefficient
of transmissibility (T).

The coefficient of transmissibility is the rate of flow of
water in gallons per day through a strip of the aquifer 1 foot wide
extending the full height of the aquifer under a hydraulic gradient
of 1 foot per foot. Expressed in terms that more closely approximate
natural conditions, the transmissibility is the rate of flow of water

through a strip of the aquifer 1 mile wide under a hydraulic gradient

of 1 foot per nile.




Two methods were used to derive T from the Three Rivers pumping-
test data. One is Theis' straight-line recovery method (Wenzel,
1942, p. 95-96), using the formmla

264 Q f
et 108,07

wherein T = coefficient of transmissibility

Q = discharge rate during the test, in gpm
8 = residual drawdown, in feet

t = time, in minutes, since pumping started

t'= time, in minutes, since pumping stopped

A plot of o versus t/t' on semilogarithmic graph paper, using the

logarithmic scele for t/t’ should be a straight line. The value
1
» 108y b/t

8
change in s (as) over one log cycle, so that the formula is resolved

( is the slope of the line, which is taken as the

] 26h Q , e " : :
to T = \AE;‘. Most of the tests in the Three Rivers area were step

tests during which the test holes were pumped at two or more rates
thout stopping between steps. The coefficient of transmissibility
can be calculated from measurements of the rate of recovery of the

vater level after such step tests by use of the formula:




t1 + t! t2 + ¢! tr + t!
G0, o + Gy logy, T F T + weel logyy =)

204
e

wherein s = residual drawdown, in feet, at the pumped well
T = coefficient of transmissibility in gallons per day
per foot
Q = discharge of the well, in gallons per minute during
the step indicated by the subscript
t = time since pumping started for the step indicated
by the subscript to the time that all pumping
stopped
t' = time since pumping stopped
The procedure applies to a computation of transmissibility from the
recovery after any number of pumping steps--an additional term in
brackets being added for each additional step. The values of
residual drawdown are plotted on linear graph paper against the

of

valuesASUr the term in brackets for each time that s was measured
after pumping stopped. These points theoretically should fall along
a straight line. By selecting two points on the line and dividing
the difference in the two values of the term in brackets at those
points by the difference in the two values of residual drawdown at

those two points and multiplying the quotient by 264, a value for

the coefficient of transmissibility is obtained.
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Conditions in the aquifer rarely meet all the assumptions on
S
which aquifer-test formuladq are based. Alluvium, such as that in
the Three Rivers area, commonly departs far from the assumptions,
and the values for transmissibility may be greatly in error. In
addition, most of the teste involved not only the alluvium, but

several consolidated aquifers whose characteristics diverge widely

from that of the alluvium.




The analyses of the pumping test at the Foley test hole, test

T-2
‘ holes T-1,,T-3, T-6, and T-8 ere shown in figures 18 through 23. The

Pigure l6.--Recovery data from pumping test at Foley test hole
(11.10.7.2%4), Three Rivers area, Oterc County, N. Mex.,
February 7, 1956.

Figure 15.-~-Recovery data from step~puuping test at test hole
T-1 (10.10.32.%3L), Three Rivers area, Lincoln County, N. Mex.,
January 2, 1957.

Figure 20.--~Recovery data from step~pumping test at test hole
T-2 (11.10.6.%33), Three Rivers area, Otero County, N. Mex.,
March 4, 1957.

Figure 2l.--Recovery data from pumping test at test hole T-3
(11.10.6.433), Three Rivers area, Otero County, N. Mex.,

@ March 11, 1957.

Figure 22.--Recovery date from step-pumping test at test hole
T-6 (11.95.1%.234), Three Rivers area, Otero County, N. Mex.,
March 28, 1957.

Figure 23.--Recovery data from pumping test at test hole T-8
(11.95.23.124), Three Rivers area, Otero County, N. Mex.,

October 16, 1957.

data shown for the Foley test hole are meager, but the computed value
for tranemissibility is in the right order of magnitude. These data
are important because this test hole was the only one campleted
entirely in alluvium, and the transmissibility of 5,000 gpd per foot
indicates that the alluvium, though thin, is capable of transmitting

appreciable quantities of water.
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Test hole T-1, unlike the Foley test hole, tapped only the older,
consolidated sedimentary rocks. The alluvium was cased off and
presumably did not contribute water to the hole during the test.

The computed value for transmissibility was 1,300 gpd per foot,

which indicates that the Mesaverde Group can transmit appreciable
quantities of water and should be considered when a well field in the
Three Rivers reentrant is designed.

The geologic and hydrologic conditions in the area surrounding
test holes T-2, T-3, T-6, and T-8, all of which were finished in
both the alluvium and the older sedimentary rocks, are too complex
for accurate analysis of the hydraulic properties of the aquifers,

' as indicated by the marked changes of slope in figures 20-23. The
early parts of the recovery curves were used to compute the
transmissibilities, as they most nearly reflect the physical condi-
tions in th;z;mediate vicinity of the wells. The very low value for
transmissibility obteined at test hole T-6 (50 gpd per foot)

probably is the result of the thick and presumably impermeable section

of igneous rock penetrated in the hole.
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Only bailing tests were made at test hole T-4 and T-5, which
proved to have low yields. From the bailing test of hole T-4, the
transmissibility of the water-bearing zones at that location was
estimated to be approximately 40 gpd per foot. Two pumping tests were
mede at test hole T-7, but the data from neither were suitable for
suitable for analyses, owing to the erratic operation of the test
pump. From the results of a test on May 7, 1957, when the hole was
balled @& about 50 gpm, the transmissibility at test hole T-T7 is
estimated to be 2,000 to 3,000 gpd per foot; this bears out the
results at the Foley test hole.

The results of the pumping-test analyses are summarized in

teble 8. These results are only approximations.
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Chemical Quality of Ground Water

Most of the ground water from wells and springs in the Three
Rivers area is of fair to very poor quality for municipal or domestic
use. According to the standards for drinking water to be used on
interstate carriers (U.S. Public Health Service, 1946), such water
should not contain more than 250 ppm of either sulfate or chloride.
The dissolved-solids content should not be more than 1,000 ppm, and
preferably should be 500 ppm or less. However, water of poorer
quality is being used by many communities without apparent deleterious
effects. Of the 67 analyses of ground water given in table 9, only
the one for Trammel well 3 (10.10.33%.13l) meets the standards set
forth above. Of the 67 samples, 15 had sulfate content of less than
200 ppm, and 3> had dissolved-solids content of less than 1,000 ppm.

All but 5 of the samples had chloride content of less than 250 ppm.
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Table 9.-~Chemical analyses of water from wells and springs in the Three Rivers area, Otero and Lincoln Counties, N. Mex.

Chomical ~ constituents
[Analyses by U.S8. Geological Survey. 8Reeu%ts in parts per million except as indicated. Dissolved solids is residue on evaporation.]

, | [ f j | j } | Dissolved |  Hardness | ' | Specific 1
Principal Temper- j ' Cal- | Magne- | ' Potas~| Bicar- | Sul- Chlo-| Fluo—i i~ | solids | as CaCOz | Per~|Sodium |conduct~| f
Location | Owner or name | water-bearing Date | ature |Silica| Iron ‘ cium | sium | Sodium{ sium |[bonate fate | ride | ride |trate | |Tons ! | 1cents‘adsorp~;v ance pH | Remarks
No. ‘ formation | collected (°F) (si0,)| (Fe) { (Ca) | (Mg) | (Na) (k) {(Bco,) | (s0,)| (c1) | (F¥) |(NO,) | Parts | per |Calcium| Non |so~ | tion |(micro- ‘
‘ <4 | | | 1 { . S L 3 | { b { ! | : | | | F |
; ; | o @ | per .acre—g mague—gcarbon~1dium§ ratio mhos‘at
| | ‘ ‘ _ | ! : 2 L | | | million{foot | sium | ate | [ (SAR) |25°C)
N e s T L ot <% | Quotlern ary e =1 | | , T | 1 : v | | [ i 4&.;«.’72
10.9.8.121 I-X Ranch fAlluviuonr | 9=20-55 | 69 - - [ - | = ; 514 | 155 {1,030 278 | 1.0 | 4,0 - - 480 353170 | 10 | 2,940 7.2 h?ollected from end of 25-f;;¥ discharge pipe. Slightly
| | | | | | | | | 7 | | f 2
| Mesaverde ‘ f | [ ; 1 | | : j | f 1 i 3 ‘ turbid.
e ; | i | ; { ‘ ‘ | | } ‘ , ; f
| e e T | ‘
41 5 | o J | a | | 2,,5_0 [ | | |
‘ 13.212 | |Barnevell well | Tertiary(¢) | 8-23-56 | 61 | 25 - | 349 | 55 112 . 165 1,010 | 106 6 | h.6 I7Phe | 2.37 | 1,100 | 96218 | 1.5| 2,540 |7.h4 | Wwater clear.
| 1 : | | | ‘ ‘
| digneous ;5&*}
| ‘ | f
} ' rock(?) :
| £ | | | | -«
24,412 | |Minnie Hall well Cub Mountain b=17-56 - 26 - L 474 | 65 | 238 126 (1,310 350 1.1l 5.1 2,§}O 3. 44 1,450 1,350 | 26 2.7 | 3,180 7.5 | Estimated yield 61gpm. Water clear.
| | ‘ ‘
; gprmatioﬁvor
i Mesaverde (7) ! |
| ; g
{ grouplQ) } i
\ = ‘ » '\ , , f i ‘ : .
34,211 | |Halfway well Tertiary (7 ) 8=15-56 | . 65 | 72 { - | 147 | 51 | 47 | 122 340 153 o7 8.3 | 968 | 1.20 | 576 416 |15 | 8 1,320 7.5 |8lightly turbid. -Disselved selids is residue—on—
volcanicé | | i % 1 ) : ? | ' | evaporatiom; —
| rockK { ‘ | ; | ? | | | { | | | i
| ‘ | | | ‘ ‘ ‘ | ; | ‘ | 1
, 10,4, 441 | | Bataan Lodge well - 1=-4=57 56 | 20 ||~ ; 72 | 3.8 | 213 ; 298 300 ;N SR . | 850 1.13 195 | 0|70 | 6.6 | 1,250 |7.4 |Estimated yield 3 gpm. Turbid(?). Dissolved selide
5 | | | i | | | | ‘ | {
:‘ g f | f | ) | | isresidue—on evaporation.
| . | f £ " ‘ ! g ‘ | | :
L 5.222 ’ I-X Ranch and - | 1eke57 | 59 | 39 | - 1 528 | N | 175 | 241 917 2131 .b |15 | 1,870 | 2.5% | 1,090 888 | 26 2.3 | 2,460 7.4 iEstimtod yield 3 gpm. Wwater clear.
| ! | | ! : | |
~ | T, F. Ryan III | ! | |
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Table 9,--Chemical analyses of water from wells and springs in the Three Rivers area - Continued

2 4 p | REEEIE R
| s qu 2 miliion|foot Siu &
I s T oF Quaternary (P a3T = i e -
10.10.29,414 Brownfield well Alluvium' p 8-27-56 62 Lo - 266 59 95 250 746 90 0.5 3.3 H426- 1.93 906 701
32.334 T-1 e Leunemtn 11-27-56 61 14 - 137 26 Ly 240 284 36 .6 A 698 .90 Lkg 252
P O b
Mesaverde
group
32,334 do. do. 12-6~56 61 13 - 121 27 60 227 293 35 .8 .1 696 .90 413 227
32.334 do. do. 12-7-56 61 21 - 137 25 , 51 246 293 3k .8 .3 R7 9 445 224
32,334 do. do. 12-7-56 - - - - - - - 282 308 30 - - - - 508 227
32,334 do. do. 12-28-56 62 23 - 137 35 36 246 298 36 .8 .6 747 .93 486 284
32,334 do. do. 1-2-57 62 23 0.00 | 137 30 63 298 292 36 .8 ", 742 .99 L66 222
/
33,131 Trammel well ¥o. 3  Cub Mountain(?) 8-28-56 61 25 - 104 22 29 194 200 28 .6 3.1 554 .69 346 187
1)
formation{®Q
3 2,020
11.9.22.441 Sand well / - 7=-26~56 69 2.2 - 357 78 152 274 1,010 187 b .8 3920 2,61 1,210 986
of Quaternary QaqR
35,122 Gatehouse well Mo, 1 Alluviumkand 7=30-56 70 13 - 536 97 128 276 1,360 262 ¥ 1.2 2,530 3.44 1,740 1,510

oy o
Mancos £

2k

20

14

23

15

21

14

1.3

1.1

1.3

1.9
1.3

980

997

1,010

1,010

769

2,470

3,070

7.5 Water clear.
B
7.5 Bailed sample. MMddy. Depth of hole 132 feet. Measured
yield 32.5 gpm. Dicsolved solids—is residue—eon—
evaporation.—
Turbid.

7.8 Sample bailed from near bottom of hole. Depth

of hole 295 feet. +ismolved solidsis residue—eon—
—-evaperation.
e
7.7 Sample bailed from 125 to 140 feet. Turbid. Depth of
o
hole 300 feet. Measured yield 50.4 gpm. -Disselved—
1ide 4 i St

7.3 Sample bailed from 17 to 30 feet. Clear. Measured
yield 5 gpm.

Sample

7.3 Gollected after 41 minwtes pumping at measured yield of
A

‘/,799 gpm.

Ca mplc
7.0 ACollected after 290 minutes pumping at average of 62 gpm.
Clear. ©Dissolyed-selide—is residue on evaporatiens

7.3 dater clear. -Pisselved solids—is residue——on

-evaporation.
6.9 Estimated yield 3 to 5 gpm. Turbid.
7.1 Measured yield 1 gpm. Clear.




Table 9.-~Chemical analyses of water from wells and springs in the Three Rivers area - Continued

(2-63

|
|

i

f0b

Sample in
7.3 ;:@ngcted after 4(?) héurs pumpgi. Measured yield 50 gpm.

I e ) r } { | l | | T Dissolved Hardness ? ] |Specific| |
. ? Principal ' Temper-= | ’ < Cal- | Magne- ! | Potas=| Bicar- | Sul- Chlo~| Flua~-| Ni~- solids | as CaCO=z | Per=|Sodium ?conduct-q ?
Location Owner or name ; water-bearing Date ature [Silica| Iron | cium | sium | Sodium{ sium | bonate | fate | ride | ride |trate |Tons l ]centjadsorp-l ance | pH | Remarks
No. |  formation collected | (°F) |(510,)| (Fe) | (Ca) | (Mg) | (Na) ahd(K) ‘(HCO}) | (80,) | (c1) | (F) 41«03) Parts | per g'lalciuml Non |so~ | tion |(micro-
| ; ' | i ‘ | | : 3 ‘ | per |acre-| magne-|carbon-|dium| ratio |mhos at
j | i | | | J | “‘s&‘ | | | 'million|foot | sium | ate | | (SAR) [25°C) |
| 1 T | | i ‘ | | | l T R .'
| | | I | | | | | | | | | | | | |
$11.9%.13.124 | Chapel gpring | Tertiary | b=25-55 : SRR R ~ [y A SER e | - | 117 | 486 156 | = - - S| 730 | 634 - | = | 1,520 | 7.5 | Water clear.
! | " ' | | ' ' | ' ’ ’
I ; e ! : * ; : | ? l
vol cg rocle ; | . 4 ; f i
I P“P%-r.%— j | | ! ; ! f
11.9%.13.234 T-6 c g Quaternary aSib 2-20-57 | 63 - - - - ’ - 184 1,300 108 - - - - 1,510! 1,360 = 1' - 24550 | 7.5; Bailed sample. Very muddy. Depth of hole approximately
| | { | | |
} alluvium | | | | 4o feet.
13.234 do. do. | 3-19+57 69 - - - - ‘ - 125 480 93 - - - - 485 | 382 - | - 1,360 | 7.4 | Sample bailed from bottom of hole. Muddy. Depth of
| I I i ‘ |
| | 1 ‘ hole 303 {e;t.
13.234 do. do. | 3=28-57 65 RN - ' 189 by 33 L 178 451 67 0.6 0.4 966  1.21 640 Lok ' 10 0.6 1,300 | 7.2 IA&ollected after 32 minmtes pumping at measured yield of
| . : : 5 v ()
;: ‘, 1 ' | | 25 gpm. Slightly muddy. -Disselved solids—is residue
| | | 3 | | ! |
5 ~ : 1 , ' ‘ | en—eveporations
': 'i | | | é | | Sample
13.234 do. | do. | 3=28-57 | 68 - | - - | - - | 189 - 79 - - - - 650 4g8 - - 1,280 7.3 | ollected after 179 minutes pumping at measured yield of
‘ | | { ‘ { | { ?’\ "
| | | bl P | | £ A 1
| ] f [ | | ! 5 gpm. 1most clear.
+do. 5 i E | } : '. 4230 [
13, 244 Bosque well Aruvils s - S 29 | - |202| 49 | 25 | 196 438 100 .8 | 1.1 9hy 1,28 | 706 | Sk5 | 7 4 | 1,350 | 7.3 | Water clear.
‘ ? | , | | |
S11.94.13.422 TF Ryan TL Qm&exdnoa:ry 2-29-56 [ - 2% - | 169 | 34 | 26 | 161 349 85 Pe % | 787 1.04 562 430 9 »5 1,120 | 7.5 ' Seep issues from gravel in bottom of Indian Creek.
| | | | | | | | | [
| - elluviem ‘ | | | i ; I Estimated yield 2 to 3 gpm. Clear. ®Dissalved solids-
| | | | | . | | |
| | | | ! | ‘ ! ‘ ‘ 1
| 119 %.22.244 'Rattlesnake well ‘ do. | We22-55 | 60 | = "} - | = 8T - . 234 682 128 - - - - 940 748 | - - 1,850 | 7.1 | Water clear.
| | | : | | | | | |
i | | I { | /,6‘60 | |
22,244 ; do. g do. : 8-22-56 | 65 | 30 | - | 264 -~ S| 70 | 236 642 | 114 | .5 2 5 175 872 679 | 15 1.0 1,800 | 7.1 | gstimated yield 100 to 200 gpm. Water slightly turbid.
1 | | | | | { i |
, | | i | | f ‘ ] | ! ‘ ‘u-—Plg
22,244 | do. ’ do. | 11-6-57 ’ i e B - | - - ; - 1 81 656 @104 K - - - - 655 588 | - - 1570 129 ‘;Abollected after 5 minwtes pumping at estimated 200 gpm.
| | | | | |
| | | | | | | | | |
| 23.124 | 7-8 | 81657 | - | - b- |i= N - | 95| 792 | 180 | - - - - 950 | 872 - - 2,020 7.8  Bailed sample. Contained sediment. Depth of hole 42 feet.
| : t‘ i | | | . ‘ 5 1 i | P
| 23.124 do. | Qlbviomjand | 9-13(2)-57 - | = |- | - | - | - | 228 | 992 | 179 | - - - | - | 1,100]| 913 - - | 2,390 7.1 |Depth of hole 385 feet.
! | ; ’ { f l | : n | ‘ ! | | N
'! 23.124 do. : Mesaverde 3"°UP' 10-16-57 | - ; - f - ‘ - f - - ! 146 821 1h9 | W - - 750 | 630 - i - 2,050 |7.1 b Pumped sample. Depth 500 f;:t, cased to 385 feet.
| | i | TR | | _ | 4 S
p 23.124 do. § do. |  10-16~57 | 67 ‘ e, = I - | - | 142 823 149 | = - - - 745 | 628 - | =~ 2,050 7.0 f,‘(;o{lected after 3 héuts pumping at measured yield 50 gpm.
{ . : | { ’ | | ' ‘ g | ‘ ‘
3 ’ 23.124 do., x do. 10-16-57 | 67 | 26 i |20 28 197 132 818 | 145 | 1.1 .1 1,520 2.08 739 | 63137 | 3.1 2,020
|
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Table 9.,--Chemical analyses of water from wells and springs in the Three Rivers area - Continued

V V T C c ) i 2 ) and Y s0- io ero- »
oar - - - di ey 4
as N a I A A1 U ALl O
; X s - <, _LS__.,___~ 2&E Sh 2 1Sa u.a;‘r
L 3
11.9%.28.214 Fishpond well 3o, l.QQuaﬁgﬁeﬁijé;;Q 8=24=55 63 - - - - 156 227 976 195 0.4 2.5 - - 1,140 954 23 2.0 2,390 7.2 ACollected after 10 minuwtes pumping. Water clear.
averd'e:
ﬂroup
% St }, 010
31.,10.5.112 Johnson well #os 1 (Quaﬁfrnaiy «a9e 8~15-56 62 14 See 189 39 50 228 488 30 .y 1.3 G2l 1,26 632 Lis 15 .9 1,280 7.6 Precipitated irom = 0.18 ppm.
a\luviv
= N
T remarks
5.121 Johnson well ¥o, 2 8-14-56 66 24 - 148 33 51 232 347 45 oD .9 840 1.04 505 315 18 1.0 1,110 7.4 -
alluvium ,\and
Cub Mountain
gprmation
5.332 T-5 @ternary a &) 3-6-57 64 - - - - - 180 83 137 - - - - 990 842 - - 2,060 7.6 Bailed sample. Muddy. Depth of hole 210+ feet.
glluviumh
- B 2
$11,10.6.214 j % 3 chm I do. 2~29-56 62 30 - - 172 L2 93 257 L6k 76 o7 1.6 1,020 . 1.37 602 391 25 1.7 1,420 7.6 Estimated flow 2 to 3 gpm. Clear.
T /\
11.10.6.333 =2 12-29-56 - - - - - - 171 - 29 - - - - 376 236 - - 792 7.4 Bailed sample. Turbid and muddy. Depth of hole 65 feet.
€.333 do. alluvium and 1~-10~-57 62 - - - - - 145 284 37 - - - - 262 24y - - 895 7.4 Bailed sample from bottom of hole., Muddy. Depth of
= A A0
Mesaverde . | hole 205 feet.
group
6.333 do., do. 1-18-57 65 - - - - - 207 271 35 ~ - - ~ 284 114 =~ - 9k6 6.9 Bailed sample from bottom of hole. Muddy. Depth of
hole 297 feet.
Ja\mp('q
6.333 do. do. 1-28-57 - - - - - - - - - - - - - - - - - 877 - Abollected from 40% of 105 bailers. Muddy. Bailed at
45 gpm. Depth of hole 300 feet.
‘:} A {f
6.333 do. do. 1-28~-57 61 ~ - - - - 195 289 38 - - - - 436 276 - - 923 7.4‘;§01 ected from 102nd of 105 bailers. Muddy. Bailed
at 45 gpm.
6.333 do. do. 2=25~57 63 23 0.00 | 128 29 33 198 282 37 .6 .6 675 .86 438 276 14 B 924 7.2 Collected after 40 minutes pumping. Measured yield
25 gpm. Slightly turbid. Total iron = 3,0 ppm.
Pieselwved solids is residue—onevaporatiens
20 ¢
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Table 9.,--Chemical analyses of water from wells and springs in the Three Rivers area - Continued

and :;,:— tio ] -
R Paserion | - abEE . FaENE A R R o g el e o B 2 ,
11,10.6.333 T-2 62 25 0.00 @ 136 26 35 202 293 36 | 0.6 0.6 691  0.89 LL4E 281 15 0.7 949 7.2 Collected after 235 minutes pumping. Measured yield
50 gpm. Clear. Total iron = 1.9 ppm. Disselved—
6.333 do. 65 - - - - - 200 296 30 - - - - L76 312 - - 96k 7.2 Collected after 235 minutes pumping. Clear.
‘ 6.433 T-3 - - - - - - 185 L48 L2 - - - - 594 Ltp = - 1,230 7.6 Bailed sample. Muddy. Depth of hole 60 f;;t.
6.433 do. 63 - - - - - 170 437 62 - - - - 536 446 - - 1,250 7.6 Bailed sample. Muddy. Depth of hole 105 fé;%.
g;‘qw\Plf
6.433 do. do. Zm]12=57 64 - - - - - - - ~ - - - - - - - - 1,210 - Qollected after 31 minutes pumping. Measured yield
i -
25 gpm. Depth 300 feet.
6.433 do. do. 3=12=57 64 24 - 168 36 Li 176 416 60 ob 1.5 915 1.14 567 L23 15 .8 1,190 7.4 Collected after 233 minutes pumping. Measured yield
35 gpm. Clear., BPissolved solids—is—residue—on-
-evaporation.
test hole ‘
7234 Foley\Ne. of Quaternary aqg< 2=2=56 - - - - - - 256 744 91 - - - - 1,040 830 - - 1,790 7.1 Water clear. Sample from ditch.
2lluvium ! :
= \‘,‘gu,-’-c
. 7.234 do. do. 2=7=56 62 27 - 152 28 21 195 286 56 .8 1.6 703 .91 Lok 334 9 o 983 7.4  Gollected after 6 heurs pumping at 105 gpm. Slightly
/\

cloudy. -bissolved golids is—residus_on evaporatioh.-
804




Table 9,--Chemical analyses of water from wells and springs in the Three Rivers area -

Continued

LA-C3

i 2)and .
as Na
11.10. 7.231* i Fo].ey'\i.:ést Hole M‘@ 9-17j5_6 oo = 03 = -~ [ - 212 362 73 B

flluviumh ’
7.23ka -7 °%Muz‘@ 4=27-57 - 47 260 51 26 197 622 72 0.5
7.23ka do. alluvium\and *  5-16-57 65 - - - - - 506 66 -

Cub Mountain

gprmatio;
7.23ha do. do. 6=6=57 - - - -~ -~ 222 659 67 -
7.234a do. do. 6-21-57 - - - - - 194 716 73 -
7.234a do. do. 6~-21-57 - - - - - 224 662 70 B
7.234a do. do. 7=2l=57 - - - - - 241 688 78 -
7.234a do. do. 8-8-57 63 - - - - 214 L46 69 -
7.234a do. do. 8-8-57 63 - - - ~ 215 - 67 -
7.234a do. do. 8=-8=57 63 - - - - 75 - 68 -
7.234a do. do. 8=-8-57 63 - - - - 213 - 69 -
7.23k4a do. do. 8-8~-57 63 29 216 37 2k 214 452 68 o5

lved P pecific
1ids r-i{Sodiu conduct-
Tons ~ent |adsorp- anc Jemarks
! per so~ tion icro-
pex cre-| magne- -!dium| ratio |mhos at
] yot siu e (SAl 250 ¢
- - 625 ksp - - 1,170 7.2 Bailed sample. Contained sediment.
/,2/0 il
5 1.60 858 696 6 O.4 1,530 7.6 Sample bailed from bottom of hole. Depth of hole 50 feet.
- - - = * - 14370 - No casing in hole. Sample bailed from bottom of hole.
Very muddy. Depth of hole 257 feet.
- - 845 663 - - 1,600 7.5 Cased off to 282 f;;i. Sample bailed from bottom of
P
hole. Muddy. Depth of hole 386 feet.
£
- - 1,000 841 - - 1,690 7.4 Sample from 50 feet with sampler. Turbid. Depth of hole
500 feet.
- - 940 756 - - 1,610 7.4 Sample from 400 f;;% with sampler. Turbid.
1,490 2.03 985 788 =~ - 1,610 7.3 Bailed sample. Contained some clay. Measured yield 62 gpm.
Bisseolved selids—is residus on-eveporation.
S-’J\m }Q g
- - 720 54y - - 1,260 7.4 AQolqected after 1 heur pumping.
Seaimpl
- - 715 539 - - 1,260 7.4 Gollected after 3.5 héurs pumping.
wnpla Ll
- - 570 508 - - 1,120 8.0 Jfollected after 5 hours pumping.
- - 705 530 - - 1,280 7.4 Kollected after 6 hewrs pumping.
A
/,000 “55“*”‘PJEL —
932~ 1.27 691 516 1,280 7.3 GEollected after 6 heurs pumping. Measured yield 200 gpm.
Py

Contained some sediment.




121.10.7:411
well
8.311 T-4
8.331 Martinez well
alluviuml| and
= A
Cub Mountain (7)
V
formation()
17.422 Mescalero Apache do.(?)
Indian Reservation
"Indian well"
19.132 Golondrina well do.(?)

1/ Cub Mountain formation of Bodime (1956).

o fF

8=10~56

8=b=56

63
75

68

67

15

22

20

Table 9.--Chemical analyses of water from wells and springs in the Three Rivers area - Continued

- 29k
- bkl
- 145
- 168

90

124

74

stas-| Bicar
4I§ 51U oonat

”m “‘\ 3 Py i v~’<
s _Na il
2 = b2 11101 b Ai‘.__..
/, 350
24 212 629 120 0.5 0.4 5 371
- 195 261 39 - > - -
2,5%o
181 146 1,130 400 1.2 .8 23530 3.17
2,930
239 204 1,170 534 L4 1.9 7 3.59
2, 2éq
97 190 1,190 204 R 1.2 25156 2.92

al J:JV "f:

magne-— ratio hos

5 { : - i
948 74 5 0.3 1,660 | 7.5 Water clear.
Lkl 284 - - 896 7.4 Bailed sample. Muddy. Depth of hole 55 feet.

1,470 1,350 21 2.1 3,090 7.2 Estimated yield 2 to 3 gpm. Turbid.

1,620 1,450 24 2.6 3,630 7.3 Estimated yield 2 to 3 gpm. Turbid.

1,470 1,320 13 B, § 2,600 7.4 Estimated yield 4 to 8 gpm. Clear.



Ground water in the Three Rivers area is largely of the calcium
magnesium sulfate type. As is true of the water from some parts of
the Tularosa Basin, the sulfate content governs the potability, because
the chloride content is much lower than the sulfate content. Wherever
the water is classed as usable with regard to sulfate, it is classed
usable also with regard to chloride. In analyses in which most of the
anions were determined, the nitrate content was less than 15 ppm, and
in most samples less than 2 ppm; fluoride was less than 1.5 ppm; both
are well below the maximum amounts considered permissible in water for
domestic use. Dissolved solids ranged from 554 ppm in well 10.10.33.131
to 2,640 in well 11.10.17.422. All the ground water sampled is hard.

The pattern of chemical quality (fig. 5) shows that supplies of
usable ground water occur in a rather restricted area of the reentrant.
In the northern part of the reentrant, from sec. 30, T. 10 S., R. 10 E.
northward, samples from existing wells indicate that the ground water
contains TO0 ppm or more of sulfate. South of Indian Creek, the three
existing wells all yield water containing more than 1,000 ppm of sulfate.
From these wells, and from the south end of the Godfrey Hills down the
water gradient to Three Rivers station, the ground water contains

increasingly larger amounts of sulfate.
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. The remaining area, some 5 to T square miles in the central
and southwestern parts of the Three Rivers reentrant, contains ground
water with a sulfate content of 200 to about 500 ppm, except for a
sulfate content of 853 ppm in water from well 11.10.5.3%32 (test hole T-5)
near the eastern boundary of this area. In this area there ls maximuu
opportunity for recharge with water of initially low dissolved-solids
content. The alluvium in the area is in large part derived from rocks
containing few readily soluble minerals. In the other parts of the
Three Rivers area, water moves through sedimentary rocks rich in

sulfate minerals and through alluvium derived from those rocks. In

those sulfate-rich areas, too, the amount of recharge from precipitation
is less, owing both to the lesser amount of precipitation and to the

. generally low permeebility of the rocks.
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The analyses show that ground water produced from the area
would have to be mixed with water of a better quality in order to
produce water that is within the U.S. Public Health Service
standards (1946). For any constituent or fo;TEissolved—solidu

content, the quality of a mixed water can be computed by the use

of a dilution formula:

GG 8-
R ™

m Q,
ceacentration of
wherein Cm =pconstituent or dissolved solids in the mixed water,

in ppm

(@}
i

concentration in the poorer water

Q
L]

concentration in the better water

O
"

quantity of the poorer water used in the mixture

¢ = quantity of the better water

D
1}

quantity of the mixture, or Qp + Qg

Thus if 1,000 gallons of water containing 500 ppm of sulfate were
mixed with 1,000 gallons of water containing 50 ppm of sulfate, the

resulting 2,000 gallons would contain 275 ppm of sulfate.
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Water from the Tertiary volcanic rocks in the Godfrey Hills,
as represented by the sample from Chapel Spring (511.9..13.124),
was very high in dissolved solids, especially sulfate. Water from
volcanic rocks in New Mexico generally contains only small amounts
of dissolved solids, especially if the sampling point is close to
the recharge area. The volcanic rocks of the Godfrey Hills apparently
contain a separate water body not connected with that in the alluvium
of Quaternary age and older sedimentary rocks. Recharge to the water
table in the Godfrey Hills comes from precipitation directly on the
hills. The origin of the higher mineral content of the water is
not known, but the mineral matter may be carried into the volcanic
rocks by hydrothermal activity in connection with some of the small
bodies of intrusive rocks, or from soluble minerals carried as dust

on the prevailing southwesterly winds from the Tularosa Basin.
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. Potential Development of Ground-Water Supplies

The best aguifer in the Three Rivers area, with respect to

both quantity and quality of the water, is the alluvium of Quaternary
age. The Cub Mountain Formation of Bodine (1956) and the Mesaverde
Group also yield water that is potable, or nearly so, but in much
smaller quantities. On the basis of available data, the area that
would yield the largest quantities of water of the best gquality in
the Three Rivers reentrant is in the following tracts: SE} sec. 12
and NE: sec. 13, T. 11 8., R. 9% E., the 8} sec. 6 and that part of
gsec. T, T. 11 8., R. 10 E. north of Indian Creek. The area between
well 11.95.13.24% and test hole T-T7 (11.10.7.23ka) appears to be the
most promising. In most of the area thus described, carefully

‘ constructed and thoroughly developed wells no more than 300 feet deep
should yield more than 100 gpm each. In the area of test hole T-T,

it should be possible to construct wells that would yield approximately

200 gpm each. If six wells yielding 100 gpm and three wells yielding
200 gpm were constructed and pumped 8 hours daily, the yield of the
area would be 0.58 mgd of water containing not more than 500 ppm of

sulfate. Spacing of such production wells should be as great as

possible, certainly 0.1 mile or more apart, to reduce mutual

interference.
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Elsevhere in the reentrant, prospects for large, or even
rowun o
moderate, quantities of potable or near potable water are not good.

A
The northern pert of the reentrant apparently does not contain
appreciable thicknesses of alluviun, and data from existing wells
imply that the guality of ground water is poor there. The poor
guality of ground water south of Indian Creek and west of the
Godfrey Hills removes those areas from consideration. OCnly one
other part of the Three Rivers reentrant may be worth consideration
&s a potential well area--the vicinity of Three Rivers Canyon in
sec. 32 and the W, sec. 33, T. 10 S., R. 10 E. On the basis of the
yield of test hole T-1 and the quality of water from and Whe
reported yield of well 10.10.33.131, the area could be developed as
& supplemental supply to the potential well field in the lower part
of the reentrant. Yields from wells in the upper Three Rivers
Canyon area probably would not exceed 100 gpm; bhowever, the

quality of the water to be obtained apparently is much better than

in the area downstream in the reentrant.
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Conclusions

Streams in the Three Rivers area flow in response to precipitation
from thunderstorms and as & result of snowmelt on Sierra Blanca. The
stream§in Three Rivers Canyon and Indian Creek are perennial in their
upper reaches. During the 2} years of observation on the two streams,
Indian Creek yielded about 60 percent more water than the stream in
Three Rivers Canyon. Both streams at times are dry, or nearly so, and
both occasionally flood. Storage reservoirs would be necessary to make
full use of the surface water. The average yield of surface water from
the Three Rivers drainage basin is estimated conservatively to be about
1,700 acre-feet per year. Yields during years of above-normal
precipitation could be as much as 3,500 acre~feet, or more. Surface
water in the Three Rivers area generally is of good chemical quality,
especially the water of upper Three Rivers Canyon and upper Indian
Creek. In both streams, the sulfate content is usually about 100 ppm,
or less.

The Three Rivers area contains both sedimentary and igneous rocks
that have been complexly faulted and intruded. Of these rocks, only
the alluvium of Quaternary age and sandstones of the Cub Mountain
Formation of Bodine (1956) and the Mesaverde Group can supply appreciable

quantities of water to wells.




The aquifers are recharged by precipitation in the area and
by streamflow from the flanks of Sierra Blanca, east of the area.
Most ground water is discharged westward out of the area. Of the
approximately 150 square miles investigated, only 5 to 7 square miles
is underlain by ground water containing less than 500 ppm of sulfate,
the constituent by which the potability of the water can be judged.
Even within this smaller area, most ground water contains more
dissolved solids than is generally considered acceptable for domestic
use. Such ground water would have to be mixed with water of better
chemical quality to produce an acceptable sulfate concentration.

A minimum of 0.5 mgd of ground water, or about 560 acre-feet per
year based on an 8~-hour pumping day, probebly could be pumped from
the most favorable area in the Three Rivers reentrant.

The total supply of water in the Three Rivers area that is
suitable for supplying domestic needs in Alamogordo and Holloman
Air Force Base, water containing 200 ppm or less, of sulfate, is

estimated to average approximately 2,300 acre-feet per year.
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u.s, Geglositq' Surve
Table 10.--,‘Sample logs of tesz holes in the Three Rivers area,

Otero and Lincoln Counties, N. Mex.

Test hole T-1 (10.10.32.334)

Material
(feet) (feet)
—Qua%ermryfg.lluvium:
Sand and gravel weecweeeeemeseoone—"o—.——— - o 15 15
Sand, gravel, and boulders =eeeccecmccwecwccecnea 2 17
Clay, blue, with sand and gravel «=ee- - e 0 p 30

~“Persiasy({t) Cub Mountain formation of Bodine (1956):

Clay, red =eeseccceccmcncnenn" ORI —— 20 50
Clay, red, and some Sand ~e=-eeecccmecccccccaes 70 80
Clay, red =ewemeememomomoc o ——————————— 10 90
CretacecusyMesaverde group:

Sandstone, gray =e~e-esescccccscccssccncaccacs 10 100
Shale, sandy, Gray =-eesveccccsceecoecsaenoe s 5 105
SRALE, GYAY = o o on o o o o o o e e 5 110
Shale, sandy, gray -=--=ses=cc-cescmccccecees 5 115
Sandstone, gray, and gray shale -==weeeeecawe= 10 125
Sandstone, / gray, ’fine- to medium—grained7

poorly cemented; /‘/ater ------------------- 10 135
Sendstone, grey, hard, and gray shale ««-ww=-- 5 140
SHALE, [TBY = wwmtor oo om oo e om0 o0 e 0 2 o o 20 0 00 e 5 145
Shale, reddlish-brown —eeweccecccrccccccenccan. 20 165
Shale, ErAY s~e=essrecccscesscnvenneeneeenen 5 170




LS Geof03ic.c.| Surue‘j
Table lO.--;\S&mple logs ef—test—holes - Continued

Test hole T-1 (10.10.32.334) - Continued

~ Thickness Depth
Materlal
(feet) (feet)
-EretaceousyMesaverde group - Continued
Sandstone, very fine- to medium-grained,
yellow, gray, and brown, slightly
calcareous, slightly pyritic; probably
ROre VALer meecvccacrmcnavcnuncnemnes - e 25 195
Shale, blue-gray, CHCAreous ===-s-cesecmee-- 5 200
Sandstone, fine~ to medium~grained, yellow-
brown, calcareous and gray quartzitic shale 10 210
Shale, silty and sandy, browm, very
CRLCATCOUE = o tm o om cm o o o ot o 00 20 o o b e 5 215
Quartzite, and sandstone, very fine- to
medium~-grained, calcareous, ferrusénous »
much silt and clay =ewcrecnmvaccccacnnanenn. 5 220
Limestone, blue-gray (may be chert), and
some calcite and pyrite wecweccemvnccncunas ? 3] 233
Shale, blue and gray =e=emeemeoommnooeonooo- 2 235
BhAle, GIBY =====eemesmecne—————————————— 10 2u5
Bhale, sandy, GYQY ~~emesewcwcmececasccsanmee 10 255
Sandstone, very fine- to fine-grained, very
S1ILY mevcmcmm e e ——————— 10 265
No sample =«=ececcscccoccrcecrenecncnccanan——— 5 270




u.s. GQ0103I.CQ) Surueu‘
Table lO.--ASa.mple logs eftest—holes - Continued

. Test hole T-1l (10.10.32.334) - Continued

Thickness Depth

Material
(feet) (feet)
-GretaeesusysMesaverde 5’group - Continued
Sand, fine- to medium-grained, very slightly
CALCATIEOUS =mmemmmucmne o n—eo———-——————— - 12 282
Sand and silt, some blue-gray clay ~-eeeseee- 13 295
Band, very fine- to medium-grained, light
gray, subangular to subrounded w=eeweeaewew 5 300




u.s. Gcoloj‘,go[ S\xl‘deu)
Table lO.--;‘Sample logs of—test—holes - Continued

Test hole T-2 (11.10.6.333)

Thickness Depth

Material
(feet) (feet)
Allaviam
e e b
5ilt, clay and sand ~-vesccccccccew - 5 -
Sand, silt, and graveJ/ withsome—elay wwva=- 35 20
Sand, silt, gravel, and boulders,-with—seme—
—BLAY-~ememenncwnenae cenanaesens Swwcnennsens 15 25
Gravel, clay, silt, and sand, slightly
calcareous; water encountered at about 45
feet, reportedly 15 gpm =vsecccmcecccececes - 15 50
5ilt, sand, and gravel «eewececceaccas - e 0 0 - 55
o o) /o e
8ilt, sand, gravel, some cobbles and seme
clay ==meecaaea= e 0 e ———— 15 T0
Sand, gravel, silt, and clay =~=eveecccccncen - 5 75
Sand, gravel, and clay «==eswecaee- e ————— 25 100
No sample (reported--sand, gravel, and clay) 5 105
Mesaverde group:
=
g, /’Ir//
Clay, very sandy with-seme- silt,, gray,
moderately calcareous, seme-pyrite ~e-me-w- " 120
Sand, very fine- to medium-grained, gray,
silt and clay, very slightly to moderately
calcareous, Seme-pyrite and limonite ==-=-= 35 155
NO S8mple ewsmecacecccm e e e ar - - 5 160
Sandstone, poorly sorted, gray, slightly
Calcareous =--wecccnecceecnnen - ———— 15 175




us. C,eoloc,;cc.\ Suruc.’
Table lO.--XBa:nple loge of—+%est holes - Continued

. Test hole T-2 (11.10.6.333) - Continued
Thickness Depth
Material
(feet) (feet)

Mesaverde group - Continued
Shale, gray, and very poorly sorted sand ---- 5 180
Clay, very sandy, gray, gravel and cobbles
reported «ecemwcece- - 0 o 0 - 21 201
Clay, very sandy, blue-gray, slightly
CAlCAreous ~=—eem== B T e——— —m———— 2L 225

Sandstone, poorly sorted, moderately

calcareous,and dark gray shale =-==e-ece-- - 15 20
‘ Shale, dark gray; and light gray, calcareous,
very sandy Clay ===wevecceece= —————— —————— 25 265

Clay, sandy, gray; and shale, dark gray,

CAlCAYrEOUS wmemmncaw=ewe —— o i i e Wi 5 270

Shale, slightly sandy, dark gray, calcareous 15 285
Clay, moderately sandy, gray; and shale, dark

gray, calcareous =-

S&mples miﬂﬁing 5 €5 G5 G5 50 GN TH R 40 R W W W BN - - - - 1_0




U.S. Geological Survey
Table 10.~--Rample logs ef—test—heles - Continued
A

Test hole T-3 (11.10.6.433)

Thickness Depth

Material
(feet) (feet)
Alluviarm :
Gravel, very fine- to mediunm-grained, sand,
and CalCareous Clay ==ewemsccmcavamacoceeens 30 30
Gravel, fine-grained, sand, arﬁ: %’rown, very
slightly calcarecus €lay e-=eeecwees ——————— 5 35
Gravel, fine~grained, sand, and slightly to
moderately calcareous clay ~=~== ———————— 20 55
Gravel, fine sand, and very slightly
’ calcareous clay; water reported at 50 feet 5 60
Gravel, fine- to coarse~grained, sand, and
very slightly calcareous Clay =e-=weew-= -—— 25 85
Mesaverde group:
Clay, sandy; reddish-brown, moderately
calcareous, coarse material probably caved
from 8boVe «~emeccmsmcccecnnncnnncccrccens - 15 100
Sandstone, gray, silt and clays slightly to
Very CalCareOul «=-=sweemmmmmeoe- e o e 10 110
Sandstone, brownilsh-gray, very poorly sorted,
much silt and clay; very slightly
calcareous ==~==- - o e o o - o 0 15 125
Clay, very sandy, yellow, black, and gray =-- 10 135




.S Gtoloﬁl‘t‘.q\ Survm,
Table lO.-_'\?!\ample logs ef—test—helies - Continued

Teat hole T-3 (11.10.6.433) - Continued

Thickness Depth
Material
(feet) (feet)
Mesaverde group ~ Continued
Sa.nds;one, very fine-~ to medlum-grained,
gray, Enimuch cmﬂm- 15 150
Sandetone, very fine- to medlium~-grained, gray,
moderately calcareous, -seme- clay, gray, and
shale, black we==ww« - —————— - 15 165
Clay ,j mﬂ.sh-browx and gray, very slightly
to woderately calcareous, Sanfy—---=-ec-a= - 5 170
Sandstone, very {lne~ to mediuwn~grained,
brownish~gray, moderately calcareous, clay,
and trace of pyrite =wevcecaa- - 45 215
Shale, light gray and dark gray, very
and very [itle Sand
slightly calcareous, withea—elighi amouns
of8aRd wmvsumcrmncnnn——— - - 5 220
Clay (or shale) silty and sandy, gray,
noderately Calcareous wveemwcemcemceeca ———— 20 240
Shale, dark gray, non-celcareous, medium
gray clay, |very calcareous;( very silty,
8

glightly calcareous sandstone {L88%Z~L8f..-. #5




53 Gco\\ﬁ\ cal Suruq‘,’
Table lO.-jﬁample logs ef—test—holes - Continued

Test hole T-% (11.10.6.43%) - Continued

Thickness Depth

(feet) (feet)

Material

Mesaverde group - Continued
Clay;\slightly sandy, medium grey, slightly
calcareous, and sandstone ~==e-ceccceccccenen 5 290
Sandstone, very fine-~ to coarse-grained, some

silt and clays slightly to moderately




u. -GQO\ “ch\ Su\—\JQ
. Table lO.--A aple Togs - - Continued

Test hole T-4% (11.10.5.311)

Thickness Depth

Material
( feet) (feet)
Allwvicem : :
Clay, very sandy, brownish-gray,
calcareous ====m=—- e o o e e e 5 9
Sand and gravel, with clay and silt; water
encountered between 40-45 feet wewweww ———— Lo L5
Sand, very flne~ to very coarse-gralned, much
8ilt and clay =weseencuncenmueancannnnnn——" 5 20
No sample =«==-- o e o v e o o e e e e 5 55
. Band, very fine- to coarse-grained, silty,
SOME ClAY ~mwwmmmmo— e e e e v - 5 60
Cub Mountain formation of Bodine (1956):
Clay, silty, light blue-gray, slighily
COLCAYEOUS = wm e o oo e o e o o o o 0 o o o e o o o e 5 65
Shale, dark gray, slightly calcareous ~=-—--- 5 70
Sandstone, very fine~ to coarse~gralned, very ‘
silty and ﬁgb;lgézw{ noderately calcareous 35 105 ‘
Sandstone, siltiy, withge-?tefe clay =cwcmavacen. 15 120
Clay, very eilty, maroonish-gray, micaceous,
slightly calcareous ===e-- e 0 e 2 o 0 o 5 125
portly siliceons;
Sandstone, very fine~ to coe.rse-grained{l\mch
clay end silt; seme—guarizite;and—some
' mediun-gray shale =eec=--- e T 20 145

q9




n.S. Geo\osicm\ Suu-vou)
Table 1 .--Fample logs of—test—holes - Continued

. Test hole T-4 (11.10.8.311) - Continued

Thickness Depth

Material
(feet) (feet)
Cub Mountain formation of Bodine (1956) - Continued
Clay, silty and sandy, light gray, some dark
gray shaley moderately CalCareous =eweemeww 35 180
Sandstone, very fine- to mediun-grained, very
silty, some clays moderately calcareousg =-- 10 190

Sand, very fine- to fine-grained, much silt and

clay, slightly calcareous; some dark gray

shale; very small amount of cogl ~wwwwwewww 30 220
Clay, sandy, light greenish-gray, very

811ghtly CALCATEOUS ==smmmmmmmmmmmmen~e———— 5 225

Sand, very fine- to coarse-grained, moderate

amount of gilt and clay, not calcareous =-- 5 2%

Clay and shale, sandy and silty gray, brown
and red scecmceccencacennennweoe- - o 2 e o TO 300




u.s. Geo\o%‘\cql S«Aruq,,\
Table 10.--Bample logs oftesthoies « Continued
A

Test hole T-5 (11.10.5.332)

Thickness Depth
Material
(feet) (feet)

Allecviam :
Luaberag ool

Sand, gravel, silt and clay, slightly to

VY'Y CALCAYEOUS wwwwmemmme o - e e e o 130 130

Cub Mountain formation of Bodine (1956):

Clay, very sandy, gray and reddish-brown,

moderately CalCAreoUs ==mewsvecmeccmcncnnme 10 140
Gravel, very fine- to coarse-grained, sandy,

Very clayey,

-\&biﬂlmch—ew, reddish-brown and gray,

slightly calcareous =e=e=e=- ———————— ————— 5 145
Clay, sandy, reddish-'brown/ and gray, very

8lightly CAlCAreoUs wweseemcomacmeccoamenes 4o 185
Clay, very sandy and silty, greay and

brownish-red, micaceous, slighily

CALCATEOUS =wmemm o s s 2 2 o o o 0 15 200

Shale, sandy, dark gray, moderately
calcareous ==ewe= - o - o e e - e 10 210

Clay, brownish-red and gray, sandy, silty, |
slightly calcareous =—eeveceee- - o o o e e U 225

Clay, sandy, medium gray, moderately

calcareous; shale, dark gray =e=ee---- coma- 230

A%

Shale, dark gray, not calcareous; and
reddish-brown clay, /very calcareow 25 255

(€/




n.s. Q(elocb\cu\ Su\Nh,
Table l\).--}iampj.e logs ef—vest—totes - Continued

Test hole T-5 (11.10.5.332) - Continued

Thickness Depth
Material
(feet) (feet)
Cub Mountain formation of Bodine (1956) - Continued
Sandstone, fine-~ to mediun~-grained, light
greenish-gray and gray, some hematitey
BLigHTLY CBLCAYEOUS =memmmemecomonmee——-———-— 5 260
Clay, sandy, marly, gray and reddish-brown;
dark gl‘&},/f:,ﬁnot calca.reouslshale( ----------- 55 295
Sandstone, very fine- 10 coarse-grained,white,
not calcareous; brownish-red Clay wwewewwew 5 00




A5N= Gee\ob‘\{kl Su\r\)eu)
Table lO.--Mle logs of—test-hetes - Continued
A

‘ Test hole T-6 (11.95.13.234)

Thickness Depth
(feet) (feet)

Material

Alluviarn

Sand, very fine- to very coarse~grained;

very calcareous silt and clay ~=we=recacea«s 20 20
Gravel, very fine- to fine-grained, very

fine~ to very coarse-grained sand, silt,

and clay ==sescsccccaans - o o e 10 0

Gravel, very fine- to medium-grained, -scwme-

sand and 8ilt ewwe=sasaneewes o o e 20 50
. Sand, very fine- to coarse-grained, silty,
moderate amount of clayy very calcareous -=- 10 60

Gravel, very [ine- to medium~zrained, with

smal/
coarse sand and o siishd amount of clay «-- 15 T

~Tertiary intrusive ox cxtruuivg rock :

Crystalline rock, partly granitic, partly
basaltic; possible {low materinl -w-ecew-=- 160 235

Crystalline rock, granitoid, and cream-
J

colored Clay ~=eeemrucccvnmmcrnmconnemenm——— 20 255
|
Cub Mountain formetion of Bodine (1956):
Clay, reddish-gray and green with small
amounts of calcite, quartz, pyrite, and
igneous 10CK ~eemmremmmc e ——————— 20 275
‘ Shale, silty, light green, waxey, calcareous,
V2o "
with seme- pyrite,and red shale ===sceswce=-- 10 205

Clay, slightly silty, red =w-eesecemccecccecan- 15 200




H.S: Qq,olog{t.«\ S\Af‘l(a
Table 10.--§ample logs ef—testi—holes - Continued

Test hole T-8 (11.9%.23.124)

/04

Thickness Depth
Material
(feot) (feet)
Allecvicerr ;
—Guaternaryi-
Soil, silty, tan to DIOWN ~me=smeccccacccccces 5 5
S1lt, brown to tan ==eeeeececcmcecceccocme—. 25 30
811t, brown to tan, with seme gravel ==-ew-=- 5 25
Silt, brown, with seme very coarse-grained
Cont3ins
sand and fine-grained gravel, HKlack
igneous particles =~ewewew e 0 0 e 10 5
Sand, fine- to coarse-grained, and smasll sub-
angular gravel ~=e=eeew o o e 0 o 0 e 10 5
Mesaverde group:
"/
Sand, [ greenish-gmy,‘/f-ine- to coarse-grained ,7
with some sub7axgular to well-rounded gravel;
t/mgment of selenite, and some flakes of
"vein £illing" «eeccccccnccnncncncncnennnn- 10 65
very dark gray
Shale,Agreeniah-bS:aek, with minute calcareous
VOINlets mecacmmncccnnc . ————————-———— 5 TO
8ilt, gray; very uniform grain-gize —--eewcwe-- 5 75
81lt, jgreyy|slightly sandy,j-=====se=esc-cm-s 10 85
sliaht sandsy, browmish ora
S1lt, MM -------- 10 95
811t, gray, with small angular black
v
fragnents (fissile sbale’x‘),’ _Fragment of
caleite at 100-105J Klack fragments
r;b’u;ﬂnt at 125-130 feet frwrmrmevemanmcaanas 4o 135




WS.GQGHQNA\ Sarvey
Table lO.--;:{;a.mple 10gs ef—sest—hetes - Continued

Test hole T-8 (11.93.23.124) ~ Continued

Thickness Depth

Materiel
(feet) (feet)
Mesaverde group - Continued
Shale, Wy, with black
PrOgNents weeemeommmmmonmn o ————————————— 5 140
Bilt, sandy, gray to tan ~-eecccccaccmcaccne- 5 145
Sand, very fine- to fine-gralned, cuﬁihngular
to roundeds some black fragments =weweeew-- 10 155
S11t, sandy gray -~=-==~===-- meem—————————— 5 160
Hock, igneous [ red ground:mas,‘/pmbably a
contact zongy)much calcite and mafic
--------------------------------- 5 165
8ilt, dark gray, with numerous fragments of

sulfate "vein £illing," Some black fraguents,

sbundent 180-190, Fandy below 175 feet === 25 190
81lt, very sandy, tan, with many fragments of

igneous(?) black to light gray rock. Some

pyrite(1) =-eeemmcceaneen srevemameeseeen—. - 5 195

Sand, silty, brown, with many black

fragments we=eevecveae. - o e o o o v -

8




U.s. 600\0‘1 ical Surve
Table 10. --—Sa::mle e-f-—%e-ez—-}ml-e& - Continued

Test hole 7-8 (11.92.23.124) - Continued

Thickness Depth
Material
(feet) (feet)

Mesaverde group - Continued
Sand, silty, greenish-gray, with many

black fragments; /Z/onsidcrable calcite

210-215 feet, 225-230 feet and 245-255

feet; @ome igneous fragments 225-270 feet,

/

and contact metamorphic minerals 245-250

60
feet wwemmcrcrcvncnnnncnccnncnnanncn. e e 260
very—pﬁr—br-amnﬁ-
Send, silty,1 den-gray, with many black
. fragments we-cecocemcewa e e e e e - 5 265
N
Bilt, sandy, brown, subfangular to rounded,
with considerable calcite =eccsmccccccanmans 15 280
8ilt, sandy, gray, with black fragments =----- 5 285
8ilt, dark gray, with considerable fine black
gravel «-wwe- - 1 e e 15 300
S5ilt, dark gray, with seme-black very
coarse~gralned sand -ew-=ee- - e e 10 310
quoalo-éwomr*
§ilt, “ter-gray, ’{Ltlv-aome—ﬁeéiw%-}—-m-)-
(.5 "™ t)
engular frogments of black rock, -Sité—
[8inly is gray 320-325 foet fem--wmecmmmcnn 20 330




LS Geo\oﬁico\l S arvey
Teble 10.-7}amp1e logs of—test-holes - Contimued

Test hole T-8 (11.9%.23.124) - Continued

Thickness :5epth

Material
(feet) (feet)
Mesaverde group - Cox;tinued

—very falebroowmrn—
8ilt, sem-gray, with large angular fragments

of black and red igneous rock, )mﬁch

celcite as coatings and "vein £illing" ~=-- 5 335
Sand, silty dark gray to tan, with large

angular fragments of porphyry, gray ground-

mass and black euhedral inclusions =-=e==w- 5 340
S1lt, gray ===ecemescccccnccccnmoseeeen——————- 5 345
8ilt, gray, with very fine-grained black

fragments; Mich calcite as "vein filling"

and cement from 375-380 feet ==mmmmcwcamaa 35 360
Sand, silty, gray to black, with considerable

calcite fragments ~cececccccmcmencnmeeannas 10 390
S1lt, sandy, greenish-gray, with many small

black fragments, some ANZULAY ===we—sceewe 10 40O
Sand, fine-grained, silty, gray ===s==s==eccem- 5 405
Sample Missing =e=—ccccccscccrmcrcnncreneene- 10 415
8ilt, sandy, gray, with fine-grained, black

fragments, some angUlAr =eeecemccecccoecnes 5 420
8ilt, sandy, tan ==eeemecseceeeccceeceeeoe——-- 10 430

BLIL, sandy, SNy ~rreriesvesssnacsserasurses 5 435




M-S.GQ°\°3\'WJ Survey
Table 10.--§ample logs ef—best—holes - Continued
A

Test hole T-8 (11.95.23.124) - Contimued

Thickness Depth
Material
(feet) (feet)
Mesaverde group - Continued
Basalt, or similar igneous rock, black, with
much calcite ~weeeeew= ————— mmm— e —— 10 Lhs
8ilt, tan-gray, with fine-grained black
fragments =eeeee- ————— ———— - 5 450
S1lt, tan-gray,/grith black fragments, -Seme
clay-eonteat, sample set hard, -Semewhat—
[tan cotored U65-4TO feet,-mmmmmmnmmmnnann - 25 W75
silt, sand.y,:tan, with black fragnents/j
—Somewhat |gray 490-495 feet.—L/---------------- 20 495
Silt, sandy, gray, with black fragments ~~=-- 5 500




Table ll.--Driller's logse of test holes in the Three Rivers area,

Otero and Lincoln Counties, N. Mex.

y o
Test holeAl (10.10.72.3%%)

/09

Drilling
Material Thickness - Depth time
(feet) (feet) Sitkion)
o B ————— 5 5 0
Gravel and boulders ~eeweceaccaeseneese- 5 10 90
Sand, gravel, and boulders =weeewemaeeu= 5 15 60
Send, gravel, and boulders. Very slow
Arilling =esemesccosmmeccen——————————— 2 17 60
Clay, blue, sand, and gravel. Vater at
17 feet, 5 gpm ~memmmvccccuncncencnaen 3 20 120
Clay, blue, sand, and gravel ~=e-weeeae- 5 25 120
Clay, blue, sand, and gravel ~eewe-seeeea 3 28 120
, Clay, blue, sand, and gravel =~eeeecacaa. 2 30 120
Clay, red, sand, and gravel ~-e-eeceeees 15 45 360
Clay, red, sand, and gravel. Hole caved \
in to 26 feet (between work days) =--- 3 L8 60
Clay, red, and sand. Clean:Jout hole (of
caved material) =eeeecemccacccasccacaa 12 £0 660
Clay, red. Lowered 1l2-inch casing to
shut off water and caving formation -- 15 75 360
Clay, red =eecweccmccmeccececccaccancanan 15 20 360
Sandetone, Eray ==~--veseccccccscscccnan 10 100 2ko




Table 1l.-~Driller's logs of test holes - Continued

‘ Test holg/\- 1 (10.10.32,334) - Continued
Thickness Depth Drilling
Muterisl (feet) (feet) time
minutes)
Shale, gray sandy. Solid formation; no
CRVING =m e oo oo o e o o o o0 o o 0 0 0 o 5 105 120
Shale, gray =eeec-scecscvccceccsesncneee- 5 110 €0
Shale, gray, SANJY ==weeeeveecccmccone~e 5 15 60
Sandstone, gray -~«eereescccansccecoas - 10 125 120
Sand, gray. Baller test. Water ~eve--« 10 Vs 105
Sandstone, gray =e=--reseecee - 5 140 50
Shale, Gray =e=esm-reemccnecenescnmee.n - 5 145 L5
‘ Shale, brown. Built up bit. Slow
drilling, sticking ===-=«-e - 10 155 135
Shale, red «=ee=me=mae-- - o e e o e e 10 165 100
Shale, gray =e=s-meemceceee ————————— 5 170 50
Sandstone, yellow. More vater ~wweceew- 5 175 100
Sandstone, brown. Stuck tools at 180
feet mmewmmrnmmcencc e ——— - 5 180 155
Sandstone, brown. Very harxd. Bullt up
bil mevmmmcncccrccncncena m—————————— 10 190 585
Sandstone, blue. Very hard drilling --- 5 195 180
Shale, blue. Softer, with gas showing - 5 200 150
Sandstone, yellow weeemww= o R S AR 4 26 2 205 180
Shale, blue, and sandstone. Built up
. bit crecncccncnn. ————————————— ————— S 210 195

10




Table ll.--Driller's logs of test holes - Continued

7=
Test holeAl (10.10.32.33k4) - Continued

Thickness Depth Urilling
Material (feet) (feet) time

(minutes)
Shale, brown ====me=emmee- - 5 215 180
Shale, brown, and sandstone ==-e=eeeeee- 5 220 180
Lime, blue. Heord drilling =e-eeecceac-- 5 225 150
Lime, blue. Bullt up bit ~ewecccwcecceea- 4 229 0
Lime(7), blue. Very hard -~eeeecceeaemw- 1 23%0 1680
Limestone, blue and gray. Softer «e=ee- 5 235 210
Shale, blue Eray ===-ssececemececcsemee- 5 2lo 210
Shale, gray =«ess-ecccccaccscnccnaneeeas 5 245 90
‘ Shale, gray,sandy. Bullt up bit weeew-- 5 250 90
Shale, gray, sandy =-meemmmm= SR 5 255 150
Shale, gray, BaNdy =—eeeecemeeee= - 5 260 5
Sandstone, gray. Bullt up bit ~=e-=ce-- 10 270 2%0
Sandstone, gray. Built up bit ~eveece-- 15 285 185
Sandstone and blue shale «w-swwccmwwmana. 5 290 il 6




Table 1ll.~-Driller's loges of test holes - Continued

7- g
Test hole 2 (11.10.6.333)

Thickness Depth Drilling
Meterial (feet) (feet) time
(minutes)
Soil, sandy «=ee-easeeescoas i s g0 wrees 5 5 35
Band and gravel L N - o o 10 15 60
Gravel and boulders =weme=mmsea— T 10 25 80
Sand and gravel. Water at about 40 feet.
About 15 gpm. More water at 50 feet - 30 55 150
Sand and gravel, with clay. Water level
3T Leet. commmmmnccununana - 24 75 100
Sand and gravel. Water level 37 feet «- 20 95 1L0
Sand, gravel, and Clay «ewewewcececwsanes 10 105 95
BHALE, DlUG =~emnssscscumeanscumassonnse 15 120 %05
Bandstone, Bray =weessswcccesccnsneceee- 5 125 50
SandBtone, EIray === mm—"—-—o"———— 5 130 60
Sandstone; Fray sw=eemmwe e mm oo - wo-—"——— 9 135 100
Sandstone, Eray =ee—-eeeecccomoeennene— 5 140 60
Sandetone, Gray «eewweesacacmenmnmonsmn. 5 145 75
Sandstone, gray. Water level 37 feet ~- 5 150 235
Sandstone, Eray -=-=se-esescccccccce-s wee 5 155 135
Sandstone, gray, and shale w-es-wecacm=- 10 165 195
Clay, blue, and shale ~~==ececccaca —— 10 175 255
Clay, blue, and gravel =eemesmcecccocee- 10 185 480
Clay and gravel. Hole caving when 200
feet deep ~wmcemumcmncacncnncdncncccnnn- 15 200 190




. Table 1ll.--Driller's logs of test holes - Continued

Test hole7A: 2 (11.10.6.333) = Continued

Thickness Depth Priliing
Vaterial (feet) (Leet) Eang

r (minutes)
Clay, blue, and shale ~=ewwweccccaew - 20 220 290
Sandrock, yellow mewecvwoccceamenewneeuns 5 225 15
Sandrock, gray. Water level 37 feet ==~ 25 250 205

Sandstone, gray, and shale., Water level

37 £eet mmmmmmnmm e . —————— 10 260 140
Shale, blue, @nd CLAY =====wm=emmesemen 40 200 435

113




Table ll.--Driller's logs of test holes -~ Continued

. Test holef}» (11.10.6.433)
Thickness Depth Drilling
Material (feet) (feet) time
(minutes)
Soil, sand, and gravel --=-eseseesmacae- 10 10 125
Lime rock, boulderg ==eeeeeeeececcemecsens 10 20 145
Sand and gravel ~ee-scmcccccceccccamen—-" 5 25 165
Sand and Gravel ~weeecceecemcesscceoon—- 5 30 80
Sand and gravel; caving ==eeececceecaoa- 10 Lo 260
Sand and gravel seesceccccccncnnnaneenn—" 10 50 150
Sand and gravel «eesccecsvcccnnconccnnes 5 55 125
Sand rock. Water at 58 feet ~wwvemcuwa- 10 65 g5
' Sand and gravel, mixed with clay ======- 20 85 235
Clay, red ==ese-cecccmccscceesaccanannn- 15(7) 100 130+
Sandstone, gray. Bailer test at 110 feet.
Built up bit wceemcccccccnccnsncncnnax 15 115 215
Clay, gray and yellow. Built up bit.
Water level Li feet ~wecercumccnceena- 20 135 205
Sandstone, gray. Slightly harder 150-155.
Built up bit ~eseccccmcmrrcccmccn - 30 165 290
Clay, red wewccecmrmccccamsmecnmcrnnneces 5 170 75
) Sandstone, gray -=--=s=e==-e-ses=m=e - 5 175 120
Sandstone, gray ==e==eeeecccceecesccean- 5 180 165
Sendstone, Gray =«~eeeeecmcmccnccecceese—- 5 185 70
5 190 115

‘ Sandstone 3 BYAY =emrmemmm -




Table 1ll.~-Driller's logs of test holes - Continued

7:
Test holeAB (11.10.6.433) - Continued

Thickness Depth Drilling
Material (feet) (feet) tine

(minutes)
Sandstone, gray. Water level Ll feet -~ 5 195 140
Shale, DlUuE ~wewmcmenwccnecaanmennaane—- 5 200 130
Sandstone, blue seewcnecccncacacweanncne 5 205 75
Sandstone, blue ~eeememmcccn - 4 e 5 210 170
Sandstone, blue. Bullt up bit «mecacaa- 5 215 240
Sand rock and red clay ~~~wemamcwaaneee- 5 220 330
Sand rock and red Clay ==aewa=m=aa - 5 225 Lo
Sand rock and red clay =weccscaccaananes 5 230 15
Sand rock and red Clay ~~eeeemccecccnao- 5 235 140
Sand rock and red clay ~e-eememcecceeone- 5 240 70
Clay, red GUODO wwwmmuememonmemeenon.—— 10 250 160
Clay, red gumbo ====waccecmuews - 5 255 140
Sandstone and clay ==eeecenecesnaconnnn-. 5 260 170
Shale and shale Clay ===emwsmmccameccemes 5 265 260

Shale and shale clay. Very gummy clay.

Water level Ui feet we-muccccccacncaen 5 270 340
Shale and shale Clay ~—ececaccccccccaons 5 275 135
Shale and shale clay. Bad mud rings

(causing bit to Jar). Built up bit -- 5 280 180
Shale, clay, and sendstone ~-we~=mevemw- 5 285 150
Sandstone, gray =---ecemmmcccncncconaenan 5 290 110
Sandstone, gray ==--eeeececceccccoccone- 5 295 285
Sandstone, gray. Hard drilling ~=-=-=-- 5 300 155

15




Table 1ll.--Driller's logs of test holes - Continued
Test holefh (11.10.8.311)

Thickness Depth Drriiing

M (feet)  (feet)  “ime
(minutes)

B01l =eeemcmccnr e n e ————— | 5 80

Gravel and small boulders =eeesceemeewees 5 10 80

Sand, yellow, and gravel. Water at 45-

60 feet wermmmeccmcracnccmnmcnccnan—— 40 50 290
Sand, yellow. Water level 34 feet.

Cased to 58 feet ~wwcwcccccecaccencnws 10 60 560
Shale, blue wweeccanccmccnnucnsncnnnnnnx 10 TO 200
Sandstone, yellow «=e=«- - o 2 - e o e 0 100 270
Sandstone, gray sweeeweeccoees - ————— 20 120 190
Shale, Drown =wcescmccnacanmemenmenn .- > 125 35
Shale, blue, hard. Water level 34 feet 15 140 160
Limestone, blue, hard ~-=esmecececncmccee= 10 150 425
Limestone, blue, hard ~ewweccwcmcuevcneea 5 155 130
Sandstone, gray, hard =-eceeceecceceaccecs S 160 210
Sandstone, Eray =weee—eemcomeenneoooe——-— 5 165 1%0
Bandstone, gray ==e=-eececcccemecccenene 15 180 170
Sandstone, gray ==--ee=seccesessmses - 5 185 120
Sandstone, gray =«eesscacece - o 0 8 190 90
Sandstone, gray =s==ee--=- SR —— 15 205 415
Sandstone, gray ==weseccccmccsccocaenens 10 215 120
Sandstone, gray. Hard. Water level

3 feet memevsnsccmcncccccamnnnnccnans 5 220 180




‘ Table 1l.--Driller's logs of test holes - Continued

7—_
Test holeAh (11.10.8.311) - Continued

Thickness Depth Drilling
i (feet) (feet) e

(mimutes)
Bandstone, gray -=-=s-see=esseeessscecsa- 5 225 125
Shale, blue «revmmnccncccnanvananenmnow. 5 230 115
Sandstone, gray ---=e---- mmmmm———————— 10 20 365
Shale, blue. Water level 34 feet ~==weo- 10 250 110
Shale, PUIPle ==eemccccccnceccnacnnnnn=- 5 255 L5
Shale, PUWIPLE =emeemcrncccccaenene ————— 15 270 265
Shale, PUrpPle =weeececcwcccccnconwnnesne- 5 275 120
. Limestone, gray, very hard seeeeseaeca-- 5 280 240
Shale, DlUE ===wemmccccccncececneensnen" 5 265 2%
Limestone, gray ==es=sccecerccsccccccaa 10 295 375
Shale, blue =rrcvcccccavcans - o e e e 5 0 25

/7




. Table ll.--Driller's logs of test holes - Continued

Test holejé (11.10.5.332)

Thickness Depth Drilling
Materisl (geet) (feet) time
(minutes)
B01] c-snvesenmuenemenasesssmeasne e 10 10 75
Clay, red, and gravel -ee-eccccsccccecan 20 20 170
Clay, red, and gravel weesmccesccccsmcee- 25 55 405
Clay, red, gravel, and smell boulders -- 20 5 415
Clay, red, sand, and gravel. Pirst water
at 82 feet evemmccccarercacccannenocan 10 85 150
Clay, light red, and gravel. Pozsibly
more wvater at 98 feet. Water level
‘ approximately 55 feet wwwwwmevonvoncecn 20 105 275
Clay, gray sandy, and gravel e-eecececce.. 5 110 50
Clay, gray sandy, and gravel =-eceesceee- 10 120 180
Clay, gray sandy, and gravel ~es~ceca-«- 3 135 210
Shale, purple ==-=ceemeeeeccecees m————— L5 180 4hs
Shale, gray ===eceeccecee= - 20 200 155
Shale, gray. Caving, and mud rings ---- 5 205 5
Shale, PUIPLE secccacsasarmscensanmamees 15 220 195
Shale, brown, hard =e-e-eee<eee SO 20 240 260
Shale, gray, sandy ====-v-sescsceseseee-- 35 275 420
Shale, brown hard ~e=-- - 0 om0 - e 25 200 250
&

//8




‘ Table ll.--Driller's logs of test holes - Continued
Test hole & (1L.9k.13.254)
Thickness Depth Drilling
Material (feet) (feet) time
(minutes)
S01lLl wecmcnnrrrnr e - 5 5 50
Clay and gravel. BSeep of water at 26
TOOt. cncnsnsnencnasmenmesnsreanssesass 25 30 365
Sand and gravel wme-~memccccecmcesmenee 5 35 165
Sand and gravel. Built up bit -e-eeme-- 10 L5 275
Sand and gravel. Ran casing to stop
caving. 8low drilling ~--eecscccccees 5 50 280
‘ Sand, gravel, and boulders =e~es-ecesee- 10 60 155
Sand, gravel, and boulders ~----eesece-- 5 65 160
Sand, gravel, and boulders. Reamed hole
and ran 12-inch casing ~--ececcncccaax 5 70 25
Solid rock. Bullt up bit ~~eecamccccea- 8 15 50
Lime rock. Bullt up bit ~ceeemcccnccce- 5 80 690
Solid rock. Very hard =----=eeeccemmme- 10 90 650
Solid rock. Little softer ~----emesemee 5 95 150
Solid rock. Built Up Dit ~eeeccecmcesn- 10 105 300
S0118 YOOK eatuoowemenmnnsununsnbmsnesen 5 110 140
501id rOCk =meeccemccmonceenes m——m————— 5 115 65
B0LIA YOGK cwoonvamamvnnmassmnavoiiesene 5 120 120
Solid rock. Weter level 16.7 feet w=-== 5 125 310
'l'. BOYAA: FOUK  bitmbsbun v m i s aomiais 5 130 185
BOL1A 00K wwesanncnscsmmcunssnossdnmnee 5 135 45




. Table ll.--Driller's logs of test holes -~ Continued

Test holg/:' 6 (11.934.13.234) - Continued

Thickness Depth 2> -iif@
Material (2eet) (feet) time
(minutes)

80114 YOCK ~=emmccccvacccceccceoeee————— 15 150 2h0
80114 YOCK mememcecmcecnenccnen——-o—— 5 155 180
8011d YOCK =mmemeccccmceemrescce———————— 5 160 2%
8011d rock m=mmmw=== ——— - 5 165 90
S01id 10CK e=mememmcmemes e ———————— 5 170 140
SOL1A YOCK =emmmmmsmmesmmn e 5 175 5
50114 1rock wemmmwmcocam- - — 10 185 290
S011d YOCK wewmmmcccemcecmanmma——————— 5 190 440
S0lid rock. Built up bit =eeemcccccaca- 2 192 650
80lid rock. Water level 16.6 feet ==ewa 3 195 105
S0lid rock with a little clay ~~ee~cee-- 5 200 90
80114 rock. Changed Dits —=we-memewewe=e 5 205 130
Solid rock ~wweww e 10 215 175
50114 YOCK weecemmcccccceccmannmeceannee 5 220 120
S011d rock wmwmmma- m————————— 10 2% 1%
Stone and Clay ~e-eemececcccccececcncee—— 30 260 25
Shale and clay. Water level 16.7T feet - %0 300 510




Table 1ll.--Driller's logs of test holes - Continued

Test hole7;7 (11.10.7.23ka)

Thickness Depth Drilling
Material (geet) (feet) time
(minutes)
B0ll «veccncnaa - 2 o e . 5 20
Gravel =swwecccncccoccnen e LT P 10 15 50
Gravel and Clay =eesmeccmceccconne - 10 25 75
Sand, gravel, and clay. Water at 37

LREL wrnvurmoenoness qmnmn s esenne - 15 %0 85
Sand and gravel. Water level 31.5 feet.

Ran 50 feet of casing =wewevecccacmens 35 75 425
Sand and Clay =-=~=-em=cemcecnee= SS—— 10 85 60
Clay =cmemcmcccomccrcn s ne - ————— 20 105 90
80114 GrOY FOCK cveesrwnecsseesssscneses 20 125 195
Sand and Clay ===sm=ee—- U ——— 15 140 70
GYPOUL e o oo o o e o 0 e 0 o o o e 5 145 45
Sand, clay, and GYPBU ==we=e==eewememnnae 20 165 95
Sand and Clay ===e==s== ————————————— 15 180 85
Shale, gray, and clay ==e==s=ssececccce- 25 205 225
Conglomerate and Clay =~wwseccccveaccens 20 225 235
801id gray rock =-e=em=ee O— 5 230 120
Shale, red. Ran bailer test ==-e-eeewa- 5 235 60
Clay, red,hard. Ran casing ==--==e=s=--e- 0 265 360
fhale, clay, and sand ~«s=eee-- - o o e e e % 270 T5
Stone, gray, and ghale =«eceecanccmenaes 15 285 230

[ 4




Teble 1l.--Driller's logs of test holes - Continued

7:
Test hole/\'( (11.10.7.234a) - Continued

Thickness Depth Drilling
Maboriel (feet) (feet) e
(minutes)
Shale, clay, and sandstone, gray =«=-~-- 10 295 155
Shale, clay, and sandstone, blue ==e~e-= 10 305 160
Sandstone, blug ~ewwomummcccncnmonesmnee 10 315 120
Shale, clay, and sandstong =—eeecsesccces 5 320 55
Shale and clay =we= - 0 0 0 20 o 0 oo i3 235 175
Clay and shale, red =-e-wmee-eecmcmeeea- 10 345 120
Shale, blue ~=wwa =t e e o 0 0 5 350 50
Sandstone, blug ~~~ecwcvccnces e e 5 355 120
Sandstone, gray. Water level 29.8 feet 25 380 450
Send, gray. Vater =«-eeee-- ————— - 5 335 90
Sendstone, gray ===«=sscsccecacens e p >0 0
Sand, gray, and shale ~w~weww=e- - 5 395 70
Shale, gray, and sand -~eeceececccccenne- 15 410 250
Shale and Clay ==eeesmcsesmcensnanonono 10 420 140
Grenite, green, hard ~=ve-= - o e e 5 425 %0
Granite, green, hard =-ecececcmvecmccann 5 430 600
Granite, green, hard «==awvee- e e————— 10 440 600
Sand, gray. Possible water ««-seewewew- 15 455 360
Sandstone, gray. Water level 28.4 feet 20 475 360
Clay,; Bray ~eescesmcucwacnsneessnnosne-s 10 L85 120
Shale and clay. Water level 25 feet.
'. Baller test at 490 feet ~eweveccucecca- 15 500 270
{2e




. Table ll.~--Driller's logs of test holes - Continued
7= ,
Test holeAB (11.95.23.12%)

Thickness Depth Drilling
Material ( feet) ( feet) time
(minutes)
BOLY  cisonir e morinsmes mqmescs s s ot soamst s remsisi o oo 5 5 20
Soil and ANl eeecmecmcccccomean e ————— 5 10 30
Band, ===== ————————————— m—— 5 15 40
Sand and gravel. Caving a little at 30
feet. A little wvater. Vater level k2
O —— IR, E— 30 45 235
Sand. Caving at 45 feet —eemceccmcacaca 15 60 210
' Rock, solid,gray. Slow drilling ------- 5 65 120
Rock, 80lid, gray ~=e=s=eseccemccmoana - 5 T0 160
Rock, solid) gray. Water level 29.8
L T HC—— e it 5 75 200
Rock, solid, gray (and red?). Water level
29.8 feet ~=wvcweu- —————— ————— R 10 85 210
Rock, solid, red. Water level 29.8
T —— ER— R - 15 100 295
Rock, s0lid, Dlue =emmececccmmenes —————— 5 105 180
Rock, solid, blue. Water level 29.8
feet ~=meve- emm——————— ———————— - 35 140 540
Rock, 80lid, Dlue =errecccceneccneas - 5 145 120
Clay, gray. Made mud rings. Water level
‘ 29.8 feet ~=--n-s —emm——e—————— —m————— 20 165 355




Table ll.--Driller's logs of test holes - Continued

. Test holeZ:B (11.9%.23.124) - Contimued
Thickness Dapth Drilling
Material (feet) (feet) tinme
(minutes)
Clay, gray, and rock. No mud rings «--- 5 170 50
Rock, gray s=eseweccmccccccccmcncenmeens 25 195 370
Rock, gray. Water level 29.8 feet wwww- 35 2% 640+
Volcano rock, gray. Water level 29.8
feet. Blow Arilling ~-eeecaccecccee~- 5 235 180
Volcano 1rock, Bray ==eeseeeeceenawesmene 5 240 90
Volcano rock, gray. B8low drilling =eew-e 10 250 240
Volcano rock, gray(?). WVater level 26.3
W S — 20 270 .
Rock and clay. Water level 26.3 feet -- 25 295 1,125
BOE SO ULRY wridnmnmirainiwnbirese s 10 305 240
Volcano 1rock weescecavccnccnvan ettt 5 310 195
Conglomerate ==-wemwcenccncenn= - e 5 315 105
Conglomerate =w=evecnmeoecme= ———————— 45 360 -
Conglomerate. Slow drilling. Water
level 25.7 feel ~wremevcaccccacncenna - 10 370 290
CONGLOMErAte ~wemwecammmmnnnneen—onnnmn.-- 5 375 85
Conglomerate. Water level 25.7 feet --- 10 385 95
No record dAuring trouble with lost tools
and bailer. Cased hole to 385 feet -- 35 420 -




Table ll.~--Driller's logs of test holes ~ Continued

e ¢
Test 'noleAB (11.95.23.124) - Continued

Thickness Depth Prilling
Material (feet) (feet) tine
(minutes)
Volcano rock, gray. Water level 25.8
g m————————————— 5 425 180
Volcano 1rock, Sroy weeewsweccceswonoocoee- 15 Lo 20
Rock, red, and Clay =—wececcmccccaccenes 15 455 120
Volcano 1ock, Sray weesesscecscccosceses 5 460 165
Voleano 10CK, GIray ==eemmeseassceseeeses 5 465 270
Voleano rock, gray =eeee—eescccaccoomens 5 470 120
ROCK =erecumecvmrancccncancneoasnnoce cm——— 10 480 280
ROCK =ccusonseconmvensansennennmesneses 5 435 %0
Rock, red, and Clay ~eweesccercacecceac= 5 490 120
Volcano rock, gray. Water level 26.3
feet. Rock very hard ~ececceccccacoccaa 10 500 -




Water Resources of the Three Rivers Area,
Otero and Lincoln Counties, New Mexico
By

James W. Hood and E. H. Herrick

Figures 1-23
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Figure 17.--Hydrograph of the Foley test hole (11.10.7.234), 195660, Three Rivers area, Otero County, N. Mex.
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