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GROUND-WATER RESOURCES AND RELATED GEOLOGY IN TEE VICINITY OF 
HOLLOMAN AIR FORCE BASE, ~RO COUNTY, NEW MEXICO 

By -: 
. . :. . . :- : . . ' .. : :(. :. . 

· · .. :.James W •. Hood 
- ..... · 

. ABSTRACT 

This report describes the geoiogy.and ground-water resources in an 
area of about 320 square miles in the vicinity of Holloman Air Force Base 
in the northwest-central part of Otero County,. N. Mex. A detail~d study 
was made of the· occurrenc~:·· of ~round water in the bolson fill, the prin­
cipal aquifer in the_ ~ea~ ·in the vicinity of the Boles well f~eld. 

Holloman Air force Base is near the east edge of the Tularosa Basin 
and near the west edge of the adjoining Sacramento Mountains which rise 
to a height of about 5,500 feet above the basin. The average annual pre~ 
cipitation amounts to about 10 inches in the vicinity of the airqase and · 
increases with altitude to about 25 inches at Cloudcroft in the nearby 
mountains. The annual average temperature is about 61 degrees in the 
vicinity of the airbase. 

Within the area studied, the unconsolidated bolson fill of Cenozoic 
age is of greater importance to the occurrence of water than the consoli­
dated rocks of.Paleozoic and Precambrian(?) age in the adjacent mountain 
escarpment. The bolson fill .is the ma·jor aquifer in the area. Some of 
the consolidated rocks adjacent to the fill are :important aquifers, but 
for the most part they are impermeable .and serve only as sources of the 
erosional debris making up the bolson fill. 

The total thickness of the bolson fill varies from place to place,· 
depending on the configuration of the undeflying bedrock surfaceo Al­
though the thickness of the bolson fill probably exceeds 1,009 feet in 
the Boles well_-field area, test drilling has r~vealed that only the f~rst 

·. 200 to 300 feet of fill below the land surface is stifficiently.permeable 
t.o yield water to wells. The fill in this intervai is composed of grains 
r~nging in size'from clay to bbulders, and the deeper fill is composed of 
much finer-grained deposits. The fill as a whole ·grades from a chaotic . 
mixture of all grain ·sizes near the Sacramento Mountains-through better­
sorted deposits in the Boles well field to fine~grained deposits' of clay, 
silt,. and evaporites beneath the plain west of the well field •. 

Most of the surface water issuing fro~· consolidated rocks ~n the 
~duntains·has been appropriated for municipal and agricultural use. Con­
solidated rocks ·underiyihg the bolson fill, in.the vicinity of Hblloman 
Air Force Base possibly can yield ~ter,.but the water is too highly 
mineralized for any preqent use. 
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• 
Beds_ of _silt:, sand, and gr~vel'-~·in Ytbe .bols9n··fill· yi~ld wat~r to -_fJ 

wells ·.in a.inou~~-·s·. :~~n_gi~'S;"l~om' a few ·gaiton:s· 'per:. n1inute. to:·oyer' 500 gpm. 

• 

• 

The water is storeq.' :i.n 'the-· fiii' 'under"' bc)th. artesian .. (qonflne'd) and water-
' table (unconfined) 'conditions. Depths to ·.water .range from more than 200 
feet below land su~face near the mountains to only a few feet below land 
sUrface in the area of the.White'Sands·National MOnUment.· The water table· 
slopes' in.approximately the same direction as the. land su~face·, tb~rd. the 
southwest. · 

. . .. . : . . . \,.. . ~· 

Recharge to the fill occurs principally in a strip of permeable surface 
deposits along· the Sacramento' Mountain front. ·'The principal source ·or the 
recharge is floodflow from the mountain. canyons, and recharge to· the potable­
water· body of the Boles.field originates in canyons between Alamo and San 
A~dres·canyons., T~e potable-wate~·recharge is ~bout 700·acre-feet or ~ore 
per year ... The fndicated rate of re·charge ls 5 to 10 percent of the pre~· 
cipttation on the mountain watersheds . 

. . . · \.·. ,·,: . . ... ... .. . 

The principal means of discharge of ground· water· in the area is by 
p~p~ng. ·;·There is little transpiration ·o~ .evaporation, and ground .water.· 
not pumped· inoves down gradient, southwestward, and out.ofthe .area .. About' 
1301 000 acre-feet of fresh water, containing 300. ppm of sulfate or les~s,. is 
available to ptimps, but not all the water could be pumped out before s~line 
water would enter· the pumped area. · ··::.:. . · 

. Both the per· capita· consumption and the total use of water· at Holloman 
Air Force Base are increasing.· As· a result ·or increased use, the· Boles: 
we~i field is now the· pri~cipal source of water supply and will have.to be 
pumped at· greater rates· in the future until the Bonito Lake pipeline is put 
into·use. From 1947 through 1955 the ·Well field produced about 1,018 million 
gallons of which about·60 percent was produced during the past 3 years. 

Wa~er-level and pumpage records show that ground water is being removed 
from storage by. pumping in the Boles well field,· and that, as a result the 
wate~· table is· declining. : The· maximum· ·declines are in the vicinity of the 
older part of the well field in sees. 18 and 191 T; 17 S.; R. 10 E. Com­
parison ·of r~cords shows that the. maximum decline from 1947 to 1955.was· 
probably in the ·order of ·20 fe~t and that ·declines extend out to a distance 
of severa;t miles . ' - ' . .. . 

Ground water in ~he vicinity of Holloman Air Force Base obtains most 
of its mineral content ·fr9m the bolson fill through which it moves.· The 
principal reason for the occurrence ·Of potable water in the Boles area is 
that the fill beneath the area contains relatively. small amounts· of evaporites.· 
The potability of the ground water in the Boles area can be judged by its 
sulfate content alone, be.cause wherever the water is .. potable with respect. to 
sulfate, the water is also potable with·respect -to· chloride· and dissolved ' 
solids. The mineral· content of the water ·increases rather consistently west-­
ward across the well field and cont~ins from 200 to about.650·ppm.of sulfate . 

. ... : . 
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About 10 square mile·s in the ·vfcinity of the Boles well field contains 
water having a sulfate content of 300 ppm or.less. Another potable -water 
area, 12 miles south of the Boles well field, may ext.end over as much as 

. 20 square miles . · · - · -· · · ·· · 
., . . . ··:. : .. , ·, 

Saline water in the well-field area is stored both on the north and 
west sides of the potable.:.water area and in a thin shallow zone which over­
lies the potable-water .sands in part of the potable-water area. The latter 
source is ~ffecting the quality of the water from Boles wells 10 and 14. 

The bolson fill beneath the well_field is not uniformly permeable. 
The permeability becomes greater westward from the mountains~ The aquifer 
in the eastern part of the well field contains· water under artesian pres­
sure_, whereas water-table.:'·condi tions prevail in the western part. A hy­
draulic boundary probably .representing a zone of low permeability trends ·­
northward through. the middle of the well field. The specific yield of the 
bolson-fill aquifer in the well field is estimated to be about 8 percent. 

Drawdown in the center of the well field may range from about 20 to 
30 feet in 5 years to about 30 to 50 feet in 20 years, depending on the 
rate of pumpage from existing wells ... -The edge of the cone of depression 
could extend as far as 3 miles west of the well field in 5 years to as 
·much as 7 miles in 20 years, and drawdowns of significant magnitude could. 
occur from 1 mile or more west of the well ~ield in 5 years to 3 miles or 
more in 20 years • 

Pumping in the well field will eyentually create a water-table slope 
toward the well field from the west and northwest. A slope from the north 
toward the well field already exists. The slope will create a movement of 
saline water toward the well field, and in time ·the saline water will pene­
trate into the well field. As pumping continues, downward movement of 
saline water from the shallow zone will continue. 

In order to minimize the effects of pumping on the movement of saline 
water,-. it would be desirable to locate future wells southeast of the pres­
ent well field. A spacing of 1~000 feet or more would prevent excessive 
mutual interference between wells. 

·Artificial recharge is one means of lessening the effect of pumping 
on the movement of saline water. Surplus water from Bonito Lake, if any, 
could be injected into the aquifer through the existing Boles well. Under 
present conditions, the wells probably could accept a total of about 1 
million gal~ons per day for a period of 2 to 3 months before overflowing. 

The chemical treatment of both old and new wells in the well field 
appears to aid in rehabilitation or devel9pment of wells. 

Most wells in the Boles well field have ~een drilled by the cable-tool 
·m~thod and screened with torc~-cut perforations of various sizes. Sand 
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pumping is.one of.the principal problems in the well field! The .sand 
prqbably 0 c_an ,be .. controlled .. in ... cas'ed. wells, by using adequate number~ of 
perforations of .th~. proper_ size .... A. grayei-walled well,; constructed care-
fully, .with proper attention to· .. perforati-ons and gravel ·sizes,. doub_tle·s~ . 

0 0 f. 0 

would be free of sand. Adequate development must be performed for either 
cable-tool or rotary-drilled wells. Electrical logging is desirable as 
an impo:rt.ant aid. in eval~a~ing the .. probabfli ty of ob.taining a producing 
well. · . . .. .. ... - · 
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.... Holloman .. Air F.orce .Base is .in the Tularosa Basin, in the northwest­
.centra.l. .part. of Otero Count.y, No. Mexa.,. about -7 miles southwest of' Alamo­
gordb~ The .. base .·proper occupies .. about 9 .. square· miles in the northeast 
.quarter of T. 17 S. , R. · 8 E. Addi ti.onal land extending northward fro~ 
the base· proper is occupied by .testing facilities. . . . . 

. ' 

. . .As. shown in .figure 1 , the base and the town of Alamogordo are se~ved 
by U. S. Highways 54 and 70 and the Southern Pacific Railroad. 

·:. · Holloman Air Force Base was originally established during World War 
II. as an Army Air Corps tra_ining base, and the population was greatly re­
duced after the cessation of _hostilitie~. When the base was reorganized 
and· began to assume. increa.singly greater importance as a research ··center, 
the population began to increase more or less continuously. Exact.figures 

.for the population of the base were not obtained during the ground-water 
investigation of the area; however, it is. known that the population was at 
least 3;500 in 1950 and was in excess of 4,500 at the beginning of 1955 • 

. Alamogordo plays an important part i.n . the _operation of the. base. The_ 
·town is the county seat of Otero County and is the. only town of _appreci~ble 
size within 50 to 75 miles of the base. Alamogordo, together with the. · 
villages of La Luz, Tularosa, and a few .smaller·· communities in the Sacra­
mento Mountains, provides housing for personnel fr.om both Holloman Air 
Force Base and White Sands Proving Ground, about 50 miles to the soutnwest. 
~ng mainly to the expansion of operations at these two research centers, 
the population of Alamogordo has grown rapidly since 1950. The. population 

·of Alamogordo was 3,950 in 1940 and 6,767 in 1950 according to the census. 
Estimates based on the annual school census and water consumption_in the . 
town· show that the population was about 8,000 in 1952_,. 9,000 in 1953,. and · 
in excess of 12,000 in 1955. The town is a retail~trade center for the 
area and is a transportation terminal f~r rail and motor freight. 

Purp.ose, Scope, and Area of the Investigation 

Holloman Air Force Base presently is principally a research center 
under the Air Research and Development Command of the u. S. Air Force. 
During World War II it was used as a training base and used _a. relatiyely 
small amount of water which was obtained from Alamogordo. The town of 
Alamogordo obtained its principal supply of water from groups of springs 
arising along the west side of the Sacramento Mountains. In the several 
years immediately before Alamogordo agreed to supply wa~er to the base, 
abnormally large amounts.of precipitation caused the spring flow to in­
crease, and the town had an excess of water which could be sold to the 
base. However, during the period 1943.to 195,, ·the_discharge of the 

:springs ·and supplies of surface water were declining. Conversely, pop­
ulation was increasing, owing mainly to the expansion of research 
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•. facilities ... at the. base .. since-.1946., : .. and. :water._ .demands were increasing. For 
. tb.ese ... r.easons -tPe-: .. town .could .not .. always .supply. .. maximtun .demands for water 
~ .to the,base.in the summer months, and several ·water shortages occurred at 

the . base a.f~er 1945. · · ·· · · . . 
:' ·: .. '. ·: 

After potable ground wat·er ·.was .disco~~red .in 1947 by Mr ~. L. C • Bol~s 
as the. ·result .of drilling an irrigation. well, his :Property ·was leased by 
the .u •.. S. Air Force, .and the gro~nd· water was. developed as a sup;plementary' 

... supply .... As the population of both town and ba!?e grew rapidly. af.ter 1950, 
· .. the .. base .came to .depend on the well .field. as the principal supply and on 

.. water .. from the town as .a supplemental supply. By ·1953 it had become readily 
.. apparent that the town .could supply apprecia?le quantities of water to the 

base only.during the winter months. The well field, located about 5 miles 
sou~h of ·Alamogordo,has become kn~wn as the.Boles well field • 

. ' 

In 1953, little was known concerning the. extent of· the potable .ground 
water stored in the Boles area, although it was known that saline water·.· 
was to be· found a short distance west of the well fieldo Moreover, i~ 
view·of the necessity of using the well field. as a principal source of water, 
it. was-disturbing that so many of the wells had very lo~ yields. Of 33 
wells drilled by the end.of 19531 only 12 had been used or could be used 
a~ production wells. Of. the 12 wells 3 had ·been abandoned owing to casing 
failures, and the remaining wells were heavily pumped to meet water require­
ments in the summer.months at the base. It was feared that the proximity 

• of saline ·or brackish water to a center of heavy pumping might lead to 
chemical contamination of the supply wells. 

• 

Therefore, in the fall of 1953, the Geological Survey was requested 
by the Albuquerque District, U. S'. Army, Corps of Engineers,· to evaluate 
the ground-water resources of the .Holloman area. Following a. subsequent 
agreement .between the Geological Survey and the Corps of Engineers, an 
investigation of the geology and ground-water resources in the vicinity 
of Holloman Air Force Base· was started actively in March 1954. 

The investigation had the following .main obje~tives; not all of. which 
could be met fully: . 

. . 
·1. · To determine the amount of potable ground wate.r available to 

pumps at the Bo~es well field and the amount of ground water that can be. 
pumped ·.safely W1 thout danger of causing migration of poor-qual! ty water 
from the west to ·the well field, 

2. To determine the d~stri.bution of permeable sands in.:the bolson 
fill in o_rder ~o locate ~dditional well sites, 

3. To det~~ine the optimum spacing o~ wells in the area, 
4. To determine the possibility of obtaining potable water at depth · 

in the vi~inity'of the base itself, and . 
5· To detef.mine if yields of some of the present weils coUld be in• 

creased by·additional developm~nt with the he;Lp of chem~~als or other means. 
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After field work had.been completed and the writing of this report had 

commenced, it was learned that water from Bonito Lake would be made available 
to ·the town. of Alamogordo and to Holloman Air Force Base. Inasmuch as such 
additional water supplies will have a direct effect on the operation of the 

·Boles well field, some data pertaining to water from the lake are included 
... here~n, and a possible use .for surplus water from the lake is suggested. 

In order to meet the objectives of the investigation, the field work 
upon which this report is based covered an area of 320 square mileso Figure 1 
and plate 1 delineate the area which was covered in reconnaissance. The area 
extends from the center of White·Sands National ·Monument in R. 7 E. eastward. 
to the west edge of the Sacramento Mountains in R. 10 E •. 1 and from the north 
edge of To 16 S., north of Alamogordo 1 southward to the s.outh edge of T. 19 S., 

· ··south of Valmont siding o.n the Southern Pacific Railroad.· The area of inten­
sive study, about 44-. s.quare miles in the vicinity of· the Boles well field,· is 
shown in plate 2 and includes ~arts of To 17 s., Rs •. 9 and 10 E6 

Previous Investigations 

Although numerous scientific investigators have visited the Tularosa 
Basin, few have studied the occurrence of.ground water~ The principal source 
of information on the occurrence of ground ~ter in the Tularosa Basin is 
the report by Meinzer and Hare (1915). Their areal coverage was relatively 
complete, and although subsequent studies·have revealed minor local differences 
in ground-water co,nditions1 their appraisal of ground-water conditions in the 
Tularosa Basin probably is essentially accurate. 

Sayre and Livingston (1945), working in tne Hueco Bolson to the south, 
provided information concerning the southern edge of the Tularosa Basin and 
the Tularosa-Hueco depression as a wholeo · 

l A ·.c~ntinui~g general investigation of a part of the Tularosa Basin by 
the Geoiogical S~rvey in cooperation with the office of the State Engineer of 
New Mexico (State Engineer, 1926-32) has been carried on for a number of years 
and the investigation has provided some data of historical significance with 
regard to ground.water in the Holloman area. 

In the vicinity of Holloman Air Force Base, Theis (1942,.1945) and 
Murray (1947) studied the possibilities of ground-water development for the 
base and for the town of Alamogordo. · · 

.. 

The occurrence of ground water in the Alamogordo-Tularosa area with~ 
reference to agricultural uses has been discussed by Meeks (1950). 

Although many investigators have published geologic data concerning 
the Tularosa Basin and the adjacent mountainous ar~as, the most pertinent 
study with regard to the area discussed herein is that by Pray (1952, ~954) 
whos~ thorough work along the. Sacramento Mountain escarpment has clarified 
.the interpretation of the geology of much of the area. 
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•••• .. : ..... A .. hr.ief reco~ai.ssance.·· was .~d~ .. of .. the ... area ·~how in plate 1 dur,ing 

. Methods of Investigation. 

.. tbe .inv.est.J.gation. of the .Holloman .area~ .. Many .of the. wells in the area 
... :w:er.e .. inventoried. and. ... water .. samples were .taken from .some .of the wells • 

.Preliminary . .data .fr.om the .. r.ecoilnai ssance ... indi-cated t~ t ~thin. the .320 

.square ,.miles shown on. plate .1.; . potable · . .ground. wate·r·. was. confined :princ~pally 
. to.. the .. vicini.ty .. of the. Bol~.s .well :field, .. .a ,.r.ela ti vely. narrow belt. of land 

. ,,al.ang the.· base .. of the ... mountains.,. .. and .. an . .area of undetermined extent about 
12 miles ... south of the Boles well .field in T. 19 S., R. 10 Eo An area of 

. about. 44. square' miles .centering around the. Boles well field ·(pl. 2) ap-
. pear.ed to be the most promising in the vicinity of the air base for the 
development of .additional ground-water supplies. For that reason, and 
becau..se .i.t .was .'desirable to gain additional information· about the existing 
.wells .in the -well field,. detaii'e'd ... study was confined principally ·to this 
smaller area. All wells and springs in the smaller area were inventoried, 
and water samples for chemical analysis were taken wherever possible·. 

Geologic studies during· the investigation were restricted mainly to 
the interpretation of subsurface co~ditions in the bolson-fill. aquifer, . 
as determined from the logs of wells and other data. The general ge9logy 
of the Tularosa Basin and the adjoining Sacramento Mountains is described 
in-.. severa.J.: .. ·reports·r ·;ther.efore . .,··.in .. this report the discussion of the geology 

.. :of '"those· ·areas i·s taken largely from the work of others. 
. ' 

•
. · · . The depth to and altitude of the water table in the area were deter­

mined. Controlled pumping tests in the Boles well field to determine th~ 
hydraulic characteristics of the water-bearing formation throughout the 

l · ·well field were conducted in January, February, and· March, 1955, A pro-

• 

gram of water-level measurements in observation ~ells was startea in· order 
to observe both the long-term and short-term effects of pumping. Records 
of pumpage and water levels were assembled in order to further the s~udy 
of pumping e.ffects. The climate of the area was studied in order to. gain •. 
an understand.ing of the probable amount of recharge and the areas 'in which 
recharge water originated. · 

Preliminary consideration.of required field work, before even the 
reconnaissance ·.inventory was. made 1 indicated that an evaluation of the 
ground-water conditions in the vicinity of the Boles well field would 

. require ·a number of test holes. \The test holes were necessary be'cau~e, 
first, available data from the Boles wells were inadequate or lackin~, 
and second, the wells from which information was available were conc~n­
trated i~ a relatively small areao 

~e number of test holes drilled was limited to 10 by the available 
fUnds. In order to obtain the maximum amount 6f information from the· 
t~st holes, a. f~exible program Was evolved ~herein the 10 test hbles~might. 
be drilled at ahy. of 22 ~lternate.locationso The alternate loc~tions were· 
chosen on the bhsis of, (1). indications that the individual loc~tion:might 
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be .. underlain by .potable .. water, ... or. (2) .lack .. of .data at the .individuai loca­
tion,. and ( 3) ease of .. acce.s.S .. to the. indi:v:id.ual .. locati.on .for . drilling pur­

__ .p.oses •. The· .. pattern ·.of .. the:.;alternate· ... locations .. :was .. .a .modified. statisticai 
. envelopment . of the .. existing . .-well. field. · . Pr.Ovision ... was made in the program 
i'<;>r .drilling each test hole- at .. a location.·_.to be determined by the results 
.from.the preceding tes~ holes, thus giving an initial low and a final high 

· . accuracy of choice • · . . · · 

. -.. Samples of -the bolson fill were. obtained. at intervals of 10 feet or 
less .during the .. drilling .of each of the. 10 test holes.. The. sampl~s were 
examined and described· with regard to _rock-type, mineral content, physical 
characteristics, and color. The samples were mechanically sieved in the 
hydrologic laboratory of the Geological Survey at Denver, Colo. 

Each test hole was ldgg~.d electri-cally. The electrical logs consisted 
of several curves showing the. spontaneous potential and the resistivity of 
the_ ~trata encountered by the drill. The electrical logs in conjunction 
with other drilling data may be used to identify rock-types such as clays 
or_shales, sands, limestones, etc., and·to evaluate roughly the mineral 
content of water in the p~rmeable zones. Charts showing electrical logs 
from each test hole are included in the appendix of this report. 

During the drilling of each test hole a .record was kept of the time 
required to drill each 5-foot interval of depth in the well. Drilling­
time logs· for the 10· test holes are individually plotted on the respective 
microlog charts in the appendix • 

In. order to obtain data pertaining to vertical variation in quality 
of water in the bolson fill, two water samples were obtained from each 
test hole. The shailower of the two samples was obtained by bailing·the 
mud·from the hole until clear water was obtained. The deeper sample, 
usually obtained first in order of sampling, was obtained by isolating the 
deeper sands from the upper part of the well by the. use of a packer and· 
pumping by the air-lift method. The water samples were analyzed by the 
Quality of Water laboratory-of the Geological Survey at Albu~uerque, N.Mex • 

. The drilling of the 10 test holes permitted the determination of the 
. depth to water at locations where no existing well could be mea·sured. This 
.addit~onal control contributed measurably to the accuracy of the water-table 
contour maps. 

I~ the program of test drilling, provision was made for casing and 
test pumping of one test hole. The hole chosen, test hole 7 (1(~9.25.324), 
~s in the most promising area on the basis of high permeability and satis­
factory chemical quality of water. The results of the: test are given. in · 
the section on hydrologic characteristics of the bolsoh fill. 

The.basic d~ta gathered durihg the investigations in the vicinity of 
Holloman Air Force Base are given. in tables 11 through 24 and ih the 
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appendix . of' .this. re:P~rt... Some of the. data,. pa.rti.cularly same of' the chemi­
.cal analyses of water from .the .. Boles .. :wells, .wer.e. not used for interpreting 
ground.;.,water con~.~~ons. i-n th~ area· ~u~ .are. ~n~luded as a matter.~~ record. 

·· .... Tapograph.:i..c. maps ·of-: the . .Holloma.n.·.area;··prepared by_ -the· .Ai:rrry. Map Service. 
{scaJ.e 1: .. 25,0.00.), :were utilized for·the' investigation and from them tbe . 

. various maps shown .in this report were prepared o 

... C.ontinuous field work. :was: terminated in· April 1955; however, additional 
d.at:a are.' be~ng collected as .. the.y become available . 

. ; .. 

well-Numbering System 

.']he .system .. of·numbering well~. used in this report is that .used by.the 
Geological Survey in New Mexico and .is based on the common subdivisions 
in sectionized lando By means. of .. it the well number, in addition to de­
signating the well, locates its position to the. nearest 10-acre tract in 
the land net. The number is divided by periods into four segments~ The 
first segment. denotes ·the township south of the New Mexico base line; the 
second denotes the range east of the New Mexico principal meridian; and 
the third denotes the ·section o 

The fourth s·egment of the number, which consist~ of three ,d;i.gits, 
denotes the particular 10-acre tract in which the well is situated. For 
this purpose,; the sect.ion is divided into four quarters, numbered 1, 2,· . 

~3, and 4, in the normal reading order, for the northwest, northeast, south­
~st, and southeast quarters, respectively. The first digit of the .fourth 

segment gives the quarter section, which is a tract of 160 acres. Similarly,· 
the quarter section is divided into four 40-acre tracts numbered in.the same 
manner, and the second digit ;denotes the 4o~acre tract. Finally, the 40-acre 
tract is divided i.nto four 10-acre tracts,.and the third digit d~notes the 
10-acre tracto' Thus, well l7o9.24o342 at the Boles well field is iri the 
NE-ksEksw-k sec • .24, To 17 S . , R o 9 Eo , as shown. in figure 2 o If a well can~ ..... 
not be locate~ accurately within a 10-acre. tract, a zero is used. as the 
third digit, and if it cannot be located accurately within a 40-acre tract, 
zeros are used· for both. the second and third digits. If the well cannot. be· 
located more closely than the section, the fourth segment of the well number · 
.is omi~tedo When .it becomes possible to locate more accurately a well, in, I 

whose nUmber zeros have been used, the· proper digit or digits are substituted~ 
for the zeros. Letters a,b,c 1 o .. are added to the last segment t~ designate 
the sec~nd, third, fourth, and succeeding ~ll~.in the same 10-acre tract. 

Approximately 35 ·wells and test holes · ·"Were drilied. in the Boles well 
·field from 1947 ~hrough 1955. As drilling progressed, each wel~ was as­
signed a number by Air Installat.ions Office personnel at the well fieldo 

·Through 1952, :the·wells were nUm.bered in.the 'order drilledo In 1953, 
however, .the tate of exploratory drilling increased~ and as a result the 
sever~l agencies and persons involved assigned various numbers to the 15 
wells and test holes drilled in 1953. In 1955 two additional production 
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Well 17·.9.24.342 

Fjgure 2. _...;.System of ·numbering w-ells In New Mexi"co 
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Location 

17.19.19.121 
19.123 
1.8.424 
19.21~ 
19.144 
1.8.433 
19.132 
18.343 
l8~424a 
19,12la 
19.12lb 
19.122 
19.112 
19.142 
19.141 

17.9.25.222 
25~213 

17.lO.lB.424b 

. . 
Table 1.--cROSS .IRIEX OF Ht:MB&RS OF WELlS IH BOLES WELL FIELD 

Hollciaan Air Force Base, Otero County, H. Mex. 

Well DO. Corps of·2/ 
Dste 1D order Boles AIO Number Eng. Ro. ·. Remarks 

drilled drilled DO. Map!, Rotes y Notes Maps 
May 47 1 1 - - - - Abandoned 
Aug 47 2 2 - - - - In use 
Feb 48 3 3 - - - - Test well 
Mar48 4 '4 - - .. - Test well 
May 48 5 5 - - - - In use 
JU!le 48 1 6 6 - - . - - Test well 
July 48 1 .1 - - - - Test well 
Aug 48 8 8 

. 
Test vell - .-. - -

Oct 48 9 9 - - .. - Test vell 
Nov 48 10 10 - -. - - In use 
Dec48 ll ... ll - - - - Test well 
Feb 50 ~ .·12 - - - - Test well 
Mar 50 13 13 ~ - - - Abandcmed 
May 50 14 14 - - - - In use 
July 50 15 15 - - - - In use 
May 52 16 16 - - - - In use 
Aug 52 17 17 - - - - In use 
Feb 53 18. - 1 A Xo. 1 - - Test well 

. 

1.8.442 Mar 53 19 - '2 A Ro. 2 - - Test vell (10 tee t 

1.8.~34 Apr 53 20 - 3 B Ro. 3 - -
19.234 Apr 53 21 - 4. C Jlo. ~ - -
19.241 Apr 53 22 - 5 D Bo. 5 - -

17.10.18.443 May 53 23 - . 6 B Bo. 6 .. -
1.8.432 May 53 24 - 7 F llo. 1 - -
19.112a June 53 25 Rev - . Well tore- - -

Bo. 13 place Xo.l3 
18.1K2a Ju17 53 26 1-A - - 2a A 

19.321 July 53 27 - 8 - .8 -
1.8.4328 Aug 53 . 28 - - - 7t B 

19.323 Aug 53 29 - 9 - 9 -
19.321& Sept 53 30 - - - 8a c 

19.323& Sept 53 31 - - - 9a D 

19.U3 Oct 53 32 1-c - - B "Pilot 

17.9.24.,...2 1951 ;,y '' -
Hole" - - -

24.,.., Apr 55 34 34 - - - -
25.212 May 55 35 35 - - - -
1:/ Air Installations ottice map, item J0501 Fr531 dated 16 June, 1953 
y •otes by Mr. Genta~ 1D charge o~ teat drilling, Feb~une 1953 
}/ l"rccll inspector' a daily log and map pertaining to construction tra1 

J~ 1953 to July 19~ · 

Borth ot Well "A • 
Test Well 
Test well 
Test well 
Test well 
Test well (10' K. 
otWell "B") 
Unused· 

In use (10' S. ot 
test vell) 
Test well (10 • IV 
ot Well "C") 
Unused (10 1 B. ot 

test well) 
Test well (13' 8W 
otWell "D") 
Unused (10 1 SB ot 

test well) 
Unused (13 1 HE ot 

·test vell) 
Equipped tor use 

McCcamon • s well 
equipped tor use. - .. -

!J · Bumber assigned when vell vas integrate~ into Boles well-field system 

·11 

) 



we.Ils -were- &lll~d .. .and- .a- .privately .owned-well -was-added .to the we·ll-field 
.•.. system. .The, . .,se.V.e.ral .. number.S., . .assi.gned·.:t.o .. e~ch. .of .. seve.rSJ. .:wells. led to con-

.. ..sider.a.ble .... canfusion -.both in .reporting· well- ... a.nd·.pumpage. data.and in making 
' .· .. a .... thor.ough .. in:ven.tory -of. the ... a~ea_.- A·.cross~index .of ... .well num.bers,~ssigned 

. to wells ~and test .holes in the- -well .. field :.:was -pr.epa.r~d- during t'b.e: ~nvesti­
-~ .. ga.ti'qn ~d- .is--given in- table: l. The cross·-i~d.e~- giv:es the-.sta.n.dardized 
. ~oca..tion number _of ... each ... well-T .the .. month .. and- ,year in .which the well was com­
. ~plet~d-T the. well nuniber ip. the- .order. .of drilling, and t~~ severa~ · other , 
.. numbers .used in reporting pumpage and well designation in various maps and 

reports. In order to prevent further confusion in tne record~ it is desir­
able that the original practice of numbering wells in the order· in whiG.h 
they were drilled be continued as long as the well field is used. 

. ! 

. . 

When the t~st.-drilling program ~s pla:p.ned1 a map (District fil~ AL­
DJ-1/1) was prepared by the Corps-of Engineers, which showed 22 alternative 
test-hole locations. The iocati.ons were numbered :T-11 T-2T ·T-3 ••• ·Test 
holes drilled at a specific location were given the ~umber assigned to that 
location. Table 15 gives data from the test holes drilled in i9541 and 
columns one and two in the table relate the test-hole number to the state-
wide well-numbering system. · .. 
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P~ate 3,A..--Viev of Alamo Canyon, ~coking vest -toward 
· Tularosa Basin. 

Plate j.B.--View of Sacramento Mountain escarpment and 
Arrow Canyon fan (center) from ..-eat side 
of Boles well field. 

.l__ 



.(;: 
.. ~ .• 

•• 

. ...... 
• .. 

••• 

.. ~: - . . ~ .. . 

~- . . : : . ~ . . :' ~. 

:·Holloman Air For.ce Base. i.s. near ·the·. center .of the .east .edge of the 
~aro.sa Basin o The Tularosa .. Ba.sin ·.i.'s .a···.long, . narrow .inte.rmontGJ.ne basin 

.and .'is· part .. of a structural .depression ·more· than .. 200 .miles in length ex­
tending southward from western.Lincoln· .County, .. N •. Mex., .. th.rough :western: 
.Texas .and beyond the Rio .Grande· into the State .of .Chihuahua, .. Mexico.. The 
.l.arger·depression was first.called the .Hueco Bolson by .H.ill (1900) and was 
subsequently divided on. the basis of. t.opography ·by ··Ri.chardson (1909) into 
the '):.'ularosa Basin, or Tularosa Desert; ··on the· north and the Hue co Bolson 
on the south~ . .. . 

.: ... -. 

The .Tularosa Basin is ·.boup.ded. on the south by ... a· low topograph;t'c divide 
near .the. State li.nej on the .west by the .. Organ, ... San Andres, a:l1d. Oscura Mouh­
tains,. .. and ... Chupadera .. Mesa.; on .the nort.h by .. the .. Mesa J.umanes.; and .. on the 
east by the ... Ji,carilla; Sierra Blanca, and Sacramento Mountains. The interior 
plain has low relief (plates 3A and 5B)·, With.altitudes ranging.from about 
4,000 feet on the south and west sfdes.to about 4,400 feet on the north and· 
east sides. The surrounding ~ountain·s rise abruptly to· altitudes of 7:,000 
to-·l?,.~~o' f.eet. · · ·' .. ·· · ·· 

· Within· the area covered. by ·this_report the most· striking topO'graphic 
featur!= ':i.'s 'the Sacramento Mountain escarpment, which rises abruptly. to a 
height' above. the. ad.joini.ng plain'· of over 2,000 feet in _less thap. a mile and 
presents a nearly verti.ca..l wall to. the plain· (plate 3B)Q Beyond ·the top of· 
the· first rangel the altitud~ inciteas~s bi another 2,400 to 2,600 feet in 
about 6 miles o 'I.'h.e e~car:pment. fs dissected by· narrow, steep·-wal:J_ed canyons 
whose. fl·oors have steep grad.ierits amounting to 500 to 1,000 :reet per mile 
(plate 3A)'. · · · . · · · · ·. · · ·· · · · · · · ·· · · ·, · . · 

. . .. . . .:· .;. . 

On the plain, topographic features are less stri.kingo The entire plain 
1n.'.the vicinity of Holloman Air Force Base consists of sedimentary debris 
eroded from the mountains .. The plain slopes west-southwestward at rates 
ranging from about 10 to more· than 45 feet per mile. Locally the relatively 
smooth deposi t.ional surface of the plain has been modified. by add.i t:tona.l 
deposition and by erosion. · · 

At the mouths of the several canyons in the area, surface runoff from 
the mQuntain area has deposited alluvial fans (plate 3B). ~e si.ze of.an 
individual fan is more or less proportional to the size of the watershed. 
contributing alluvium to the fan. The fans project from the narrow mouths 
of the canyons in a semici.rcul.ar pattern as illustrated by the contours in 
:plate 4, hence the name ·"rari". vlhere the alluvial material in a fan inter­
fingers with another. fan~ the d.eposits coalesce into an undulating steep 
slope (plate 5A). In the Holloman area, the heads, or upper parts, of the 
alluvial fans are currently being degraded and contain arroyos having vertical 
walls and relatively flat floors. According to repo:x;-ts of long-ti.me residents 
of the area, the cutting 'of the 'arroyos began during the past 50 to 60 years . 
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• As pointed out by Pray (1952), the heads of the fans have been displaced 
upward by.rece~t faulting. The fault scarp at the mouths of the canyons 
bas been largely eradicated by later erosion, but distinguishable remnants 
may still be seen, as in the mouth of Mule Canyon. The heads of the al­
luvial fans are important as recharge areas, owing to the large amount of 
coarse-grained debris found in them and to the relatively large amounts 
of water available to them. 

Out from the fans the surface of the plain is considerably modified 
by the deposition of debris from the larger canyons (plate 5B). The plain 
has been further modified by structural movements which have tilted the 
surface downward to the west. Incised into the plain are a series of 
arroyos trending in a sout~we~t dir~ction. The arroyos are steep.-walle'd, 
flat-bottomed, and usually quite broad. 

A line of rocky buttes and knobs trends northward from the Jarilla 
Mountains (plate 6A). These outcrops of c.on·solidated rocks are surface 
evidence of the uneven nature of the base upon which the bolson fill was · 
deposited. · The outcrops range in height above the plain from a slight 
swell in the surface of the plain, as illustra.ted by the outcrop in sec. 28, 
T. 17 8. 1 R. 8 E., to about 500 feet in small steep·hills, as illustrated 
in the Tres Hermanos, about 8 to 10 miles south of Holloman Air Force Base .. 
From the longitude of Holloman Air.Force Base westward, the plain is a 

• 
gently undulating surface consisting of alternate small.rises and flat­
bottomed playas. The surface is broken only by the rocky outcrops des­
cribed above and by the White Sands, derived from playas to the southwest 

•• 

and emplaced by the wind .. The origin of the undulating surface of the 
central basin is not known, but may be related to deflation, subsidence 
from ground-water solution of evaporites in the bolson fill, subsurface 
structural activities as described by Sayre and Livingston (1945) in the 
Hueco Bolson, or perhaps all three processes·. · 



Plate 5A· --View, looking southward, of Lead Canyon fan 
. from Arrow Canyon, shoving steep llio:pe of 
fan, low inter-fan area, a.."l.d coarse-grained 
fan deposits. 

Plate ).B. --Viev of Tul~osa Basin, looking vest1.rard, 
Boles veil field in center on composite 
fan slope" and steep Arroyo Canyon fan 
in foreground. San Andres Mountains in 
backgrcund. 
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Plate 6A.--View, looking south1 of flat surface of 
Tularosa Basin and Tres Eeri.\1anos, a grou:p . 
of consolidated rock outcrops which pierce 
the basin surface . 

Plate 6B.--View of west face of Sacramento Mountains and 
surface of Tularosa Basin. Sparse· vegetatio: 
and gypsiferous soil are characteristic of t 
rep;ion. 
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CLIMATE 
• __ •••. , ... ____ -·----. ··-·-- ··-- _(""_ ..... ,. .... - ...... 4_.. ........... . '· 

. -
.The Tularosa Basin has ,.an arid. to semiarid climate, .a climate typical 

of the southwestern United States. Precipitation normally is 8 to 10 
inches per year. Relative humidity is corresppndingly low and usually 
does not rise .above 20 to 30 percent. Temperatures are high on summer days 
but owing to the low relative humidity .and generally clear skies, night­
time temperatures are generally lovt. The diurnal range of temperature's in 
the.surnmer may amount to as much as 60°F. though it is usually less.' On the 
plain, potential evaporation is large owing to the prevailing low relative 
humidity and generally high _.~emperatures. Although there ,are no Weather · . 
Bureau stations reporting. evaporation rates in the basin, records from 
Alamogordo Dam on the ·pecos River east of the basin, and at Eleph~~t Butte 
Dam on the Rio Grande west of the basin indicate the potential evaporation 
as represented by a class A evaporation pan may be as much as 12 feet of 
water per year. 

In the mountainous areas, precipitation is greater and t~mperatures 
are lower than in the interior plain. Along the west side of the pacramento 
Mountains, the relation of precipitation and temperature to change in alti­
tude is very nearly a straight-line function, as illustrated in.figtire 3. 
Averages of measured precipitation and temperature are given in tables 2 and 
3 for the periods of record for five stations in the Holloman area. Annual 
precipitation and cumulative departures from.average are given.for Alamogordo, 
representative of the interior plain, and for Cloudcroft, representative of 
the mountainous area, in figure 4. . . : · 

The cumulative departures of precipitation shown in figure 4 indicate 
that recharge to the bolson fill in the basin is not uniform but. varies over 
a period of years in response to the accumulated deficiencies and surpluses 
in precipitation. . ··- ·. 

. : ... ~ . ~· . 
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• !able 2.--Average p~cipitation1 in inches, at statians ill '1'1aill1ty or <[) llollCIDBll Air Force ~ 1 Otero Ccnm't71 !f. Me%. y 

t:OC&ticm an4 Alt1-Per1o4 at tu4e ncor4 (reet) Jan. Feb. Mar. Apr. ~ JUDe J'uly Aug. Sept. Oct. !fay. Dec • Azmual. 

Wld.te SaD48 llaticmal. 3,995 o.65 0.3() 0.19 . ~.42 0.43 0.58 1.14 1.34 1.69 0.78 0.36 0.63 8.5]. 
~t 

. 15 J'e&ra. 

J[oll men Air Farce 4,074 ·53 .41 .10 .23 .la6 .98 ·90 .67 1..00 .70 .28 .5]. . 6.TT 
Base 
Sept. 1942-Jan. 1946 
Aq.-oct., Dec. 1946 .. 
]lay. 19'J7 -Sept. 1953 .! 

.;._. 

Alalloaarto 4,350 • 62 .52 
. ·" .41 . ·57 -75 1.52 1.74 1.41 ·91 -59 .68 10.16 

~ Je&l"S 

llc.nmtain Park 6.,720 1.18 1.05 .85 ·10 .84 1.41 3-()5 ,.45. 2.29 1.46 .85 1.15 18.28 

31. Je&r8 
.. 

Clodcroft 1. 8,575 l..n 1.60 1.37 .86 1.14 1.n 5.01 4.64 2.90 1.58 1.16 1.51 . 25.19 

'-1 JH1"8 

y All cJata f'ram u. S. Veather Bureau (1954), except Hollc::a.an AJ'B which are f'rall veather de~t, 
11AUaaaD AD • • 

'fable 3.-Average temperatures, in degrees Fahrenheit, at stations in T1cill11i7 at 
llollaman Air Force Base 1 Otero County 1 N. ~. !/ 

Loeation ancl 
Pwr1o4 or 
record J&D. Peb. Mar. Apr. May JUDe July Aug. Sept. Oct. 1'0'1'. Dec. .Annual 

White SaD4a lfaticmal. 38.6 44.2 50.4 58.8 68.1· 76-7 Bo.o 78.6 72.4 6o.4 46~4 4o • .\ 59.6 
M&:m.ument 

ll. J"e81"8 

Jral1CIIW.Il Air J'orce .\1.7 46.6 5]..6 60.8 69.3 78.8 81.3 ao.8 73.4 62.5 48.6 42.2 61.5 
llaM 
Sept. 19la2-Ja.u. 1946 
Aug.-oct., Dec. 1946 

. aw. ~7-Bept. ·1953 

Alaogar4o 4i.8 .\7.1 49.0 6o.4 69.0 77.8 79·5 11-9 72.5 62.5 49.9 43~3 61.2 (60.9) 

31.~ 

lla\mtain Park :55-7 38.7 43.7 51.1 58.7 67.2 68.4 67.0 62.4 54.1 43.6 ,a.o 52.4 

21 ;,ears 

Clau4c:rott 1. :5().6 32 .• 1 ~-7 43.0 51.8 58.5 59.8 58-7 54.7 47.1 37-7 3]..2 45.2 

.~~· t:} • · Y All data f'!'CIIl u. S. Weather :BUreau (1954) 1 except Holl01118D An Vbich are b'CIIl weatber 4etacbment1 
11A1laman AJ'B. . 
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.· Figure 3.-- Relation of temperature and precipitation to 
altitude in vicinity of Holloman Air Force 
Base, Otero County, N.Mex . 
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.. G&OLOGY 

. Rocks exposed in the· vicinity .of Holloman Air For.ce. Base range in age 
.. froni Precambrian(?) to Re.cent. In the Sacr~ento· Mountains,. t~e Paleozoic 

geologic section is nearly complete .and contains rocks ranging in. age from 
Cambrian(?) ~o Permian.' Mesozoic rocks are not pres~nt in the area. inves­
tigat.ed. The principal area of Cenozoic rocks in the vicinity of Holloman 
.Air Force .Base is the Tularosa Basin. There, thick deposits of Tertiary ~nd 
~uaternary alluvial, lacustrine, and eolian. sedimentary rocks fill a deep 
structural basin. 

J 

In the area investigated, rocks of different ages are of varying impor­
tance with respect to the gt~und-water hydrology. The unconsolidated bolson 
fill of Cenozoic age is of greater importance than the consolidate~ Paleozoic 

.and Precambrian(?) rocks in.the adjacent mountain·escarpment. 'The boison 
fill is_ t?e major aquifer in the area, wherea·s the consolidated rocks adja­
cent to and underlying the fill are comparatively impermeable and are impor~. 
tant mainly as sourc·es "of the erosional debris making up the bolson fiil an·d 
as .sources of runoff. It ..... is well known that large spri.ngs discharge from 
some of th~ .fo~mations high in. the mountains; howev~r, the springs do. not 
enter to any. great extent into the hydrology of the bolson fill in the Boles 
area and were not studied for this report. 

Plate 7 shows the distribution of rocks in the Sacramento Mountain es~ 
carpment adjacent to the Boles well field, together with drainage-basin data 
discussed in other parts of this report. In the plate, the several formations 
th~t are shown in the composite columnar section (figure 5) are grouped in 
units based on their -relative importance. to the water in the bolson fill . 

. _. ·Stratigraphy 

·Precambrian(?) and Paleozoic Rocks 

Co~solidated rocks exposed in the vicinity of Holloman Air Force Base 
are principally sedimentary rocks and have a total stratigraphic thickness 
in excess of 7,000 feet~ The geologic section includes· a thin sequence of 
rocks of :probable Precambrian age and a thick sequ.ence of Paleozoic rocks 
containing formations which represent all seven periods of the Paleozoic era. 
The Precambrian(?) rocks consist of slightly metamorphosed sandstone, silt­
stone, and shale and some diabase siils. The Paleozoic rocks are mainly 
limestone 1 .dolomite, shale and sandstone and lesser amounts of gypsum, chert, 
and conglomerate. The gypsum occurring in the Permian.rocks of upper Paleozoic 
age is one of the main sources of the mineral content of ground water in the 
Tularosa Basin. Figure 5 shows a compos~te columnar section of the Sacramento 
Mountains in Otero County, N.Mex. The figure gives a graphic representation. 
and description of the rocks in the mountains~. together' with age correlations, 
names, and thicknesses of. the several formations described by Pray (1952) . 
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• . ....... !~!he, .. consolidated .. rocks .. ar.e .... r.ela..ti:vely .. impermeahle. ·.for .... t.be .. mo.st part, 
... although.. ... som.e ... of the .rocks .. are ... ,impoXtant ... ae±uif.ers. in .the ... higher. -.parts ... of 
.. the . .'.m.ounta.ins •. The .. c.on.solidated. r.ocks .. are ... important.~ :t.a ... a .. study. of the . 

. .. bol.son.~f'il.l .. .aqui:f'er .pr.imarily .because .. wea:thering ... products .from these rocks 
·-·_,provided .. .material .. .fbr the bolson. fill. in . the .. Tularosa .Basin. The, .. chemical 
.... char.a.c.ter .of .the weathering products, ... particularJ_y those f.rom the Yeso for~ 

mation of Permian age, modify the quality of ground water occurring in the 
fill. 

Cenozoic Rocks 

Igne.ous rocks 
.· ..... 

The ... i.gneous rocks in the .v·icinity of Holloman Air Force Base are be- . 
lieved to.be Tertiary in age and ·are probably related to igneous activity 

.. :tba.t .. occurred throughout the ~egion during early and mid-Tertiary time • 
. ....... Xnown. .. ar.eas of occurrence of igneous rock near .Holloman Air Force ·Base 
....... .ar.e,.reJ.a.tively small. Exposures consist principally of dikes, sills, and 

..... .small. irregular bodies in the consolidated sedimentary rocks. One i~eous 
plug pierces the surface of the basin in the Tres Hermanos, about 9 miles 

.... .S.outh .. of the air base • · 

Bolson deposits 

~ . The sedimentary rocks making up the bolson deposits of the basin are 
. of Cenozoic age and are the most important rocks with regard to the occur­

.. renee: .of ground water in the vicinity of Holloman Air Force .Bas'e. Beneath 
···the. surface of the Tularosa Basin along the west face of the mountains, 

..... penozoic rocks .attain a maximum thickness known to be in excess of 1,800 
.feet. In the mountain area, the Cenozoic sedimentary rocks are terrace de­
posi t·s, talus and landslide debris, and spring deposits. 

In this report, no attempt is made to assign spectfic age~ .to different 
. parts of t~e bolson deposits. Instead, ·reference is· made to two general 
parts; the older fill, and the younger fill_ or the ov~rlying alluvial fans 
which are important with respect to water· supply in the Holloman area. 

,!' 

; 

· Character of the bolson deposits.--The bolson fill in the Tularosa 
Basin, in the vicinity of Holloman Air Force Base, is general'ly fine· grained. 
The older fill in most of the area is virtually all clay, and generally con­
tains little mater~al coarser than very fine-grained sand.· The logs of wells 
18.9.14.200 and 16~9.26.210 show that nearly all the. fill below 150 feet is 
clay to a depth of at least 1,800 feet. The~fill penetrated in well 16.9.8.432 
was nearly all clay from the land surface to a depth of 525 feet. The logs 
of the test holes· d+illed in 'the Boles area in 1954 ·sho~ that the fill en­
countered at depth in the area is relatively fine .. grained. However, the logs 
of th~ test holes ~how also that the grain size of the older.fill increases 
t:oward the mountains, which were the source· of the fill. The older:. ;fil).. is 
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Figure 5.-- Composite columnar section, Sacramento Mountains, Otero County, N. Mex. 
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Plate 7.-- Geolo-gic. sketch map showing groups of relate~ rocks and drainage basins _in_ the S~cramento 
~ountains 1 east of the _Boles well field area,·otero County, N. Mex. · 
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·Plate 8A.--Viev northward from head of Ai:rov Canyon fan 
tovard Alamogordo. Smoke on horizon is from 
smokestack at Alamogordo vhich is hidden by 
the high composite Alamo-Mule Canyons fan. 
Note coarse-grained fan deposits in foreground. 

Plate 8:B. --Mid-f'an deposits exposed in Mule Canyon arroyo, 

, ....,_ 

· north of' Boles well field. Dense clay (adobe) 
overlies lenticular bed of gravel . 
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characterized not orily by fine-grained sediments,_ but also by a considerable 
amount of caliche or calcium carbonate. The caliche occurs throughout the 
older fill bo.th as dissemina~ed. flak~s or r:todtiles and as beds ranging from 
·about an inch to several feet in thickness. 

Owing to the common.sources of erosional debris·filling the Tularosa 
Basin near the Boles well field, the older bolson fill and the younger r"ill 
in the alluvial fans are similar in appearance and are difficult to separate. 
However, a rather arbitrary division may_be made in the Boles area on the 
basis of relative grain sizes found in the deposits. The alluvial fans, like 
the older fill, are principally fine grained, but the grain size is noticeably 
coarser anQ, locally ma~ b.e .. Y,~;J:¥-~·~·q;Q~~t·:§)~ Along the base of the Sacramento 
Mountains, the. younger fill .·con.sists ·of fanglomerates which have little or 
no sorting (plates 5A ·an·d ·~A)~ This condition is illustrated in the log of 
well 16.10.33.340. The fan sediments become increasingly better sorted 
(plates 8B and 6B) with distance from the mouth of the canyon from which 
the fan sediments are transported. On the;upper slo'pes of the fans even the 
clays are silty or sandy, and a number of strata are encountered which con­
tain particles rtnging from fine· san~ t(~L.:~~-~~~~~·~/ The logs of test 
hole 9 (17.9.24.222} and test hole 22 (17.9.13.244) illustrate this. Farther 
down the fans, the average grain size diminishes, and the sorting is better. 
In this zone, beds of sand and of clay are rather well defined. This is the 
general condition in much of the Boles· well field and· is illus.trated by the 
logs of test hole 21 (17.9.25.123} and test hole 7 (17.9.25.324}. 'Although 
some caliche is found in parts of the alluvfal fans, the oc·currence of caliche 

.... is not a general characteristic as it is of the older fill. The results of · 
mechanical analyses of samples from the lOitest holes drilled in 1954 are·. 
shown graphically on the electrical logs w~ich accompany this report as the 
appendix. A composite mechanical analysis of the bolson.fill in the Boles 
area and data from test hole 7 (17 .9 .25. 3211-} ·are· given in table 4 o These 
data illustrate the changes in grain size of the fill with increasing depth. 
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Table. 4.--Mecbanical.-anal.ysis dats for test holea drilled in 1954 in vicinity 
of Boles well field, Otero County, N. ··Mex. . 
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Fart~er out in the basin, ~h~ younger··_ fill is probably quite thin. The· 
rocks .at :the surface and at shailow depths _consist. of silt, clay, and ev:apo­
rites includin·g principally caliche and gypsum (plate 6B) · .. 'rhe thickest 
deposit.s of younger fill, other than the fan deposits, are in the low, .west 
.side of the basin ·in ·the vicinitY" of· Lake _Lucero.· In that area, .f~ne-grained 
rocks .. and deposits of evaporites consisting -principally of gypsum are re­
ported to exteqd to depths of more than 100 feet, on the basis of a well 
drilled iri tqe White Sands Proving Groun9,. Meinzer and Hare (1915) postulated 
the existence of Pleistocene lakes·in the area on ·the basis of the ·evaporites 
and.' some probable .wave-cut terrace-s.· They state that the evaporites probably 
.r.e.sulted .from .the .desiccation of the lakes, althougli they· add that the ·de~ 
posits could have been formed from the continuous evaporation o~ shallow, · 

. mineral-laden ground water .. :'· · 
~ ; 

The .wind, moving . .acr.oss .. Lake Lucero, has scoured out bits of the gypsum 
.. and.,. by .abrasion, has reduced the particles to the size. of sand. During the 

... transportation by wind, silt· included in ~he gypsum has been winnowed out 
and carried away. As a result of the wind erosion, the White Sands, west of 

· .Jlollamari Air Force Base, were emplaced .. The average thickness of the White 
.... Sands is about 50 feet over an area or" about 500 _squar~ miles. The area of 

the White _Sands is significant because the sands absorb most of the water 
from intense local thundershowers, and the solubility of the gypsum results 
in the occurrence of highly mineralized ground water under a large area. 

Thickness of the bolson depo.si ts. --The bolson fili as a whole has a · 
relatively smooth surface which slop.es west~southwest. However, the base 
of the fiil is far from smooth, and as a result the total thickness varies 
from piace to place in the basin. The fill was washed into the basin and. 
covered an uneven surface which.was controlled by the structure of-'the con­
solida._ted rocks. Therefore, the fill is rela ti yely thin where the. consoli­
dated rocks were high and thick where valleys were deve~oped in' the_ 
consolidated rocks. In the Plymouth ·Oil Co. No. 1 Federal Lands oi~ test 
(20.9.15.110), 2 miles south of Escondida, N. Mex., consolidated rocks were 
encountered at about 500 feet. Near Valmont, well 18.9.14.200, drilled 
prior to 1911, penetrated about 1,800 feet of fill without ente~ing con-~ 
solidated rocks •. The fill did not cover all of the consolidated rocks in 
the basin, as attested by the line of outcrops with intervening·valleys 
extending north from the Jarilla Mountains through the Tres Hermanos 'to 
Tularosa Peak. Near the Tres Hermanos, well 18.8.5.431 was dril~ed through 
783 feet of fill before encountering consolidated rock. Near Alamogordo, 
well 16.9.26.210 was drilled through about 1,000 feet of bolson .. fill without 
piercing the base of the fi~l. To the north,. near Tularosa, _a test we11· 
drilled in 1930 for the State Engineer of New Mexico apparently encountered 
1 1 100 feet of bolson fill. Northwest of' Tularosa, an oil te.st, well 
13.8.34.4oo,· was drilled to a depth of 3,900 feet. Although interpretations 
of-the driller's log and samples conflict, it appears that the fill may be 
as much as 1 1 300 feet thick at that place. 
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• .In ... t.he .. .Bole.s .. weli'~rield.· area~. di:ffe:renti~t.ion: was made bet'ween the 
older .fill .and the .. all:uvial.,.fan depo.si ts· in 'the ·logs .of wells and test· holes • 

. Altl;lough. .the .inter;pretations'._of::the:· lpgs .. are··: somewhat' arbitr.a;ry /.it appears .. 
that from-~lOO to .. about .250 feet ·of fan material· .rests upon the erodea sur­
.face· .of. ... somewbat. fi·ner .grained. ·~~der. f~ll in the. Boles._..area •. The fan ma- . 
terial.s.-,are-· .thi.ck.e·st. at. the -base· -of' the .Sacramento Mountains arid become 

. _thinner . with .. dista.nce from .the. mountains... . West of,' the .. .'Bole.S area it is 
.~eliev:ed.·.tbat the .. younger fill .of Quaternary age· generally_ consists of a 
veneer of less than 50 feet of sediments and. chemical evaporites. Th~ 
young deposits, other than those. of tpe alluvial fans,. attain thickne~ses 
greater than 5.0 feet in the ·White Sands, which are of Recent age, and in 
the vicinity of Lake Lucero where _.probable Pleistocene deposits exceed . 
100. fee,t.. · · 

. · .Age of th~ bolson deposits.--The Cenozoic bolson deposits of the 
Tularosa Basinare believed to be largely Tertiary in. age, with a ·relatively 
thin mantle of Quaternaryrocks covering the Tertiary rocks. This con­
clusion is based on the work of.Sayre and Livingston (1945) who described 
ground~water ·conditions in the vicinity of El Paso, Tex. They concluded 
that the sediments. underlying the surface of La Mesa, we.st of the. Franklin 
Mountains, consist principally of Tertiary depos'its with no· more than 100 
feet of. ~leistocene deposits and a thin veneer of Rec·ent dune sand. They 
demonstrated the deformation of the Tertiary rocks in_the Hueco Bolsqn,. 
and concluded that the bulk of the Quaternary deposits there consist$ of 

4lf~ncem~nted and ~ndeformed debris, c9ntairiing Pleistocene fossils,._at:the 
bases of the mountains. Recent 'depqsits in the Hueco Bolson con~ist of 
dune sa~d and a thin stratum of ~lay or oth~~ rock on.the tilted.surface 
of the basin. · · 

· · . If condi tiona .in the. Hue co Bolson and ·the . Tularosa Basin are analogous; 
as they should be in a continuous structurai depression, ·it is inferred · · 
that 'the Tertiary deposits comprise· more than 9o percent of the TUiar.osa . 
Basin fill and that the Quaternary deposits are of significant thickness 
only at the bases of ·the adjoining mountainous areas and in the depre.ssed 
areas in the vi cirii ty of Lake Lucero. •: . 

.,.I St~c:ture 

The Tularosa Basin is. essentially a· troughlike depr-~ssion, or graben, 
bounded on the sides by faults of .considerabl-e throw. The San Andres and 
Sacramento Mountains are fault-block mountains; whose attitudes suggest· 
that the graben is the result of downfaultin~ of the c'enter of ·a.n. inunense 
anticline. The west face of the Sacramento,Mountains has· been.for.med by 
the relative uplift of the niountllin.block al6ng the east side of a fault · 
or:.fault ·$ystem ... Prfly(l952) considers the escarpment .to have been formed 
through nonnal, gravity faulting. He,bases. his··opinion on several criteria; 
pr~ncipal of which are (1) abrupt w~st· dips· At .the mountain front and the 
existence of numerous sympathetic faults near the west edge of the mountain 
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block, .which increase in number .and. amount of throw to\vard the edge of the 
.bloc~, (2) truncation oi intern8l feature~ of the.mountain block, (3) trun­
cation of sculpture of the.mountain front, (4) the presence of terraces 
above the .. p~esent .. drainage in the mountains, and ( 5) the irregularity· of 
the .fault .tra.ce as evi.dence for gravity faulting with a dip-slip mov~ment • 
. The·movement of the mountain block.appears to be in a.dip-slip direction 

·on the.basis of the faults near the west edge of the mountains and slicken­
sides exposed at the base o.f the front by erosion of fan debris. The large 
thickness.of fill known to exist near the mountain base, and the Jarilla­
Tres Hermanos-Tularosa.Peak chain of bedrock outcrops ~ndicate that· the 
base of the fill is far from even, and implies that either the bedro.ck out~ 
crops represent the crest of a buried anticlinal block or the crest of a · 

, cuesta similar to the Sacramento Mountain block. In view of the amount of 
block.-faulting in the region it would seem the latter hypothesis is the 
more :pro ba bl~ . · 

Structurally, the ~olson fill appears to be featureless. However, 
there are some gross features of the fill which the writer believes corres­
pond to features of the fill in the Hueco Bolson, the southward extension 
of the· Tularosa Basin. 

· .Sayr.e and Li vings.ton (1945) cite evidence for structural deformation 
of the fill. near El Paso, Tex . In that area, the surfa·c·e of the bol son 
appears to have been til ted downward to the west. Several remnants o.f a 
high-level terrace along the Franklin and Organ Mountains appear to repre­
·sent<::~he original bolson surface. before faulting dropped the west edge of 
the bolson surface. On the bolson sur~ace east of El Paso, there are a 
number of.north-trending asymetrical troughs which appear.to be the surface 
expression of faulting in .the fill. Faulting of the fill is probably po'St­
Tertiary and has continued intermittently into Recent time.· Evidence·for 
continuation .of faulting lies in the fact that the probable faulting' which 
created tne asymetrical troughs involved all the fill up to and including 
the caliche beds near the surface of the fill. The caliche beds are possibly 
of Pleistocene age. Other evidence for the Recent age of some of the fault­
ing of bolson fill in the El Paso area is.:·the · f~ylting" and local. tilting of 
Pleistocene rocks in a gravel pit at the southend of the Fran'klin Mountains. 

Much of the evidence for deformation of the bolson fill can be extended 
northward into the Tularosa Basin. There, the basin surface has a,.pronounced 
slope from east to west, with the. lowest parts· of the basin alo.ng the west 

.edge of the interior plain. The depressed areas at the east base of the · 
Franklin Mountains can be traced more or less continuously northward into 
the vicinity of Lake Lucero. There are terraces along the east base of the 
San Andres M9untains (Meinzer and Hare, 1915, plate 9B)• Elsewhere in the 
basin there is additional evidence of subsidence •. Pray (1952) points out 
that the minor area of negative relief between Valmont and the Jarilla Moun­
tains may pe due to subsidence between the Sacramento Mountains and the 
bedrock pigh of the Jarilla-Tres.Hermanos chain of.limestone· outcrops. 
Movement of the fill along the chain of outcrops may be analogous ·to the 
asymetrical trough cited by Sayre and LiYingston (1945),. although the surface 
expression is not· the .same. 

23 



'-,. ••• .The- mouri.d .sprinss r brief.ly ... described by. Meinzer .and Hare ( 1915, · :P • · 
. 52-53.). .are .believed .to be .. .evidence o~ .fault.ing .of· the ·.bolson fill ~long 

tb.e ..... cbain . o.f . .lime stone .. outcrops. ·. The. mound .springs· .occtir in a. . .na~row ·area · 
.extending .from .. the Tre.s ·Hermanos .northward along· the .west ·side of Holloman 
Air F.orce .... Ba.se ... .and .. past.. Tularosa ·Peak. •. _ ... The. springs .. as. a. .... gr.oup are unique 
in the b~sin~· The height of the individual ·mounds ranges from less than 10 

·to'more.than .. 20 feet. The mounds are composed o:f' minerals :from evaporated 
ground water·, and vegetable matter 'and windblown material secured by the . 
water. At the top of the mound is a small "crater" ·which may qr may riot 
contain a pool of water. Water flows from the tops of some. of the mounds·. 
The mou~ds are the result of waters flowing from the ground! As.time passed; 
vegetation accumulated about the source of Water, and windblown sand ac-· · 
c~ated about the vegetation. P~ogressive growth in height apparently 
brought about the cessation.of. flow ·from most mounds. 

It is apparent that the water is under appreciable hydrostatic head, 
b~cause the water rises ·well above the gener~l .land surface. It is in-· 
ferred that the water flowing· from the mounds originates at a considerable 
depth. "compare the data from spring 18.8.17.412 and well 18.8.5.431 in 
tables 18 and 21. The well produces flowing warm water from'rocks tenta­
tively identified as the Yeso formation at a depth of about 890 feet •. The 

·spring also discharges warm water. Partial chemical· analyses of water from 
the two sources show that the chemical character of the dissolved solids is 
virtually the same both in concentration and in distribution of constituents. 

~Therefore 1 it is believed the spring water originates from the limestones. ' 
in the Yeso formation beneath the bolson fill. · . · . ·· 

·It is postulated herein that the bolson fill has moved differentially 
over a fault plane in the underlying bedrock. along the trend of the mound 
springs and. bedrock outcrops. This mode of explanation is necessary in 
order to account for the upward movement of the water along well-defined 
pa~hs through consolidated beds ~of sha:).e in .. the bedrock and through several 
hundred feet of clay and silt in the fill. · 

· · Evidence of recent faulting of the fill can be seen in the fan materials 
along the edge of the Sacramento Mountains. The recent faulting caused a 
relative uplift of the mountain block. The heads of alluvial fans which 
extended into the mouths of the mountain canyons were uplifted as much as 

- 80 feet. Examples of the fault· scarps in fan rn8. terials can be seen in the 
mouths of nearly every canyon, but are particularly prominent in Indian 

. Wells Canyon east of Alamogordo·; Mule Canyon, and Arrow Canyon (plate 9A). 
• • • • • • I • • 

·.The fan materials superimposed on ··the older bolson fill have a charac­
teristic structure. The· fans consist of .. interbedded cl8:ys and ·sands in the 
mid-fan and lower fan areas. ·The beds· slope. downward away frqm the heads 
of the fans. Ground ··water which enters these inclined. strata· is under · 
artesian head downdip. The artesian· conditions in part of the Boles well 
field are the result of such·con~inement of the ground.wate~. 
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Plate 9A.--View of contact (white dashes) bet-ween fan 
deposits and consolidated rocks ·at head 
o:f Arrow Canyon. Note fault scarp in fan 
deposits between road and contact in center 
and at right. 

Plate 9B---Boles well 17. One type of veil installation 
in well :field . 
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Geologic History 

.The ... geologic history .. of. only .Cenozoic time is of importance to the 
. occurrence .of. ground water in the vicinity of Holloman Air. Force . Base • . The 
t4ick .accumulations of Cenozoic deposits in the Tularosa Basin may be at­
tributed to a sequence of events which began no later than mid-Tertiary 
time, as demonstrated by the work of others in and adjacent to the Rio 
.Grande depression. Dunham (1936) states that ,the Organ Mountains had been 

· formed by the end of Oligocene time. It is in~erred that erosion on a 
vast scale began with the beginning of the mountain-making processes and 
continued after the mountains were formed.' Bryan (1938) concluded that 
present-day highland areas near the Rio Grande were formed about mid­
Teri tary ·time and were subse'quently reduced by erosion. Both Dunham ~nd 
Bryan indicate that rejuven~ti6n of the eroded Tertiary mountain masses 
was effected by block-faulting at or after the close of the Tertiary. 
Pray (1952) concurs with the theory of late Tertiary or post-Tertiary re­
juvenation, stating "the present Sacramento Mountains are the result of 
mountain-forming activity that occurred in late Cenozoic time~'. Therefore, 
most of the bolson fill in the Tularosa Basin is the result of deposition 
during Miocene-Pliocene time. During this time, the fill was deposited by 
canyon floodflows onto fans and into :playas,· by sheet floods, and ·by the 
wind--processes still active today. The existence of so much clay and silt 
in the older fill may indicate the.existence of lakes during part of 
Miocene-Pliocene time, but it is more likely that the source rocks were 

~ limestones and shales and quickly weathered to clay. 

··' After the Tertiary fill was deposited, the late or post-Tertiary re-. 
juvenation of the mountains, cited above, occurred. During this period the 
Sac~amento Mountains were lifted to approximately their p~esent position, 
and the Tertiary section of the bolson fill was tilted and was slightly de-. 
formed by faulting in some areas. There is some evidence.indicating that 
the structural movements did not stop, but continued into Rece·nt times. 
As a result of the renewed uplift, previous grades were increased and the 
subsequent erosional debris was coarser grained than the material on which. 
it was deposited. Most of the coarse-grained .debris was deposited in al­
luvial fans at the edges of the mountains. During the humid periods of 
Pleistocene time, there probably were lakes in the low areas of the basin, 
which were created by the tilting of the basin surface. Fan building has 
continued into Recent time. 
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. ' .. . •. . ~· . . . ' .. ~ . . . :. . '::.: :· ~ . ::: . . . . . . . . . : . ;.. .~ . ~· . . 

. .. :.· ~" . ·.: .... ~ ~ l· . . . .. · .. · .. · ... ··.- :· .. 
: ...... ; .·Occurrence 

,\ . 

tiround Water in Consolidated.Ro~ks 
... · ~ 

The roie of ~onsolidated rocks in supplying· ground ··water· in· the .·vi~·-··: ..... ·,: 
cinity of. Holloman Air ~orce Base is as ·varied as the geology of the. 
mountains. The rocks of the Paleozoic ·section, up to and including those·. 
of Pennsylvanian age~ yield ground water in limited quantities loc.all~r .... · · 
The .dense limest9nes, s~ales, an~: well:.._cemented sandstone's are essentiaily ., 
impervious for the most pa~t ~nd yield water only where faulting or folding 
has created fractures which· provide· permeability. Exposures of rocks older 
than:. ~e~nsyl vanian are generaily limi.ted to the steep sides of. t~e cuesta of 
the Sacramento Mount~ins, thereby limiting their intake areas to the floors. 
of the canyons dissecting the mountain front. In. the Sacramen:to Mounta~ns;· 
a few .pmall springs, mostly seeps, issue from rocks ranging in age from 
Ordovician to Pennsylvanian. The water from these springs is usuaily hard 

. but potable.... .. · :. , 

Of the. consolidated rocks, those of the Permian system in the vicinity 
of Holloman:Air.Force Base are the most important aquifers. They are im-

• 
portant as aquifers owing to the extensive exposure of the Permian in the 
Sacramento Mountains and to the large amounts of soluble minerals present, 
p~incipally in the Yeso formation. The sandy parts of the Abo formation, 

·and the limestones of the Yeso formation, are the principal sources of· 
nearly all of the numerous springs high in the Sacramento Mountains. Mo.st 

.of these springs produce only small amounts of water. Nearly all of the 
flow from the larger springs has been appropriated for municipal or 
agricultu~al use. · 

It is known that Permian rocks underly~ng bolson fill in the vicinity 
of the airbase a.l.so can produce wat_er, but t~e quality renders water fro~ 
those _buried rocks unfit for any present u,se. 

·:. G~ound.Water in the Bol's.on Fill 
'· \ .· 

I : 

The pri~cipal source of ground water in: the vi~inity' of Hoi~bmart Ai~ 
Force Base is the unconsolidated bolson fili.of Cenozoic age. Beds of·s:tlt, 
sand, and gravel in the bolson fill yield water to wells in varjihg amounts. 
Ground-water occurs in· the fill under both water-table and artesi~n conditions. 
In some wells in the area the water ·level r~rila.ins at ~he level ~t whic.h it 
was encountered by the drill. In other welis,. thick· sections of clay are 
encountered, and when a water-bearing sand is penetrated, the water ·level 
rises above the:t~p of the sand. In the general vicinity of the Boles well 
field both conditions exist in the fill, fre~ueritly in ~he same well." The 
shallowest water-bearing sands contain water under water-table cbnditions. 
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EX.PLANATION 

®. 

Well~ equipped with turbine pump 

9. 
Well, equipped with smali pump 

-<>-
Well, unused·· 

OT-8 

Test hole 

·. 

'---4060~ 

ContQur on water table 

_; ~ ... 

.. · .... . , 

,._ . . 
Numbers by well•nd•cate Boles well number, 

and altitude of water table in January-1955. 

Figure 6.~-Wells· and test holes, and contours on th~ water table tn the Boles ·well field area, Otero County, N. Mex. 
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.Sands encountered deeper fn· the ·well contain water under artesian pressure. 
In some of the Boies wells the shallow sands are not present. However, 
owing to the erratic distribution of sands in the fill, artesian conditions 
generally are only local and temporary, and after long periods of ground­
water withdrawal the aquife~ acts essentially as a water-table.aquifer. 

Depths to water in wells in the area range from more than 200 feet 
below land surface near the mouth of Alamo·canyon to only a few feet below 
land surface in the vicinity of White Sands National Monument. The differ­
ence in depth to water is due to the.difference in the slopes of the wa~er 
table and the land surface. The water table sl.qpes in approximately the 
same general directio~ as th~ land surface, toward the southwest, but not 
so steeply' with the result •th~.t the land surface and the water--table sur­
face converge toward the ·west. Plate 1 s.hows by means of contours the 
general shape and slope of the water tab_le in the vicinity of Holloman Air 
Force Base. Figure 6 is a more detailed map showing the slope of ~he water 
table in the immediate vicinity of the Boles.well field. in January 1955. 

·The shape.and direction of slope of the water-table contours shown in plate 1 
indicate that the ground water in the fill moves toward areas south and west 
of the area covered by this study. The steep slope·of the water table close 
to·the mountains indicates that the permeability of the fill there is generally 
low. 

"'The O'Ccurrence of potable water in the fill is related to the occurrence 
of soluble minerals in the fill and the source of th~ waters. Potable water 
occurs ·principally in fill derived from rocks containing only small amounts 
of easily dissolved minerals such as gypsum and'salt, and from drainage a~eas 
wherein surface runoff over soluble minerals is at a minimum. Owing to the 
extensive distribution in the area of source rocks containing such easily 
dissolved minerals, the areal extent of potable-water-bearing fill is limited. 
The areal extent of the potable-water-bearing fill in the Boles area was 
determined, by constructing "contours" on the sulfate content of-Wa.ter from 
wells, as determined by chemical analys.es. The "contours" shown in plate 2 
are lines along·which the sulfate content of ground water in the fill is 
approximately equal to the value shown on the line. Between ~he edge of the 
Sacramento Mountains and the contour of 300 ppm sulfate the gr'ound water 
generally .contains less than 300 parts per million of sulfate. Using the 
sulfate content of the ground water as an indication of potability,·~ the 
volume of potable water in, storage has been computed and is discussed in the 
section on storage. 

Recbarge and Discharge 

The water table in the vicinity of Holloman Air Force Base, as shown 
by plate 1, slopes away from the base of the Sacramento Mountains, indicating 
that recharge. to the water-bearing bolson .fill occurs along the' mountain base. 
The surface of the bolson near the mountain front consists mostly.of a dense 
adobe clay, except for a ·relatively narrow belt of coarser grained material 
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in the upper parts of the ~luvial :fa.ns. The streams in the mountain . canyons 
are intermittent 1 flowing o~y. af~er rains fall in the mountain area. Flood­
waters from the canyons flow over the zone of coarse-grained fan mater~al, 
and 'a p~rt of the water. s~nks downward into the fan material. The·· water. · 
not absorbed flows over _the zone of adobe clay, and ~ost is return~d to the 
atmosphere·by evaporation and transpiration. A small amount of recharge 
to the ground-water reservoir results from precipitation directly on. the fans. 
The amount of recharge to the upper part of the. alluvial _fans depends in part 
upon the rate at which the floodwaters pass over the intake area. Passage 
of flood flows· into the basin is an' indication that recharge -is rejected in 
the intake area, either-because the water table,has risen to the land surface 
or because_ the soil cannot ·absorb .the water fast·enough to prevent a part 
of the water from running off. As·. water levels in the. intake. area are more 
than 100 feet below the land surface·' and the 'surfa'ce material is not.· con­
tinuously saturated,· the second explanation is the correct one, and the 
alluv~al fans are capable of storing additional watero 

. . . The' amount of recharge to the fresh-water sands' is difficult to .estimate, 
partly because the fresh-water sands are only a part of a larger hydrologic 
system. HoweverJ the minimum amount of recharge ·can be estimated roughly.· 
It may b.e seen by the contours in plate 2 t~t the f)"esh.:..water body· is lobe­
shaped and has subparallel sides trending :in a southwest dfrection. The 
subparallel sides of the body trend in the same direction as the slope.of 
the water table, indicating that the potable wat~r has moved as a unit from 

.the recharge area to its present position.· By projecting the subparallel .. 
sides of the fresh-water body to the mountain front, it is indicated that 
the recharge area extends along the mountain front.between Alamo Canyon and 
San Andres Canyon. The s.outhernmost canyon contributing to the fresh-water 
body is the small canyon south of Lead Canyon. Water from Alamo Canyon pro­
~ably does not contribute .to the· fresh-water body·. 

The amount of water moving through the fresh-water area may be estimated 
by a variation of Darcy's law:. 

. ... \ 

: . . Q .= Q .0011 TLI 

in which Q is the quantity of water moving ·through the section, in acre-feet 
per year; 0.0011 is a conversion factor; T is the coefficient of transmissi­
bility of the formation, in gallons per day through a section of the aquifer 
1 mile wide at a gradient of· 1 foot per mile; L is the width of the section, 
in miles; and I is the slope of the water table, in feet per mile. The coef­
ficient of transmissibility is ·aiscussed l~ter under hydrologic charateristics 
of th~ bolson fill.. . ..... ... . . . .: :·" ·... .. .. . . 

I~ the. Bole·s· a~ea ,'· .. L. ~as· ·meas~~ed alc{n·~ ·the 4 ~lao-foot. ·contour ori th~ 
water table, inside the "300 ppm sulfate" line, and amounted to about 2.8 

• miles .(plate 2 and figure 6). The slope (I) of the water table acrOss the 
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4,100-foot contour was about 45 ·feet per mile. The coefficient of trans­
mi.ssibility (T) was .estimated· to be about 5,000 gpd per foot on the basis 
of aquifer tests .made in the Boles well field. The result (QJ was an es.­
timate.of about 700 acre~feet per year moving through that pa~t of the 
aquifer CC?ntaining potable water. 

The amount o"f runoff which resultsin the recharge of 700 acre-feet 
per year was esti~ated, using the total area of all drainage basins con­
tributing to the recharge area, and an estimate.of the annual. rainfall on 
the drainage basins. Plate 7 shows a part of the mountain area adjacent · 
to the Holloman area. The underlined figures in the.plate give the area 
.of the drainage basins in square miles. It was assumed that water from 
Alamo Canyon does not co~tribute recharge to the fresh-water body. The 
total area of the dra{nage basins contributing to recharge of the Boles 
well-field area is about 9.5 square miles, or about 6,000 acres. 

Figure 3 shows that there is nearly a straight-line increase in pre­
cipitation with increase in altitude in the western part of the mountain 
area. The tributary area was divided in~o strips bounded by·l,OOO-foot 
contours of altitude, and the average precipitation on each strip was mul­
tiplied by the area of the strip. Using this method it was estimated that 
the ~verage precipitation is 16.6 inches; that_is, a total of about 8,300 
ac~e-feet per year of precipitation falls on the drainage basins that con­
tribute recharge to the fresh-water body in the Boles ·area. Thus, only 
about 8 percent of the precipitation recharges the water body. Runoff 
contributing to recharge of the alluvial· fans.is thus equivalent to 1~4 
inches over the drainage area. However, losses due to evaporation and 
infiltration in the mountain area account for a large part of the precipi­
tation, and the amount of water· discharged from the canyons across the: 
recharge area of the fans is much less than the amount that fell. Therefore, 
the amount o"f water reaching the water table is greater than 8 percent of . 
the water discharged from the canyons. · 

Natural di'scharge from a ground-water reservoir may take place in 
several ways. Water from the reservoir may discharge into an effluent 
stream and be carried away as surface flow; dissipate by evaporation from 
water-table lakes, or evaporate directly from.the land surface where shallow 
ground water is brought to the surface by capillary action. Ground water 
can be discharged also by transpiration from vegetation whose roots reach 
the water table or the capill~ry fringe above the water table. In the long 
run, natural discharge from a formation must equal recharge from the forma­
tion unless significant changes in storage in the formation take place. 

\ 

In the Holloman area natural discharge of ground water takes place only 
by movement out of the area. There are no perennial streams and no water­
table lakes. The water table is shallow enough to pe~lt evaporation from 

'the land surface only in small parts of the west side of the area. Al-· 
though th~re are areas in which the water table ~s s~llow en?ugh to allow 
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.. . . . . . Jl 
. . . transpirat.ion .. of ... the ... water .. b~ .. plant.s.~ .... commonl.y ... \fhere the . water . ~ s shallow, 

..... tbev..saJ..inity ... of. tb.e .. :water .. in ... .those.'area~ .. inhibits ... plant .gro'V(th ...... ·.l,iast· .of ... · 
.the :gr.ound Wa.ter. move.s "through the. aquifer. to .discharge far from the. a.re.a . 

. ... c.ov.ered .by this repor~ (C<?nove~ ·and others.,· 1955). ... :· ...... _ 

Within .the Bole.s ·well-field ~rea the principal moP-e of discharge· of· 
:ground.Water is by pumping. from wells. By the end of 1954 approximately 

· ·757 million gallons of water, or 2,300 acre-feet, had been pumped from the 
Boles wells since.pumping began .. The ·rate of pumping has been increasing, 
though there is .. rio uniform .inGrease from year to year, because' the amount · 
of water pumped depends on the amount. of water supplied to. Holloman by · . 
Alamogordo. As a result of the p~ping, water levels in the area have de-· · 
clined •. As long as pumping continues, water levels wili continue to decline 
as the· ':Piunped water. is being taken from storage,. and .there is little pros-· . 
pect of increasing re~harge or de~reasing discharge. · . :I . 

Other.points of artificial discharge from the bolson-fill aquifer are 
the ·several irrigation wells ·about 2 miles north of the Boles well ·field, 
the iri'i.gation well at the Taylor ranch about 11. miles southeast of ,'the · 
wel~ field, and the two.municipal wells about ll ~iles southwest 0~ the well 
field." ~~e amounts of water pumped annually from these ~ells have not been 
included in the pumpage given in t~e preceding paragraph. It is not expected 
that declines resulting from pumping of these wells will affect the Boles 

~area significantly.in the near .future. 

..... Ground-Water.Storage 

In ·determining the amount of water available to p~ped wells in the · 
Boles area it is necessary to consider the several factors that affect t~e 
aquifer when ground-water ·withdrawals are made. The permeability of the 
aquifer regulates the movement of water toward the pumped wells. The coef­
ficient of stQra~e of the aquifer together with the permeabili·ty regulates 
the amount of water that can be pumped from a well and the rate at which 
effects of pumping are transmitted. When water is pUmped, the water is 
taken from storage in the aquifer with a consequent lowering of water levels. 
Continued pumping results in continued lowering of water levels until such 
time as the effects of~pumping reach ~istant areas where discharge .f~om the 
aquifer is decreased or where ·recharge to the aquifer is increase4. Natural 
discharge from the aquifer or' the Boles well-field .. area occurs many miles 
.a~y and will not be affected by pumping from·the Boles well field for years 
to come. In the area of recharge to· the aquifer of the Boles well field, · 
the' water. table is far below t~e surface, and when ·recharge occurs there is 
sufficient storage space available in the bolson fill to store all the w~ter 
that the surfaqe al~uvium is capable of. transmitting downward. Lowering _of 
the water level in the area of 'intake to the a~uifer .thus will not induce 
additional recharge ·to the aquifer.·· Therefore, water pumped from the.Bo~es 
well field comes from an aquifer whicb'for all practical.purposes has fixe~ 
rates of recharge and-discharge, and a~y wat~r remqved ·from the aquifer must 

.come from storage. · · ·:;, · 
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.-It is apparent, then, that the useful life.of the. well field is based 
primarily upon the amount of potable water that may be removed fro~ storage 
without inducing the rapid migration-of undesirable saline waters from the· 
west. The total amount of potable water -in storage can be estimated, but . 
this total is not significant in itself, because· not all the potable water 
can·be.recovered before adulteration occurs. 

In the Boles area, potable water is knoWn to occur at depths of almost 
4oo feet. Water containing 300 ppm or less of sulfate-occurs under an area 
of approximately 8 square miles or about 5,000 acres (plate 2). The weighted 
mean depth to water is about 100 feet, indicating a saturated thickness of . 
about 300 feet. · 

J 

· The specific yield Of an aquifer is the amount of water the aquifer 
will yield, expressed as a percentage of the volume of the saturated aquifer. 
The specific yield differs substantially in value from the storage coeffi-
.cient of the aquifer when determined frqm short periods of pumping. The 
storage coefficient ·approaches the specific yield as time increases, and, 
in fact,_ultimately would exceed it slightly. The specific yield in the 
Boles well field is estimated to be about ~ percent, based on the decline 
in well 33 from April 1952 to February 1954, gnd on the pumpage from the 
well field during that period (see Summary of Hydrologic Characteristics of 
the Bolson Fill). The specific yield in the well--f-ield area indicates that 
the saturated bolson fill contains about 130,000 acre-feet (about 42,000 
million gallons) of potable water. However,.not ail this water can be 
feasibly extracted, in part because of problems of encroachment of miner-. 
alized water and because of physical problems of extraction of water as 
water levels are lowered& Consideration of these questions is covered in 
a succeeding section of the report. 
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• ! Before .Holloman Air Force Base began t.o use ground water. from the .. 
Boles well field, ground water in the·bolson fill in the vicinity of 
Alamogordo and ·the airbase was used only for ·dom~stic and .stock supplies,· 
and for scattered amall-scale irrigation, some dating back to the turn of 
the century. Following World War II, an expansion of irrigation by. wells 
began ·in the area principally north of· Alamogordo. ·Expansion of develop­
ment in the vicinity of the town has· been slow but steady. The irrigation· 
w~lls have yields ranging from less than 100 gpm to. nearly 500 gpm. Most 
of the water pumped for irrigati9n is too highly mineralized to be used 
for domestic purposes. The irrigated farms of significant size nearest 
the. :Boles well field are 2! to 3. miles to the north. · In addition to the 
irrigation wells, a .few large-capacity wells_ are used for industrial pur­
poses and for supplementary municipal supplies. Most of these wells are 
in or near Alamogordo • 

. ~ . . Development· of the Boles Well Field :_ .. : ...... 

Holloman Air Force Base obtained all of its water su~ply from the 
Town of Alamogordo during the operation of the base as an Army Air Field . 
during World War II and to the summer of 1947. In 1947, Mr. L .··c. Boles 
drilled a proposed irrigation well on his property, part of the present 
well field, and found that the water was potable. Subsequently, the Air 
Force leased the property and much of the surrounding property in sees. 24· 
and 25, T. 17 s., R. 9 E., and sees. 18 and 19, T. 17 s., R. 10 E. (fig. 6). 
During the 8-year period 1947 to 1955 at least 35 wells and test holes· . 

. were drilled in the well'Mfield area. Of the 35 wells and test holes, only 
14 wells have been used or equipped at o~e time_or another to produce water. 
In 1955 there were 12 wells equipped for use, but only 10 wells were used 
to any extent. Wells 14 and 32 were not used because of the mineralization, 
and sand content of the water, respectively. 

. Although drilling in the well field generally continued from year to 
year, table 1 shows that the years of maximum activity were 1948, after 
"the well field was first established; 1950, a period of general water short­
age; and 1953, the beginning of the present period of large demands. 

When it became generally known that the potable-water body in the ~ales 
area was rather extensive, the town of Alamogordo began to develop ground 
water in the area on a small. scale. In 1953 two test holes were drilled 
west of the Boles well field, and subsequently, in 1954 two production wells 
were drilled on.ieased property in sec. 35, T. 17 s., R. 9 Eo, southwest of 
the Boles well field. 

Water Use at the Base 

• 
Water requirements at the base were essentially stable during World 

· War II. The amount of water used (table 5) ranged from 0.4 to 0.5 mgd. 
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Figure 7.-- Monthly water consumption at Holloman Air Force Base, Otero County, N. Mex. 
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After the. war, . .as activities at the base were curtailed, the use of water. 
dwindled to about 0.1 mgd. When the base. was reactivated as a re~earch 
establishment,, the demand for water began to increase again, reaching the 
wartime level in about 1950. Although the. trend of water use ha.s been. 
generally a uniform increase, in 1953 the~e was an abrupt increase of nearly 
0.2 mgd in the average daily demand. Water consumption at Holloman Air 
Force Base for the period 1943 through 1955 is shown in table 5 and for the 
period 1947 through 1955 is graphically illustrated in figure 7. 

The continued increase ·in use of water at Hollo~an Air Force Base 
reflects the increase of the population of the base and the enlargement of 
th.~ physical plant. The research ·facilities, on-base housd.z:1g· facil~ ties,. 
and landscaping have been eipanded more a~· less continually. The abrupt 
increase of over~ll water use in 1953 probably is the re~ult of apeni~g 
the second group of Wherry Housing units for occupation· during that year. 
The continued· increas.e in research and landscaping has resulted iri a ris'ing 
·average use of water per capita. The use of water per capita fluctuates. 
seasonally and ~s related in part to the seasonal or monthly temperature. 
Generally, during cold weather individual consumption of water is r~.duced, 
and no water is U$ed for air ·conditioning. During the colder weather, the 
amount of irrig~tion of lawns and trees is 9mall •. As the temperature rises, 
these uses of ~ter increase rapidly. Figure 8 shows the average monthly. 
temperature at Alamogordo, the use of water per capita at Holloman Air Force 
Base, and a par.tial record of the average population at the bas~: for the 
period 195q through 1955. The relation of temperature and per capita use 
i.s · apparent • 

The relation of average daily water use per capita to average monthly 
temperatures is ·shown by figure·9. ·The points for 8 months of record in 
1950 and far 12 months in 1951 show relatively good relation, and the 
straight line shows the ge~eral relationship. ·Points plotted for 1952 and 
1954 are·too scattered to show a general.relation. In 1953, however, the 
7 months of available record show a general trend of increasing unit use of 
water which departs from the 1950 to 1951 conditions. Points plotted for.~ 
1955, though scattered, substantiate the trend indicated by the 1953 data. 
The scatter of .. points plotted for 1952, 1954, and 1955 is believed to be the 
result of using large amounts of water temporarily for construction purposes·. 
Figure 9 shows that in general the amount of water used during cold weather 
has increased in the later years which reflects the increased basic or 
~'industrial" use of water at the base·. Moreover, the line for 1953 has a 
lower slope indicating that the per capita use of water per degree tempera­
ture was greater than in 1950-1951. Tpis reflects the increase in use of 
water for irrigating lawns and other vegetation and for air conditioning. 

Pumpage in the Boles Well Field . 

Prio~ to 1947, when the Air Base was obtaining all its water from the 
Town of Alamogordo, the water requirements for both the base and the town 
were relatively low, and the water supply for the town was relatively large~ 
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Table 5 .--~uai amounts .of wat~r supplied to_ HollOman Air. Force. Base, N. Mex •. , 

1943 through 1955 y· (1,000 _ga~ons_) '· 

- ~ 

Year · Pur~hased from ·Pumped from Boles well field . Tota1---suppl._:y · - .. 
Alamogordo Annual total Daily average Annual total Daily ayerage 

1943 y '162,237 -- - . . 162,237. 444 
. 1944 . c· 169,100 _ _ .. 169,100 462 . 

1945 156,991 - - . 156,991 . 430 .. -
1946 42,966 - - .·42,966 c 118 ·. :. 

·, 1947 Y • 59,866 ·. 3, 760 10 • --63,626 . ., 174. o.J 

·. 1948 . . '· - 5,630 86',o49 . 235 ' ' .. ·.91;-679: .. : ' '250· ': ·.:. 

•: 1949 . .' 75,071 I . , 56,090 ·154 . :·. ~- · .. ; .131,161 . . ·-359 :: 
~: 1950 --.;· _ _.i43 09.7 ·-'29:455. ' 81. . .- 172 552 ·. . . 472 :;'• : .. . ' .. _, . . . . ' .. - . ' . 

- ·· 1951 · . ! :·,_ . 110,155 . 1o8,275 _ . · 291 · · · .. : .. - · 218;430_· · · --. ·-: 598·. :.·_ ._: 

· · 1952 .101,309: . -.. .. 135:,6o6 371· ·_ . _::-_ :, .. _ · · ~,'915 .. :._ 647 · · . -
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However, the decreasing annual precipitation in the area resulted in de­
clining discharge from the,springs which supplied water to the.town, and 
by 1945 the supplies were generally-deficient.· The necessity of a solution 
to the water shortage was delayed when water requirements at the.base were 
reduced following the end of World War II. However, the shortage became a 
problem again as the base began to expand in 1947 •. When first developed, 
the Bole~ well field was initially pumped at very· high rates, relative· to 
the number of producing wells then in existence. Since development of the 
Boles well field the population of both the town and the base have. increased 
more or less continuously. As the town grew, its sources of water were in­
creased. Pumpage at the Boles well fie~d has fluctuated from year to year 
in response to the amount of water supplied to the base by Alamogordo. How-· 
ever, the water requirements· o.f the town increased to such an extent that 
the town eventually could supply appreciable quantities of water only during 
the winter months, as illustrated in figure 7~ ·Thus the well field has 
become the principal source, rather than a supplementary source, of water· 
for the base. 

·During the period 1947 to 1950, more than 146 million gallons of 
ground water was pumped from Boles wells 1,.2, 5, and 10. Of the 4 wells, 
well 1 was abandoned during the period. In 1950,.wells 13, 14, and 15 
were added to the system, and the 6 we+ls produced neariy 138 million 
gallons during the 2-year period 1950 to 1952. In 1952 wells 16 and 17 
were added to the.well-field system, and well 13 was abandoned. The group 
of 7 or 8 wells produced about 337 million gallons of water during the 
period 1952 to 1954. With the addition of well 26 in 1954, the group of 
8 remaining production wells yielded about 150 million gallons of ground 
water in 1954 alone.· Wells 33, 34, and 35 were used in 1955, and during 
that year the well field produced nearly 248 million gallons of water. 
Table 5 shows the yearly well-field production. The total withdrawal of 
ground water from the well field through 1955 has amounted to about 1,018 
million gallons,.about 3,100 acre-feet; in less than 9 years. Of the total 
withdrawal, approximately 600 million gallons or about 60 percent was 
pumped' during the last 3 years of the period~ 

·~. 
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• . ·: G~9UND-WA'rER .LEVEL$ AND THE;r~ SI.GNIFICANCE 

... :.· I ".,, 

.. 
. :. · ... Tlle."depth .,to. .water.·: :was ... measti~.ed in.,~a.ny. wells iil .. the .. vicirli ty of 

.. .Hoi.loznan.. Air .. F.or.ce .Ease., ... dur.ing. the ... course. of.·· this.;.investigati~n. In the 
...... :..immed.iate .. vi.cinity ,.of'.J3ol.es :well .. fi.eldr· the .de.pth: to .. water. was- .d~termined . 

.. . . i.n.. alL ,:welJ.s ..... that .. couJ.d .. :be .. measur.ed •.. In .most wells measurements.we:re made 
.with a ... steel.tape .. from fixed .. measuring.point.s. In a few w~lls measurements 
could not .be,.made, .and the depth to water was recorded as reported by· the 
owrier or driller. · Measurements of water levels were reduced to depths below 
a 4atum.a,pproximating the general land surface at each wello In~the Bole~ 
we~l fieJ..d the· altitudes of the measuring point and land-surface. d.S.tum were_· 
determined by instrumental leveli.ng·for eacn of the Boles wells ·arid older 
test .holes and for each of the test ·holes drilled in 1954. ··The altitude; 
of the land surface at wells near the Boles well field was d~ter.mined by 
aner~id.barometer. Elsewhere, the altitude of the land surface was es­
timated from topographic maps of the areao . Measurements of the depths to. 
water. ir.. several wells in the vicinity of Alamogordo have been made at bi-. 
monthly or greater intervals since 1952. Se~ected wells in the Boles.well 
field have been measured at bimonthly or lesser intervals since the begin­
ning of the investigation in 1954. Automati'c water~level re·corders were 
maintained on several wells in the Boles well field for pe~iods of severa~ 
monthso The dep~hs to water in wells in the Holloman area are given in 
tables 14, 15 1 16; and 18, and fluctuations of water levels in several of 

.the Boles wells ar~ shown. graphically in figures. 101 11, and 12. .· 

The water-level data were used to. prepare the water-table contour ·maps, 
plate 1 and figure 6, which show by means· of contours the ·altitude of the 
water table in Jatluary 1955 in· the entire area investigated' and the Boles·· 
well-field area, respectively. The data provided in these maps are impor-\ 
tant to an understanding of the occurrence of ground water in the area.· · 
Th.ey provide info;nna tion on the general direction to the intake are~ of the · 
ground-water reservoir, the direction of ground-water movement, the probabl~ 
areas of ground-water discharge, the effects of pumping on the reservoir, and 
the relative differences in permeability of the bolson fill in different areas. 
When studied in conjunction ·with data on the quality of the ground water, the 
maps show the area of recharge to the potable-water botly in the Boles area 
and the possible direction of saline-water encroachment into the potable-water 
body. · 

Water Levels in January 1955 

The c.ontour maps of the water table are based on measurements of the 
depths to water in most of the wells which could be measured in January 1955. 
Some of the measurements in wells distant from the area of intensive study 
were made at different times during the investigation, or were reported by 
the well owner or driller. The fluctuation of the water levels in these wells 
over a period of months or even· years is· small, and so··: the measurements could 

· be used in constructing the maps. The water-level measurements in the area )~.: ~ 
.• were made in the winter season when few if any wells had been p~ped during . 

a period of several weeks or months. · · · ' . 
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,The, .. ar.eal ~ter~table· .. map (plate 1) .shows. ·that the water .table slopes 
. w.e.stward from. the Sacra.inento .Mountains. One ·to two .miles west of' the moun­
tains the slope .changes to.' a southwestward direction .and continue.s in that 

·.directi.on .beyond the· .area of. the map.. The, steep .. slope .. of the water table 
·.near .the . .mountains .indi.cates that the fill in that area is thin .or has a 
relatively. low per.meabili ty; or both.. However, the relatively gentle slopes 

. ·of the .. water .table . .in the western part of the map area do not indicate 
greater permeabilityo Most of the fill there has a low permeability, and 
the small slope is the reflection of an· increase .. ~n·. thickness "of the aquifer 
which ~utweighs the reduction in permeability • 

. · . ' . . . . . 

The ·pronounced west-tr~nding trough in the southern part of the map 
area represents a natural condJtiori which does not exist'to the north, in 
the ·vicinity of Alamogordo. The trough as represented. by the contours may 
be·rel~ted to the occurrence of deep water levels east of Orogrande, N.Mex., 
which were ~oted by Meinzer (1915,.p. 104); however, the trough may not be 
as pronounced as shown-because the water·level in well 19.10.17.231, the 
principal well making the trough as sharp as shown, is reported. 

. . 
·The detailed water-table contour.map ·of the Boles. area (figure 6) shows 

that in the immediate area of the Boles wells, the water table slopes south­
westward. at rates ranging from 20 to 80 feet per mile. In-the southern part 
of section 18 and the ~orthern part of section 19, shown on the map, there 
is a south-trending trough in the water table. This trough is the result of 
pumping ground water from storage in the older part of the well field during 
the 7 years of well-field operation prior to January 1955. A second, inci-

. paent trough is shown in the southeast corner of sec. 24. This trough is 
·the result of p~ping of wells 16 and 1 T, because wells 33, 34, and 35 were 
not in operation in January 1955. The small nose between the two troughs 
is believed to be related to a hydraulic boundary, a zone of low permeability, 
which. was detected· by means of aquifer tests made in 195.5. 

w'ater-Level Fluctuati6ns 

In most ground-water reservoirs the water available to wells is a 
transient resource, because the water is in constant though. slow· movement 
in the aquifer from the area of recharge to the area of discharge. The 
amount of ground-water storage in a reservoir from which there is only 
natural discharge is essentially constant, over a long period of time be­
cause tl?-e amount~ of water discharged i.s equal· to the aniount of recharge. 

. '. . . . ' . . . In such a ground~~ater reservoir the water table is in a state of dynamic 
~quilibrium. The 'ppsi.tion of the Y!ater-'table' is. governed by the mutual re.~ 
lation$hip of' rech~rge and disqha.rge and the shape and permeability of the 
aquifer. The water :table, however, is nearly alw~ys rising or falling though 
the· amount of ch[nge·,may be minute:o An excess of recharge over discharge 
will cause a water-table rise and a deficiency will cause a declihe. ·simi­
larlyr increased discharge causes & decline and decreased discharge· will 
cause a rise. 

37 



• . .Eluctuations .of. the water level that are due to natural cha.nge s in 
.storage.:. are .. largely seasonal, annual,. or long-term effects. · Change~ i~ 
barometri.c pressure, and diurnal ea'rth tides, cause minor. daily fluctuations 
of water level which are noticeable in artesian reservoirs ·but do: not.repre­
sent. ch~nges in storag~. During the analyses of pumping tests perfo~ed. in' 
the Boles area in .1955 it was found that changes in barometric· pressur-e · 
caused water~level fluctuations of a few hundred.ths of a foot in s'ome. of· the 
wells. The di'l:lrria.l fluct:uations caused by earth tides amounted oni"y to a 
:('ew hundredths of a foe~. · · · · · 

If a well is drilled into the reservoir and is pumped, a new discharge 
is introduced into a system that _.was previously in equilibrium. Such with­
drawals must result in increased··~a~es of recharge, reduced rates of natural 
discparge, a reduc.tion in groi.lnd-wa.ter storage, or ·a combination of these. 
As discusseq previou.sly, pumping in the Boles well field does not increase 
recharge to the aquifer and does not reduce natural discharge from the aquifer. 
Therefore, the water must be extracted from st~rage with a consequent.con-
tinuing lowering of water levels. · 

Watet-Lev~i Fluctuations in the Boles Area 
'•.1 . . ' 

Record~ of ·~~t~~ l~vel f~om the :Soltes. well field prior to Mi:it:ch .1954 
are fragmentary' al:id most level$ ar~ reported:.:." The. earliest accu±-~te meas­
urements made by t~e Geological Survey·were at wells lO:and 33 in.April . 
1952. After ground~water studies were. started in. ~h~ ~~ea, five ~ells were 
used as observatio~ :wells·. during part or all. of the inve~tigation, and four 
of the wells have been measured at b_iinonthly Cir lesser intervals "since 1954 .. 
Water-level measurerne·nts have been. made at letist annually in all the Boles. 
production and unu~ed wells ~nd. in a humber'. of wells adjacent to the well 
field. Depths to water were me~sured in all the test holes drilled in 1954 . 

• 
A steel tape was used for accurate ~easurements in all the exist~ng· weils 
6.nd test holes. 

. . 
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........ Water~level .. measurements for the five wells .used .. as ·observation wells 
,B.re.plotted .. as hydr.ographs .shown in figures.lO, 11, .and 12. Figure 10 · 
shows .fluctuat.ions in .well 17.10.19 .112a (Boles well 25) for t~e .I>erio~. 
March to June 1954, .. as taken from automatic recorder charts. Thi.s period 
s~ans the time when. summertime pumping began in the well field. The hydro­
graph shows that the daily fluctuation of the water level .in the well is 
as much as 5. feet. The daily fluctuations are superimposed on a general 

·. de.cline of water levels, which continued from March into June.· The well 
is in the old part of the Boles well field, where artesian conditions gen-... : 
erally exist. Nearly all th~ daily fluctuations are the result of pumping 
Boles well 10 which is 225 :ree~. to the east;. however, the general decline 
of· the water level is apparently the net effect of pumping all the wells 
in the field. · 

The four hydrographs shown in figures 11 and 12 are the combined re­
sults of both individual tape measurements and automatic recorder operation 
during parts of 1954, 1955, and 1956 on wells ·17.9.24.342 (Boles well 33), 
17.10.18.432a (Boles well 28), 17.10.19.321a. (Boles well 30), and 
17.10.19. 32~a (Boles well 31). , All of the·se wells are. shown on th:~. map 6f 
the well field (figure 6) and are at different locations with respect to · 
dir.ection and distance. ·from production wells. All of the hydrographs show 
that each year the water levels in·the well field recover from the lowest 
le.vels of the previous season ·to the highest annual levels during the period 
from February to April, which is immediately before the beginning of the 
heavy: summertime pumpage. The water levels than decline again through the 
summer pumping season to the lowest seasonal levels at the beginning of 
October, at which time pumping is reduced.· The long-term trend in Wa.ter 
levels· is one of continuous ·decline from year to year and is indicated by 
successively lower·annual high water-levels. For an example, see the hy­
drograph of well 17.10.18.432a in figure 12. The hydrograph shows that the 
annual high water level was 104.6 feet below land surface in 1954, 104.8 
feet in 1955, and 105.7 feet in~ .1956. . Records ·from each of the other three 
wells, shown in figures 11 and 12, indicate.the same\ downward trend, although 
the water-level records for these wells represent a shorter period of time. 
It should be noted that the hydrographs show that the water l,evels in well 
17.10.18.432a were higher in the summer and fall of 1955'than· for the same. 
period in 1954. The higher water levels in 1955 in this well may be the re~ 
sult of reduced pumping in the eastern part of the well field or of re~harge. 
Precipitation in 1955 was about ·normal and recharge may have been greater 
than in the preceding years of drought; however,· it would be very difficult 1 

if not impossible, to distinguish effects of recharge from those of reduced 
ptimping. 

. . . ~ . . . 

The year-to.-year decline of water levels is indicated also by the 4-year 
record of water-level measurements in well 17.9.24.342 (table 14). Declines 
of the water level in·the·well amounted to about a foot per year until 1955 
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when Boles wells 34 and 35 were put into operation. Additional withdrawals 
during 1955 in the v~cinity of well 17.9.24.342 (Boles well 33) ·caused a 
decline of about .4 feet 'in that .area... . .. . . · ... . : ... : .·. 

•,," I' 

Production wells 

· All of the Boles production wells were measured several times during 
the investigation, and most of the measurements. are given in table 16. In 
all cases, the year-to-year measurements in the early-spring show. the pre-· 
valent trend of declines. Measurements in· January 1956 show that the,largest 
decline in ·1955 in the well field was 6.8 feet at Boles well 17' where only 
smal~ declines occurred from yea~ to year previously. The larger declines 
are attributed to heavier pumping·. in· .that part .of the well field .as a re­
sult .of the.completion of Boles wells 34 and 35 ·and the acquisition of Boles 
well 33. In addition to the Boles production wells, several wells on ad~ . 
joining properties have been measured annually, and the measurements show 
that the declines resulting from pumping ~n the well field extend to 2. miles 
or more from the well field, although the magnitude of the effect~ of 
pumping diminish markedly with distance from the wells. 

Original water levels and subsequent declines in the Boles well field 

Records of water levels prior to pumping in the Boles area are either . 
very old or reported .. There are few records of accurate measurements prior. 

··to March 1954. However, the original depths to water and the amount of sub­
sequent declines can be· estimated on the basis of several sources of data. 
Meinzer and Hare (1915) published water-level measurements made during the 
period 1911 to·l912 for several wells in the area. Most pf these wells no 
longer exist, but the locat~ons are known, and the water levels can be com­
pared either to existing wells at the same locations or to the water-table 
contour map in figure 6. The records of depths to water given by Meinzer 
and Hare can be used in a general comparison, because it can be as·sumed that 
the water table under natural conditions did not change appreciably from 1912 
to,l947 .. The record of water levels in Boles well 33 is ·or sufficient length 
that it can be extrapolated backward in time to 1947 and thus provide a basts 
for general comparison at that point. ·The water table at some distance from 
the well field should be.· relatively undisturbed ·bY pumping in the well field. 
A general comparison of water levels can be made by extrapolating the con­
tours on the undisturbed water table into the well.field.- Comparisons of 
~ter levels can be mad·e for shorter periods of time in many of the Boles 
wells by using either measurements reported from the time·of well completion 
or measurements made by the Geological·Survey in two ~ells since 1952. 

Comparison of the various data shows that the maximum water-level de­
cline from 1947 to 1955 is in the center of the older part of the weli 
field in sec. 19 and is on the order of 20 feet •. The amount of decline· 
~t other specific points is less and generally diminishes away from the 
well field. From 1911 to. 1955, the ~ter level apparently declined about 

• 
1~ feet at location 17.9.24.222 (test hole 9). Extrapolation of the record ·~ 
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fr.om well ·17.9.24.342 (Boles-well 33) indicates-that the depth to wa;ter was 
.about· 52 feet. belo1-; land .. surface .in 1947 and that- by 1955 ,the water level 

.... bad .declined .. about 8 feet.at..~t.point .. Records fr.om Meinzer .and Hare show 
.~th&t. the .depth to .. water .was 4~ feet .. at ... location l7.9~25 .111. The pet change 
.. fr.om .1911. to 1955 .. was .... about 5 feet a..t that location. The. earliest recorded 
. water level. in a Boles production well is tha~t reported for well 17.10.19 .12la 
(Boles well 1). When the well was completed in 1947, the water level 'was . 
about 65 feet below land surface; in January 1955 the depth to water was about 
Bo feet in well 10, at the same location, which indicates a net decline of 
about 15 feet at the location. Meinzer and Hare state that in 19~1 the depth 
to water was ·55 feet at location 17 .10.19.311. Interpolation from figure 6 

· shows that the altitude of the water table at the location is about 4,067 
feet. ·The altitude of the·tand surface is about 4,130 ·feet, indicating a 
depth to water of about 63 feet in,.January 1955. The indicated-decline from 
1911 to 1955 is 8 feet and it may be inferred that the decline of water level 
a.t the location from 1947 to 1955 was between 5 and 8 feet • 

. ·. In summary, a knowledge of the water ·levels in the Holloman area is 
important because it aids in determining the areas of recharge and discharge, 
and the direction of movement. Fluctuat-ions of water levels also.indicate 

· changes in storage due to changes in rates of ~echarge and of natural and 
artificial discharge. The depths to water in nearly all of the wells in 
the Holloman area were measured during the investigation. Eight wells in 
the general area, including five in the Boles field, .were measured at bi­
monthly or lesser intervals. The results of the measurements show that the 
water table is essentially stable in th~ we~tern part of the Holloman area 
.where there are no large-capacity wells. In the vicinity of Alamogordo and 
the Boles well field there are seasonal fluctuations due to the.effects of 
pumping during the ·sununer. In the vicinity of Alamogordo, the pumping of 
widely spaced irrigation and industrial wells is causing continUing declines 
of about 1 foot per y.ear. 

In the Boles well field, seasonal wate~·~level fluctuations ~y amount 
to 10 feet or more near the center of the well field •. Wa.te'r levels in the 
~ell field are :;·d.e~lining from year to year. ·The rate of decline has accel­
erated as annual :Pumpage has increased.. The water-level. declines at.· single 
wells have ranged from less than 1 foot per year to 6.8 feet. Although the 
amounts of decli~e for the 7-yea.r period 1947 to 1955 are not precisely_ known, 
on the basis of the foregoing data it appears that the decline in water level 
beneath the Boles well field has ranged from about 20 feet in the older part 
of the well fieid to about 5 feet or less at the edges of the 4-square-mile 
well-field area. Smaller declines·doubtless extend over a larger area. This 
general and continuing decline is the result of Withdrawal by pumpin~ of 
about 2,300.acre-fee~ of water during the 7-year period • 



• . CHEMICAL QtJALITY 
.... 

~ . .. . 

... All natural waters contain varyi~g amounts of mineral matter that have 
been dissolved from the material through which the. waters have moved •. Chem­
ical analyses not only indicate whether the water-is chemictuly suitabl~ for 
various uses but may also provide"valuable information reg~rding the source, 
.movement, and discharge of the water, character of the cont~ining rocks, and 
effects of developmen~. · · · · · · 

.. The mineral matter in solution i~ water is referred to as dissolved 
solids. The most important such ~olids.in most waters are the cations cal-· 
cium, magnesium, and sodium and the ~nions bicarbonate, sulfate, and chloride·. 
In ·a. chemical analysis the concen:tration of each important dissolveQ. canst!-.. 
tuent may be expressed in parts per million, equivalents per million, or 
tons ~er acre-foot. · · 

In ~ analysis in which the concentration of dissolved solids is given 
in ~arts per million (ppm), 1 p~m-equals 1 part, by weight, of the" consti~ 
tuent-~er 1 million parts, by weight, of the water •. The unit "equivalent 

_per million" (epm) is defined as 1 equivalent weight:of an element, ion, or 
· a s~t in 1 million weights of solution. The equivale~t or combining weight 

in gr~s is the weight of an element or compound that Will react with 8 
~ams of oxygen or its equivalent. In other words, the equiyalent weight 
~f a.constituent ~sits molecular weight -divided by its valence. In any 

solution the sum of the anions must equal the sum of the cations in terms 
of equivalents. 

To change an analysis reported in ppm to epm, the concentration in ppm 
of each constituent is divided by its equivalent weight. To change an 
analysis reported in· ep~ to ppm, the concentration in epm of each constituent 
is multiplied by its equivalent weight.· 

~ 

Analyses of water for irrigatfon are sometimes reported in tons per 
acre-foot. Such analyses indicate the amount, ·by weight in tons, of dis­
solved salts in 1 acre-foot (about 326,000 gallons) of water. 

Principal Mineral Constituents of Water · 

A standard chemical analysis of water generally giyes the following 
constituents or ·'characteristics of the water. 

\ 

' \I 

. l . 
. . . 

Silic_a (Si02) · • .. 

.. , 
I 

Silica, which'~s considered to be un-ionized and thus is not reckoned 
in the balance between cations and anions, is dissolved from practically all 

·rocks and usually is present in both surf~ce and ground waters in concen.tra-· 
tions below·60 ppmo It is essentially inert as far.as soils and plants are 

41Joncerned but contributes to the formation of boiler scale. 
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.. " . 

.. I:ro~ . (Fe) 
' . ·~ 

.. 
- Iron is .a common constituent' of mariy ground waters.as it .is di'ssolved 

.from .. many .. ro.ck.s .and soil.s .... Small quanti ties, more than a few tenth~ of a 

.. parts. per. .million., may cause yellow stains on utensils, fixtures, ·and cloth­
ing but usually .can be removed from·: the water by simple treatment,· or pre":" 

· vent~d ~rom precipitating by adding stabilizing compou~ds to the water. 

Calcium ( Ca) ~nd Magnesium (Mg) 

Calcium is dissolved from practically all rocks and magnesium from 
many rocks. Hence, both are .. _ usually present in ground waters. They causE:· 
practically all hardness of.or~inary waters and are largely responsible for 
the formation of boiler seal.~. 

SodiUm (Na) and Potassium (K) 
:!: 

Sodium and potassium also are dissolved-from practically all rocks. 
As the total quantity of the two constituents increases, the proportion 
of sodium to potassilim generally becomes.greater, and the sodium is often 
t~e predominant cation in highly mineralized waters of the western Uni t·ed 
States. Concentrations of less than 50 ppm of sodium and potassium gen­
erally do not affect the usefulness of water for most purposes. Waters 
that contain a large proportion of sodium salts (see "percent sodium") may 
be unsatisfactory for irrigation. 

Bicarbonate (Hco3) ·and Carbonate (co3) 
0 . 

~he presence of.carbon dioxide in water eriables it to· dissolve carbonates 
of calcium and magnesium, producing· bicarbonates. Bicarbonates of those two 
metals are responsible for so-called "temporary" hardness, which is eliminated 
by boiling. Carbonate is not· present in appreciable quantities in mos~ waters; 
bicarbonate is present in almost all waters. '. . 

Sulfate (S04) 

Sulfate is dissolved in large quantities from deposits of gypsum and· 
· sodium sulfate·. It is formed also by the oxidation of sulfides and·, therefore,. 
is sometimes present in considerable quantities in mine waters. According to 
the standards of the u. S. Public Health Service (1946), sulfate _should not 
exceed 250 ppm in waters used on interstate carriers. S~lfate in waters that 
contain much calcium or magnesium·contributes.to so-called permanent hardness, 
which cannot be eliminated by boiling. 

Chlori..de . ( Cl) 

Chlo~ide is dissolved in small. qu~ntities from many rocks and may be 
present in large quantities in waters that·have moved·through sediments of 

·marine origin. Waters containing more than 250 or.300 ppm of chloride tend 
to haye a salty taste and generally are considered undesirable for 4omentic use • 
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Chloride, like sulfate, contributes t~- ·."~e.nii.artent" 
contain large amounts -e.f ··-Ga~cium··Or magnesium. 

• o o o o I :, ' ~ ' lo o ' ' o ' ' o ' I o' • • : '-' • .: : ••l o ~ • ' I ' ~ ~: : 

· · · ·· ·· .. Fluorid~· (F) 
• ~. . ·. . ·. . . ~· : . :· : . . . i . 

hardness. of waters that 

:: .. ·.· ·· .... 

,.Fluori:de ·.oc.curs naturally iri small quanti ties in many .groUnd Wf,lters·. 
Alth6ugh.fluoride. much in excess· of approximately 1!5.ppm may cau~e· staining 
or mottling of the enamel of children's teeth, several recent stud~es have 
indicated that smaller concentrations of fluoride in drinking water tend to 
inhibit tooth decay (u.S. Public Health Service, 1946). .· . 

~ . . ·: . .. . . ·, . ~ . . . . -. . .. 
~ .... ··• ':, I ., 

. Nit.:r~t~ (NO;). 
: .. _., . . . . ~-:· .. ·. t ..... : ~' 

High nitrate concentrations.in water usually indicate contamin~tion 
by sewage, other organic matter, or fertilizer, ~lthough there are instances 
of .natural origin by solution of nitrate-bearing rocks. Studies indicate 
that waters containing more than a certain amount of nitrate. may contribute 
to cyanosis of infants ("blue babies"), and such waters should not be used . 
for mixing·baby formulas. The .amount consid~red dangerous for that purpose 
has not been firmly established, however, water containing iess than 10 ppm 
of ni tra t.e is generally considered s·afe (California· Institute of Technology, 
1942' p .. 301) ~ . ! : . 

· ·Dissolved Solids 

The·residue left after a filtered sample of·water has been evaporated 
and dried at 180°C is weighed and reported· a·s dissolved solids,. in ppm or 
tons per acre-foot. The dissolved solids may be expressed also as the arith­
metical sum of.the determined constituents, the bicarbonate being computed. 
S.s carbonate pecause b~carponate decompose's to carbonate and ~~rboni.c acid 
upon ~vaporat~ori. According to sta~dards !dopted by ~he U. S~. r,ublic Health 
Service; drinking water for use on. interstate ·carriers should·cbntain not 
more than l,OOO.ppm and pref~rably not- more t~~n 500 ppm of dt$solved solids. 
Water·cantaining several thousand ppm of dissolved solids is ti$ed for irriga-
tion and for Wa.tering stock ·in some· areas~· · ·. 't' 

·. { 
''.. 

.. :. aa:r,dness as CadO; 
-. : ~ 

Hardness of water is'easily recognized by the difficulty ~ith which a 
lather is produced with ordinary ·soap· and.qy the precipitate or scale that 
forms in vessel~ in which the water is heated or evaporated. ' . 

~rdness is caused principally by compounds of·calcium. arid mainesium 
s.nd is expres~ed· as the calcium carbonate ·:equivalent of all tn~ hardness­
forming catioris except· sodium and potassium~ ·carbonate hardne~s, caused by 
calcium and m~gnesium bicarbonate, can be'~ost entirely eliminated by 
boiling and is 9ften called "temporary" ha;r'dnes~~ :Noncarbonate.hardness, 
caused mainly by sulfates and chlorides of calcium and magnesiUk, ·cannot be 

• _eliminated by bOiling and is _often, c.alled ;'perinanent':. hardnesS •. Bcith types 
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.. of. hardness. ,produce the .same effect With respect to USe Of ... SOap in W?Lter • 
. .... Hardness can be reduced by zeolite softening and.other processes for domestic 

or indus.trial·use. Hard· water is preferabie to soft water for irrigation. 
. . . . . , .. . . ~ 

. .Water having a total hardness· .of less than 60 ppm is consider~d soft; 
.. -~ter having a hardness of 60 to 120 ppm·is considered moderate~y hard and 

.... is suitable for. most uses except in high-pressure steam boilers and some 
industrial uses; ~ter having.a hardness of more than 200 ppm usually re-.. 
quires treatment to be satisfactory for most uses. · .. -

·~pecific Conductance 

··- . The specific co.nductaiic'e of water is a measure of its ability to con­
duct an electric current·measured under definite conditions. It varies with 
the concentration and degree of ionization of the different minerals in 
solution. The specific conductance is useful in estimating the total con­
centration of dissolve~ solids in a water··when only the specific conductance 
is known. However, the conductance determination does not indicate the 
chemical nature of the dissolved solids. Generally for water in the Boles 
well field, the specific conductance of wate.r in micromhos at ·25.1)C~· multiplied 
by 0.65 is approximately equal to the dissolved solids in ppm. Elsewhere 
in the area the·dissolved solids range from approximately 0.5 of the s.pecific 
conductance where the principal anion is bicarbonate to 0.8 of the specific 
conductance where the water is very saline and chloride is present in large 
q':lantities. 

Percent Sodiuni 

~e percentage of soluble sodium in· a.water, or percent sodium as it 
is commonly known, is determined by dividing the quantity of sodium, ex­
pressed in equivalents per million times 1001 by the sum of the quantities 
of calcium, magnesium, sodium, and p·otassium in the .water, also exPressed 
in equivalents per million as follows: · 

Na 
.. lao.· Ca+Mg+K+Na -all: ·'i·n ·epm 

T~~')percent. sodit.un ~ particUlarly important in classifying water for irriga­
tion. A percent sodium of less than 60 in irt:igation water usually Will not 
cause a deterioration of soil structure. Waters having a higher percent 
sodium may so react with the soil that the soil becomes increasingly less 
~per.meabie, pa~ticularly if other. salts are present in large quantities and 
drainage is poor. 

.Sodium-A.~sorption. Ratio. (SAR) 
... 

• • • • • . ·•• . . .. 1 •. 

The sodi$m~adsorption ratio, or SAR, has been developed as a useful 
.~.'ndex for designating the sodium or ·alkali Hazard of waters used for irri-
gation. ,.,. 



.. ' 

• The sodimn~ad~orp:ion r~tio~ ~~ t~.~~:,i~ o~ N?-~ ~oJ ca++ ~ Mg++ ; ·l;here 

Na+, ca++, and Mg++ represent the .. concen~ratiOt:l iri .milliequivalent~. pe~ l:it'e:r 
.. of. the re~pe.~tive. ion~· •.. waikr.·h~v.·d:-~g·::a .sodi.llin-~dsorption ratio· of less than 

..... ~0 can .be .. .used for irr.igatlon on alrAost all. soils with. little chanc~ .of ·soil 
.. deteri.oration. · .. Water .having a sodium-adsorption ratio of 10 to 18 }Till pr.e­
sent .a.n. appreciable sodium hazard in f.ine-te.xtured soils having higb cation.'":'. 
exchange capacity, espf:!cially_under conditions _of relatively li:ttle leaching 

·by fresh water, unless gypsum is present in the soil. Such w~te:rs may be · .. 
used on coarse-textured or organic soils of good permeability. Water having 
a sodium-adsorption ratio between .18 and 26 -may_. produce harmful levels of· 
exchangeable sodium in most soils and ~11 require special soil man~gement, 
except in gyp~iferous soils •. Wa~er having a sodium-adsorption ratio grea-:ter 
than 26. generally is unsat~sf~ctory.·· for irrigation except. ~t low and perhaps 
medium. salinity. The addition of gypsum may make the use of these .. waters.:. 
feasible. (U. ~· Depto Agr .. , Feb. 1954). ·'· 

Hydrogen-Ion Concentration (pHt) 

. . The hydrogen-ion concentration, expressed as the pH1 or negative 
logarithm of the hydrogen-ion.concentration, of a water indicates its degree 
of acidity or alkalinity. A pH of 7.0 indicates a neutral .water, .whereas 
values lower than 7.0 denote increasing acidity, and values higher than 7.0 
denote increasing alkalinity. The pH of a water indicates' in a general-way 

• 
its corrosive activity toward metal surfaces, and should· be known so that 
proper treatment, if necessary, may be made. Acid waters are very corrosive 
and often contain excessive amounts of other objectionable constituents, 

• 

such as iron. 
\ . 

. ·:Source of Mineralization of Ground Water in the· 

•• 7 •• Vicinity of Holloman Air Force Base 

There are two principal sources of the mineral-content of ground water 
in the area. The first and less important ·source is spring flow. Springs 
issuing B.long the base of the Sacramento Mountain es·ca:rpment from south o_f 
Alamo Canyon south to San Andres Canyon contribute only a negligible quan­
tity of water to the bolson fill. ·Recharge water froin the .·springs is ·already 
about as mineralized· as ground water occurring in the Boles well field. 

The second source of mineralization is the bo~pon' fill through which 
the ground ···;w-a'te'r· moves.- '·The fill was originally derived from the section 
of Paleozoic rocks exposed. in the Sacramento Molliltain escarpment .. · The min.:.. 
eral content of the fill near the escarpment depends to a large extent 
upon the source ~eds from which' it originated.· 'In the large fans radiating 
from the mouths of Alamo and San Andres Canyons, the bolson ~ill contains 
a greater amotlnt of gypsiferous· debri.s ·th~n does that of· the small fans at 
th~ mouths of c~nyons' between the: two larger fans. 'The rocks exposed in .. 

·Alamo and San Ahdres Canyons include the Yeso fo~tion, which contains · 
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.... large, . .amounts of .gyp.sum. and .. smaller amoun~s of other evaporites, whereas 
.the ... r.ocks exposed in the .smaller .canyons, .such .as .Mu;J..e .and .Arrow Canyons, 
.. include ·only .. r.ocks of Pennsylvanian age or oil..der, which contain limestone 
.or.dolomite as the most soluble constituent • 

. When the most . important. source of .recharge, fl.ood ·flow· .from thunder­
.atorms, is .discharge.d·from the mountain canyons and ·is taken into the ground-

, .water . reservoir, the mineral content· of the .water is low. However,. from the 
time water enters the recharge area to the time it is eventually discharged 
from the Tularosa Basin, the ~ound water acquires an increasingly greater 
concentration of dissolved mineral matter. 

The type of.dissolved minerals in th~ water and the mode of accumula­
~ion vary from place to.place With~n the aquifer. In areas where rarge 
amounts of gypsum are ·available the ground water is predominantly:a calcium 
sulfate water. Where limestone debris is t~e principal constituent of the 
fill., the water is usually of the calcium. bicarbonate :type o. This difference 
in the Boles area is illustrated by plate 2. As shown in the plate, water 
entering the bolson fill in the section between Alamo and San Andres Canyons 
acquires relatively little sulfate and remains low in sulfate until it reaches 
a part of the aquifer where gypsiferous sedimen:ts occur in greater concen­
trations. The principal reason for the exis:tence of potable water in the 
Boiles area is that the permeable bolson fill in the area was derived from 
rocks containing relatively few evaporites. In view of the large clay con­
tent of the ground-water reservoir, base exchange probably plays a part in 
determining the quality of the ground water in the Boles are~. 

Near ·the mountains; water levels are deep and the processes of evapora.­
t~on and transpiration play little or no·~. part in determining the ground-water 
quality. However, as the water moves southwestward out into the basin1 the 
depth to water decreases,· and a small amount of .tr~rtspiration. may occur at. a 
distance of 2~ to ~ miles from the mountains, where there is some mesquite 

. growth and the depth to water is 40 feet or less. 

·rn the sam~ zone, about ~ miles west of the mountains, .the quality of 
ground water in the bolson fill is modified by playa deposits, both ancient 
and modern. The quality of the ground water deteriorates rapidly, :Parti­
cularly in the shallower parts of the aquifer. The surficial deposits as 
well as those in the shallow part of the aquifer are abundant in calcareous 
and gypsiferous materials, as shown in the log of test hole T-:3 (17.9.23~:3:33, 
table 11) 1 and the resulting highly mineralized water is illustrated by the 
analyses of water from the test hole (table 19). The rapid accumu~ation of 
mineral matter in. the water is due to the slow movement' of ground water through 
the fine-grafned bolson fill and to downward percolation of mineral matter as 
a· result of occasional heavy precipitation· falling directly on the surfi~ial 
playa deposits and arroyo floods which occasionally reach the lower-slopes 
of the fans. · 

Westward from the zone in which some transpiration may occur, the ground 
water becomes increasingly more highly mineralized. The shallow ground Water 



• ·Quality of Water in the Boles Well-Field Area· 

Within the. overSJ.l area studied ·.th~re. are two smailer areas of ·appreci­
able size in which potable ground water' oc.curs. Orie, the· Boles. area·; ,was .. 
studied in d~tail, and th~ other (plate 1), the center of which is about 
12 miles south-southeast of Boles pumping statiqn, was not studied_in detail 
owing to' its distance from the air base and to the lack of sufficient well 
data. 

'In the. Boles area the potability of ground water can be j~dged by the 
sulfate content alone because the.concentrations of chloride (plate 10) and 
dissolved solids in the water are always within maximum recommended limits 
when the sulfate is below the limit (250.ppm) recommended by the U. s. Public 
Health Service (1946). Water for domestic purposes generally should·not 
contain.more than.250 ppm of sulfate, although water.containing as much as 
500 ppm may be used if nothing better ·is available·. Water for most indus­
trial uses, such as boiler "water, should ·not· exceed about 300 ppm in sulfat·e. ·. 

'·Therefore 300 ppm was selected as the iim·~ t for "potable" water in this area. 
Within the Boles well field the sulfate content of ground water ranges from 
about 200 ppm in well 26 to about 655 ppm in well 14~ Although ·the quality 
of water varies from place :to pla·ce ;in_ the well-fi~ld area (figure 13A) ,· 
the mineral content incr_eas~s ·rather c'o'nsi·~~ently westward, as illustrated 
by figure 13B which is "cross· secti_on A-A''.' .shown o:n plate. 2. · In t[_le cross_ 
section it will be not.ed that the principal increase in anions from east to 

, west is an increase in sulfate o 

• 
· .. These general statements- ()~· th·e·· areai': ¢hange in·: quality. do not- take into 
a.:~count vertical' differences in qtiali ty''·in· the well--field area. The data 
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Figure 13.--.A_. Chemical analyses of water from the shallow zones and the deep zones in several test 
holes drilled in 1954 in vicinity of Boles well field, Otero County, N.Mex. 

B. Mineral content of water from wells 9long line A-· A1 shown on Plate 2. 
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.. fr~ the ten te.st holes .drilled in .the .. ar~a. in 1954 together with those from 
, . a.·few .other wells. for wbic.h::.nata · could .be obtained indicate that th~ water­

bea;ring .. sa.nds in.most parts.of. the Boles area may be divided vertically into 
at least two zones:· . a· deep, thick· zone containing water of good or .fair 
quality; and a shallow, relatively thin zone -.containing water of faj.r to very 
poor quality.· All produc~ion wells in the Boles well field except wells 10 · 
and 14 produce a mixture of water from both zones which is of acceptable 
quality. A1 though the zone of shallow ·mineral-ized water is of ap'preciable 
thickness, its effect upon the quality of water from wells iri the area~· is 
significantly large only locally. For this reason, estimates of the extent 
of potable water in the area· are p.ased upon the potable water in the d.eepe! 
part of the aquifer~ .· .· , '- . 

, In. plate 2 it may be seen' that the body of potable water stored in the 
Boles well-field area is iobe-shaped. The long axis of the body is perpen­
dicular to the regional trend of the water-table contours shown in plate 1, 
that is, parallel to tbe direction of ground-water movement. As shown in 
the figure, the area underlain by water containing 300 ppm or less of sul­
fate is essentially between the edge of the Sacramento Mountafns and the 
contour of 300 ppm sulfate. The area under~ain by water containing 500 ppm· 

··or less of sulfate lies between the contour of. 500 ppm sulfa~e and the edge 
of the mountains. From Alamo Canyon south to Dog Canyon, a ~istance of · 
about 9 miles, about 10 square miles is underlain by ground-.wa.ter containing 
300 ppm.or less of sulfate. Of this area, about 8 square miles is in the 
immediate vicinity of the Bole's well field. In the same 9-mile interval 
th~re is about 25 square miles beneath which the stored ground water contains 
500 ppm or less of sulfate. On the basis of six water samples it appears 
that .in the second area of potable ground water, 12 miles south-southeast 
of the Boles pumping station, there may be from 15 to 20 square miles of 
land underlain by water sui table for domesti.~ consumption. However, data 
available in this area are few, and any proposed development of the area 
should be preceded by test drilling to determine the areal extent, thickness, 
and character of the fresh-water sands. 

The effective boundary between fresh and brackish ground water may be 
taken at the· 500..;ppm sulfate contour shown in plate 2·. However, it must be 
~mph~sized that the size a~d shape of the fresh-water body as shoWn in the 
plat~ are, in general, based on conditions existing.in 1954. As pumping in 
the Boles well field continues, and the radius of influence from pumping 
spreads.outward, the boundaries of the potable-water bo~y will tend to con­
tract. Although the size of the potable-water body will diminish slowly, 
it will continue to diminish as long as pumping cont~nues. · The rate of 
movement of brackish water into the well fieid will· be slow and is related 
to the hydr~ulic characteristics of the aquifer, which are discussed in the 
.section on pumping ~~sts. 

Of more immediate importance.is.the yertical relation of the ground 
waters of various qualities in the well field, because adulteration.from 
~he shallow mineralized zone is well advanced in wells 10 and 14. Ih the 
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Boies area the. water-bearin:g· sands· south. ancf wes.t· of the: .viclni.ty· .of ·test 
holes 9 arid 22 maybe di:Vided into two zones .. ':;. a. relatively thin ~one"P,ear the 
water .table, .. which contains water' .Of "fair to _vecy poor" quality; ·and' a deeper:, 
thick zone containi-ng water of. good to fair ·quality.. Northeastward from test 
''hoies 9, and 22, there is a tendency for the. ground water to· assume the' nor­
mal· order of mi~eralfzation, from· lower "to higher mineral· content \.ii:th depth. '. 

'.o • • ' ' • : 1 4' ; 

·· ·.Evider:i"ce for higher mine~aifzation o.f w8.te·:r in· the shallow ·zone is ... · 
found in several wells both in the well'field and in t~e adjacent areas. ·In. 
ol'der· -\.reils dug .. or drill~d to the first water-bearing sand, the ground· water 
is more highly mineralized than in deep wells in the sanie areas •. For example, 
well 17.9.23.310 was 85 feet deep_ and produced water containing 2,140 ppm of 
dissolved solids. A companion well_, 17.9 .23.310a, was 50 feet deep and pro­
.duced water containing 3,760 PPm. of dissolved solids, or more than half again. 
as much as in the water from 17.9.23.310. Boles well 16 (17.9.25.222) is 217 
feet deep~ Water from the well contains about 500 ppm of dissolved solids 
(table 20) .' Nearby well 17.10.19.111 was dug ·to the water table,· prior to 
1911. Water from this shallow well ~ontafned 1 1 369 ppm of dissolved solids·, 
or nearly three times the amount of dissolved solids in water from well 16. 
Seyeral wate.r samples were bailed· from Boles \.i'ell 5 _in 1948, during the 
drilling of the well·; A water sample taken when the well was 75 feet deep 
(table 20) contained 1,340 ppm of dissolved solids~ There were 1,410 ppm 
of "dissolved solids in a water sample taken whe~ the well was 100 feet deep • 

• 
Well 5 is now approximately 205 feet deep, and since 1948 has produced water 
cqntaining 520 to 570 ppm of dissolved solids. If the older wells could have 
been· dug 10 to 30 feet deeper, the quality of water obtained from them would 
. hav~ _been bet~er. · .. 

The shallow-water samples taken from most of the· ten test .. holes drilled 
in 1954 were more highly mineralized than the deep-water samples (f'ig~ 13 A). 
Shallow-water samples from most of the test holes had a higher nitrate con­
tent than the deep-water sampleso Samples from the holes also showed that 
the difference in mineralizatio~ between .the two zones is pronounced where 
botp zones are highly mineralized. For example, in test.hole 3, water from 
the' shallow zone at a depth of 46 feet contained 11,700 ppm of dissolved 
solids,.whereas water from the deeper. zone;· between 107 and 208 feet, con­
ta~ne~ 3,970 ppm of· dissolved solids. In test.hole 1 the water was less 
mineralized. The shallow zone at a depth of 51 feet yielded water contain­
ing 21 210 ppm of dissolved. solids, and the deeper· zone yielded water con-
taining ~' 270 ppm. of dissolved. solid_s. · 

The reasons for the. differentiation in quality where there are playa· 
deposits.· at or t:lear_ the surface of the plain is easily explained. Precipi­
tation upon, ·or runoff flowing over, the surface of the ground percolates 
downward through the soluble playa deposits, dissolving-and carrying to the 
water table a large amount of mineral matter. However, on the slopes of the 
fans ~n the· Boles well field, _playas do not and.probably·never did exist 
during the formation of ·the present alluvial· fans, and the presence of 

• shallow, mineralized water is less· easily explained. · In view· of the · -.~ 
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generally higher mineral content and the ·higher nitrate content of the shallow 
wat~r westward from the main intake area on the fans, it seems likely th~t the 
shallow ground water represents local r~charge from runoff not aosorbed at 
the edge ·of the mountains.· The ~tgher mineralization of the shallow water 
appears to have resulted from a smaller amount of recharge moving downward 
through less'permeable material, than that in the intake area. The tendency 
toWards a normal vertical order of mineralization of the ground water toward 
Alamo Canyon suggests that differentiation of quality.of water into the two 
zones begins where the stream-laid fan deposits become differentiated into 
strata of. clay, sand; and gravel, and the downward percolation of shallow. 
water is halted by strata of silt and clay. The silt and clay apparently are 
not ·:perfect aquicludes, and ... when the hydrostatic pressure beneath them declines, 
the shallow water eventually ~ains downward into the underlying sands. This 
seems to be taking place at Boles wells 10 and 14. 

Wells 10 and i4 are in the eastern part of th~_Boles well field. They 
yield water which at t!mes is from ·two·to four times as mineralized as that 
'from other wells in the same part of the well field. Well 10 was drilled 
about 4o feet from well 1, ~nd the analyses of water from the ·two wells :pro­
vide a record of changes in quality of water for the entire period of pump­
ing at the location of the two wells (figure 14). The increase in mineral 
content of water from well 14 has been less consistent than that of well 10, 
but greater in proportion to the period of pumping . 

In wells 10 and 14, the evidence for downward migration of the adulter­
ating water is of dual nature~ First, it is known from the analyses of shal­
low waters from wells 17.10.19.111 and 17.10.19.144 (Boles well 5) that highly 
mineralized water exists at shallow depths, and second~ the chemical quality 
of the water from wells 10 and 14 fluctuates with pumpage· in a way that precludes 
upward vertical migration. Parts of the chemical analyses of six water sam-
ples from well 10 have been extracted from table 20 and are given in table 6 

"along with parts of analyses of two samples from well 14. As illustrated by 
the series of analyses of water taken from well 10 during the period September 
20-28, 1951, the water pumped· from the well becomes less mineralized as 
pumping continues during any short-term pumping period. At well 10, a water 
sample was bailed from the water surface in the well on Sept. 20; the pump 
was then installed, and the well pumped continuously from Sept. 24 to Sept. 28, 
a water sample being taken each day~ The progressive changes· in the· quality 
of th.e pumped water indicated that water from the well i.s a mixture from two 
sources, .the shallow zone and the deeper zone. As pumping continued, an in-
creasingly greater proportion of ground'water.was yielded by the deep zone 
containing the better quality of water.· The consistent trend· toward a de­
crease in nitrate content of the :pumped water (table 6) .i& an ·added indica­
tion that the adulterating water is coming from the shallow zone, inasmuch as 
it is common to find the shallowest ground water high in nitrate in many areas 
where mineral sources of nitrate are absent but organic sources exist. 
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Table._. 6. ~--Pa~ti~. result~ of c~emi~ &taiyses of water :from wells 10 .a:nd.-14 Bole's 
well ·field; Otero County, N. Mex., showing relation of quality to length 

_ of pumping -period-. !/. · 

Time since · · . · : · ·1 

Date pumping be~an Sulfate Chloride _- Nitrate -Dis so~ v~d .. 
. · : _ (hours) (so4 ) __ (Cl) . (No

3
) ·. - sol:tds 

Well ·10 · ·· _ . 
Sept. 29-, 1951 0 5I .400 167. 4.9 -·. .. 977 ·-· 
Sept. 24,: 1951 8 360 135 2·.3 .. ·. . .. 873 .... 
Sept . 25, 1951 18 327 . .- 112 - · - -. . 1 . 9 , : . ; 797- · ··. · · 

· Sept. 26, 1951 50 · 322 · · 104- . 1.8 · , .. 774. ··. · · ·:·. 
Sept~ ·27, 1951 72. 305 100 1.8. -: .· ·744 · :~: : ·. ~ : . 
Sept. 28', 1951 100 · 293 ·· 91 · 2.0 ·. : 723 .. · :_; ('. :· 

• :. ·I 

Well · 14 ·. · · · , . · ·· · ~:: ·: ·. 

May 23; 1955 1. 321· . 605 .. . 5 o4 ·- ... 1,4oo \ ;,~: :~: ' 
Aug. 24, 1955 · 1. to 2. · 654 885 :.- ·_: 20 · · '· ~ 2,390:· .-· :.· · · . 

. . .. . ~ . . ·.: 
'--------~~- ____ · -- - -- ---- --- --- -- - - ------ ---

!/. Analyses by U.: ·s ._ Geological Survey. 

'?/: -·Ba~led from water surface in well before·_in.stalling pl.unp-;-.: ·. 
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These data suggest that, as pumping continued, the shallow zone con­
taining highly mineralized water was being dewatered, and the adulterating 
water that had leaked into the deeper zone was being replaced by water of 
better quality. The data also suggest that the permeability of the deeper 
sands is many times. that of the l~aky confining bed. 

The mechanism of adulteration of the deeper aquifer from above is pro­
bably leakage from the shallow to the deeper aquifer through 3. i~aky con·.:. 
fining bed, although it may be movement of water through the pumped well. 
Perhaps .it is both. ..In either case the result is introduction of undesirable, 
highly mineralized water into the sands containing potable water. As the 

·pumping from the deeper zone ... continues over a period of years, water levels 
will decline and the rate. of· adulteration probably will increase. If the 
mechanism is leakage throug~· the confining bed, no correctional measures 
can be taken, because the leakage will continue as long as pumping continues 
to lower pressures in the deeper sands. However, if the contamination is 

· due to movement through the pumped wells, · it may be elimi'nated. by plugging 
the contaminated wells with an impermeable medium such as very thick dri~~ing 
mud, or cement slurry. In view of the present high mineral cont~.nt .of the 
water, Boles well 14 might best be plugged, and well 10 used only as a stand-
by supply. . . 

Only a few data are available ·concerning the quality of ground water 
in consolidated rock.s underlying the bolson fill. Within the study area 
only well 18.8.5.431 passes through the fill and obtains water from con-

. solidated rocks, which are probably part of the Yeso formation. ~ chemical 
analysis (table 21) shows that water from the well contains abo.ut 2,670 ppm 
of chloride and has a specific conductance of 11,700 mi'cromhos. Nearby 
mound springs also are believed to yield water from the consolidated rocks. 
Samples of water from mound ·springs at locations ~7.8.28.312 an~ 18.8.17.412 
had 2,530 ppm and 2,670 ppm of chloride, respectively. Water from spring 
18.8.17.412 had a specific conductance of 11,600 rnicromhos. 

,• 
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~ t. • • ' .• ~ . .. ··.HYDROLOGIC CHARACTERISTICS. OF THE BOLSON FILL ". 
....... · ....... '•:.'· • ·• 

1~ ho : .. . ....... · . .._. . . ... - ..... 

:. ... . : ~ . 

.. . . ID. .. or.der .. to .. provide .a :logi:cal basis for effective future o:per.ation:; .. 
. development, and expansion of the Boles well field it is necess~ry to know 
the' principal hydrologic characteristics of the. bolson-fill aquifer. These 
characteristics are expressed'by ·the coefficient of permeability. and .its . 
p~actical extension~ the coefficient of transmissibility, ·and by· the c<;:>ef·-· . 

. ficient of storage. . 

Owirig to' the· unconsolidated.:·n~ture of the bolson fill and· to· the man­
ner in' wh~ch samples of it .are usually obt'afned from wells, laboratory 
determinations of the hydraulic coefficients of the aquifer usually do not 
accurately reflect the hydraulic characteristics of the fill. For_this. 
reason, the determinations of aquifer coefficients were made by o~erving 
the change's in water levels in wells as· a result 'of pumping one or;' more 
wells in ·the well field. The following discussiqn of the coef~icients and 
their deterrnin~tion is restricted to methods of determination that were 
used in· the Boles area. · · · . · · 

Coefficients of Permeability and Transmissibility 
,. I ~ : 

The' rate at which water can be pumped from a well' is partly' de'pendent 
on the rate at which the aquifer can transmit water toward the well •. The 
field coefficient. of perrneabili ty (Pf) used by the· Geological Survey ex'-· · . 
presses the rate of ground-water transmission through an aquifer in gallons 
per day per square foot (cross section) under a unit hydraulic gradi'ent at 
the prevailing water temperature. A more practical extension of the-field 
coefficient of permeability is the coefficient of transmissibility, which 
is the field coefficient of permeability multiplied by the thickness of the 
aquifer, fn feet. The practicality of using the coefficient of transmi'ssi-. 
bility is that (1) the coefficient expresses flow through a section of di­
mensions practical for computation and easy to visualize, and (2) the coef~ 
ficient, determined from field tests, gives an average rate of ground-water 
transmission even though the thickness of the aquifer is indeterminate. The 
coe+ficient of transmissibility as used by the Geological SurVey expresses 
the amount of water in gallons per day moving through a vertical section of 
the aquifer 1 foot in width under a unit hydiaul~c gradient. Expressed in 
units more closely tied to natural dimensions, the coefficient of transmissi­
bility is the amount of water in gallons per day that· would move through a 
section of the aquifer 1 mile wide under a hydraUlic gradient of 1 foot per 
mile. 

The coefficient of transrnissibi.lity in -the Boles well f-ield was deter-
·~ mined by the use of four methods. Three of the methods are based on the 

Theis nonequilibriurn formula (Theis, 1935), which has been described also 
. by Wenzel (1942) and Brown (1953), and one·· method utilizes Thiem's equili-

•. brium fo~ula (Wenzel, 1942, p. 8~) o .• :. : ,. . . 
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\.. . ;The. nonequilibr.i.um ... for.mul.a .... i.s .. ba.se.d. on ... .'the. f..olloldng .. assumptions : 

• 

: .Jl.) .. the ... wa.ter~bear.ing .... f.ormation i,s. homoge.neous ... and .. isotropi.c, ,.(2) the for-
.. ma.tion .. is .of infinite .. ar.eal. extent,. (·3) .. the .. Q.i.s.charge well penetr~tes the 

entire .thi.ckne.ss .. of. the ... f'ormat.ion, ( 4) the ... .qoeffi.cient of transmis.si bili ty 
is constant .. at all places and at all times,·: (5) the discharge well has an. 
infinitesimal diamet.er, and (6) water taken from. storage is discharged . 
·'instantaneously with the decline in head·~ 

. . ' 

The first method uses the "type curve" solution derived directly from 
the ponequilibrium formula. In Geological Survey units the formula is 

s = 114.6 Q 
T. 

oo· 

·. 1.B7 r 2 .s: 
Tt 

·-u· 
.·.~ du 

in which: s = drawdown, in feet, at any point in the vicinity of a 
discharging well 

: Q ~the· rate of discharge of the well, in gallons per minute 

·T·= coefficient of transmissibility, in gallons per day per foot 

S.= the storage coefficient 

r = the di~tance from the discharging well, in feet 

t = the time since pumping began, in days 

e =the natural-logarithm base (2.7~828) 
. 2 

u ·= · 1 .. 87 r S 
Tt 

It should be noted that T appears on both sides of the integral sign and, 
hence, a direct. solution of the equation is not possible. However, the 
term under the integral .sign is commonly represi9nted by an abbrev:.iation, 
"W(u)", so.that: 

s.= 11~.6 Q w(~) or 

.J 
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1/t for ~- .observation. ~ell or v~rsus r~/ t ... for .. sev:er.a.:L ... observatio~ w:ells . 
is plotted on. logari.thmic .. graph .paper to the ... same .. scaie .as the .type curve. 
If one l>lot is superimposed upon the other so that.: the .. observed 9-ata track 
the· ty.pe .curve··.,wi.th coordinate ... axes .. parallel,, any. common point on the, two 
graphs gives a_value for u and W(u) for the observed ·values of s and 1/t 
o~:r2jt at that point. A value forT can then be computed by substitution 
of. values at a common point on the graphs into the formula for T given 
above. This inethoP: is val1.d only where the drawdown is measured outside 
the casing of the pumped well . , . 

_The method de9cribed above can also be used to computeT from the 
rec.overy of wells after pumping _stops~ Recovery is defined as the dif­
ference at any give~ time betwee·n ~he observed·· water level in the well 
and the pumping level in the'well projected as if pumping had continued. 
All the methods of computation and plotting are the same as describedr 
above, s representing r~covery in_place of drawdown. 

An abbreviated straight-lin~ .solution of the Theis nonequilibrium 
formula permits an approximation of the value of T in the vicinity of 
the pumped ~-~Q.ylre·1ating the length ·of time the ·well was pumped and the 
length of time since pumping stopped to the residual drawdown. Residual 
drawdown at any given time after pumping has stopped is the difference 
between the'observed water.level.in the·well and an extrapolation of the 
prepumping water level • 

The form':lla for computing T from recovery of the :f~Uinped well b.Y the 
straight-line solu~ion is 

T = 264.Q log10 ! 
s t' 

where: s = residual dtawdoW,n 
. i '' 

t = time since pumping began i . 

. t' = t~~ since puinpirtg st;pped ' ' 

Time may be in any ~it, as the term t/t' beco~es dimensionless by cancel-
lation of units. The value o~ lo~0t/t'. is. determined by plotting ~ 
·:· ;:: ::.~.: -:;, :-~; ...... ,: '>;!.,;,_;.:.·.:-.·~: •. (;' .:.< :~>. ·:·-~~~ .. ·~:·: : .. ·~ ·:.'·:.-.~ ~ ... ~·:::-) ··.~.::.;;~~ ... ,~" . . . . . . . : . 

· ve~tsus· t/t' on ·semilogaritrunic .graph pap_~p, using the logarithmic sceJ.e 
for, t/t' and the arithmetic scale for s ·• The :resulting curve theoreti-
cally should be a str~ight line~ The val.ue for . lo~·o t/t' . 

is taken as s. 
the slop~ · of the· straight ·line •.. · rr.ier one log · c:rple, losio t 1 -t , be com~ s _. unit~; · · 

. .A. . : ·; 264 Q ' . . 
s equals ~ ~; and then T = ~ If the line is not str~ight b'ver ~t 
~ . -···· . ·- ~ . .:.. •. . · .. · , :~ .. ·. . . s . ;· . . 
least a' suostantial part of the plot, the method cannot be used • 
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The coefficient of transmissibility can be computed also from observa­
tions of the rate of recovery of the water level after a well has b~en pumped 
at several different rates, as during a step-pumping test. For exampl~~ for 
a two.-step test in which the well has been pumped for equal intervars at dif-
fere'nt rates, without shutting down: · · · 

·where: 

't + t' t + t' 
T· = 264 (q. log . 1 + 0 _ log 2 t, ) 

s 1 t2 + t' -~ 

s = residual drawdown at the pumped wel~ 
T =.coefficient of transmissibility, in gallons per day per foot 

ql = discharge of well, in gallons per minute, during the first step 

. ~ ~ discharge of well, in gallons per. minute, during the .second step 
t = time ·since pumping started of the step indicated by the subscript 

to the time that pumping stopped. · · 
t·' = time since· pumpfng stopped 

Th~ values of s are plotted on linear graph paper against the· values of 
the term in brackets for each particular time after pumping stopped. These 
points should theoretically fall along a straight line.· By selecting two 
·points on the line and dividing the difference in the two values of the term 
in l>i·ackets at tho'se points by the difference in the two values of. s at those. 
two points and multiplying the quotient by 264, a value for the· coefficient 
of transmissibility is obtained. The same procedure applies to a computation 
of the coefficient of transmissibility from the recovery after any number of· 
pumping steps--an additional term in brackets being added for each additional 
pumping step. Thus: 

t' + t'. t + t' t + t' 
T . 26~ ( 1 1 1 2 1 n ~ 

= s ql og t
2 

+ t' + % .og t
3 

+ t 1 +------+ ·~ og. t 1 J 

It should be noted that conditions found in the aquifer rarely meet all 
the assumptions on which the Theis formula is based. Unconsolida~ed deposits 
of the type found in the Holloman area usually depart far from the assumpti.ons, 
an~ the coefficient of transmissibility determined through the use of observa­
tion:wells may be very erroneous, exqept for use in computing short-term pump­
ing effects, as in locating ne~rby hydraulic boundaries: In general, the v.alue 
for T is most easily determined from the recovery of water levels in the pumped 
well~ 

A fourth method of obtaining the coefficient of transmiss~~~lity is by 
means of the Thiem formula.· ~is formula is an "equilibrium" formula and does 
not take time into account but assumes that the cone of 'depression resulting 
from pumping develops uniformly so that the rate qf decline at all points on 
the cone is uniform. ·The formula modified to obtain T in Geological Survey 
~its is 

527.~ 7 Q log r 2. 

rl 
T = -· ------------s - s2 '1 
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• whe:re: 

.~ ··~ .. 

·T =- the coefficient· of ~ransmissibfli~y 

Q-= the rate of discharge of the_pum~ed well,· in gpm 

r 1 = distance to the near observation well, in feet 
. . 

r 2 =-· distance to,,the far ob.pervation _well,. in feet 

~1 ·= .drawdown in the n~ar observation well, in feet, at a given 
· time t 

s ·· ·= drawdown in the far obse~:vation well, in ~.et, at the same ....... 
·'t,.2 

time as for s
1

. · · 

In applying the formula, it must be assUmed that the cone of depression is 
developin~ uniformly in the vicinity of the. two observation well~. Mo~eover, 
it is ne.cessary that the pumping be continued long enough that water is no 
longer being yielded by compaction of the ~quifer in the vicinity of the ob-

: .servation wells but is flowing through the aquifer from beyond the observa­
~ tfon we.lls. It also appears desirable that the tw9 observation wells be 
suffic~ently far apart to establish a good value. for the average slope of 
the we. ter table-.. : " · · . . . ·. 

·Coefficient of Storage 

• A second important characteristic of an aquifer is expressed by the 
coefficient of storage. The present definition of. the .coefficient of storage, 
s, as used by the Qeologi.cal Survey., is the volume· of water an aquifer .re­
·leases or takes into storage per unit surface' area of tbe_aquifer per unit 
change in the component of head normal. to tqat surface. The voltime o~ 
wat.er .. cited in<:tne definition is measured outside the aquifer under atmos:-:· ... ..;~:.:~ · 

... pheri.c pressure, _not under pressure in the· aquifer. The coefficient of 
storage is dimensionless, because it :is .. the ·volume: of water (in cubic feet, 
for example) released from or added to ~he. aquifer divided by the product 
q.·.t . .-:;t·.h.e change in head (in feet) causing t:h_e· ch_ange in storage and the 
cross-s~ctional area (in· square -~eet) or the aquifer surface over· which 
the change in head occurs. · ' 

In an artesian aquifer, the entire aquifer is .filled with wat~r. Any. 
water released from .or takeri~ into storage :ca·n be attr~buted t6 the qom~ 
pression or expansion of the aquifer. and., t·o a_ small. extent, of the_ water. 
In the artesian or confined aquifer any change in pre$sure· acts normal to .,.,.~ 
tp_e confining _bed_s and- the defini tiori of the coeff_icient of storage is . 
satisfied. In a well tapping the aquifer ,-'r:,chap,ges::.in.··.d~j;>th to water are 
a reflection of .changes in pressure in the aquifer. Coefficients of stor­
age of artesian aquifers generally range f:rom about.O.OOOOl to about O_.?Ol. 

The defini tiori. of the coefficient ·of ·storage also applies to uncon_-·. 
fined aqpifers· containing water under water-table cond:i. tions·, although con-

• 
: .~i tions in s'l:l:ch· :~.quifers····are .· some\.T.h~t::dif~er~ht_. ·. tn·~a: .·wa.t·e!--!tal;>le:_.. aquifer: a 

· p~rt. of the water _rel~B:sed from or taken into ·ftorage either drains from 

t"". 
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voids, or .fills pr.eviously wif.ille,ci ::voids, in the aquifer. .Usually, the 
amount. of .water released. or stored .. by .. ;.such .draining .or filling is so much 

. gre.ater than that. attributed to .the. compres-sibility of.· the. aquifer t)lat 
in :water~tabl.e .. .aquifers the -amount ··of water .stored .by .compression· is con­
sidered to be. negligible. In true water-table. aquifers the coe·rr;tcient of 
storage is practically equal to the specific yield, differing frqm it only 
by.being a little .greater because of the compressibility effect, and gen-
erally ranges from about 0.01 to about o.;o. . ... 

The coefficient of storage of an aquifer may be determined by use of 
the t~e-curve·solution of the Theis nonequil~brium formula. It was noted 
prev~ously that: 

1
_87 r2S 

. u = Tt.~·· 

and, ~y transposition,. 
. ~ :· 

8 ~: .uT~ 
1.87 ~2 

In the ~ethod of d~termining the value of T by means of the type~curve 
solution, the means of determi~ing u and W(u) are described. After the 
value of T has been computed, subs~i ttition,··of the ·field values for r and 
t and the computed values for T. and li into the formula given above will 
giv~ a value for S • 

Values-of the coefficient of storage determined from drawdowns in ob­
servat~on wells in a.water-table aquife~ should be used with caution, 
particularly if the length of the pumping period is short. Coefficients 
of storage obtained.from such tests are generally vSlid for computing . 
short-ter.m pumping effects but cannot be applied to long periods of with-· 
drawal. For computing long-term pumping effects the specifi~ yield of the 
~quif~r, if it differs from the coefficient of storage. determined· .in short·, 
_tests, ·should be ·used. 

The specific yield of an aquifer is the volume of water that will drain 
by gravity from a given volume of the. saturated aquifer, and generally is 
expressed as a percentage. It can be seen that the.degree .. of sorting, 
which determines the porosity, and the size. of openings govern the specific 
yield. 

The porosity of an ~quifer is the total pore space between the grains 
of the aquifer sediments, expressed as a percentage of the aquifer volume. 
In fine•grained sediments the p9rosity generally is high, but the pores 

. are very small and the grains very close together. In coarse-grained 
sediments the porosity generally is loWer, but the pores·are larger. If 
an a~uifer is drained, a. certain amount of water is retained by molecular 
attraction against the force of gravity as a thin film around each grain 
and as a "ring" around. the points of coptact between adjacent grains. 
There~ore, the specific yield eq~als the porosity less the· specific reten~. 
tion, each expressed as a percentage. Fine-grained aquifers have high 
specific retention and low specific yields. This is the.general condition 
in the Boles w.ell field. · 
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·.Time is ~n. impo;r.tant factor. .in .. dete.:z,nining the. value. of specif.ic yield. 
u~.on lowering' the ~ater. level in a water~table' aquifer; ~ given amo\mt ~f 
water. is released ~ost imniediately. Howevef., . drainage from the :p~rtially 
·dewatered part of ~he ·aquifer will .. c.ontinue at an ever diminis~ing :rate~ 
The length of time required for complete drainage· depends on the gra~n $ize 
and de,g'ree of sor~ing of th~ aquifer.· sediments. ·coars~-grained. ~edtlnents 
will.drain in a·comparatively short time. Fine-grained sediment~·m~ght con­
tinue .. to drain over a period of several years. · Therefore, in an .aquifer 
similar to that underlying the Boles area, an accurate value for·the speci­
fic yield might not be obtained until the ·sediments. had drained for :perhaps 
ye·ars. 

The :most accurate .method of·~de~ermining the specific yield of,~n ~q~ifer 
;ls by a C!Oll).parison of the volume of· water pump~d from the aquifer to the :;· :-.~ 

.. amqunt of ~quifer unwatered, :but the method is accurate only if all the 
pump~d wat1r comes from storage., The volume of ·water pumped in th~ Boles 
a~¢a is ea ily determined, because. records of annual Pumpage are re~atively 
compl~te .. The amount of aquifer dewatered as a result of pumping c~nnot· .. 
l?e. ·'estimated for th~ period prior to 1954, bec~use a sufricient n~b'er of · 

... a..c.c.urate wate.r-level measurements in the well· fie_ld ·are not availab~e. ::'.H:ow­
ev.er,_'Uis method can be applied in the future because a series of accurate 
water-level measurements was started d~ing the field investigations in 1954. 

• 
· ·A. second, less accurate method of determining specific yield i's based 

on the fact that the ·coefficient of storage of an aquifer approaches the 
specific yield, as the time of pumping from the aquifer ~ncreases. If it 
cauld, ·be -.~ssume.d that pumping of one or· more wells continued over a very 
long.leriod' o'f time: and the observation well. was ~t a comparatively gre~t 
dist.~nce from the pumped·"wells relative to their sp~cing, the pumped wells 
c.ould be treated as a single point of discharge ·from the aquifer, and any 
effect of shutting down pumping for short periods of time would be negligib~e 
compared ~o the longer period of pumpingo Boles well 33 is the one well in' 
the Bol~s well field for which accurate water-level measurements are availaple 
.for a per.iod of several years. An ~stimate of ~he· specific yield of the bol­
son-fill 'aquifer is based on the decline of water levels in well 33 as ~ re-
sul~ of pumping the well field from April 195,2 ~o February 1954a · · 

~~.:~-.1\quif"er. Tests in the Boles Well Field 

~ ~eries of pumping tests was run in the well field to determine the 
hydrologic character'istic.s of the bolson-fill aquifer. One test was run in 

.May 1954 in connection with the chemical treatment of well 28 and two·tests 
were"run in the summer of 1954. One test was run in early January 1955 as 
a part of .. .:the 1954 test-drilling program; other tests ·were run conseput~~ely 
during the· pe,riod from January 24 to Feb'ruary 28, 1955, and in April and 
May 1955 ~ · ...... , __ 

General conditions duri.ng each test are described in the following 

.. _.,... 
.. ll 

·• sections on the i~di vidual ·wells. .·However, severa.J_ conditions common to th.e )r..: · 
. tests run from January to February) 1955 are given here ··to avo~d repetition. 
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To .. assure that the ... water levels in the well field .... were .as .near to ".static" 
.. lev.el ... as possible, .. .all .. pumping .... wa,.s · .. stq.ppe.d.. on .. Jan'4a.ry 14 ,. 12 .. days before 
.. testing ... b.egan .•.... During .... the .12-d.ay .. period.,...measur.eni.ents :.of. .. :4epth: tq .. water 

.. were-. .ma.de .. inte.r.mi ttently. .. at .all well.s. in: the ... area ... The .recovery period · 
....... _f.ollowing .... pumpmg; ~as .. at .. least.,.as ~long.. as. the .pumping .period, .. and water 

levels .. were ... .measure.d .by , .. means o:f .. automatic rec-orders .. where: possible. No 
two wells.wer.e .. pumped .at .the: same time. During the tests at wells 10, ·15, 
17,.. .and~ 26, .the. water was pumped into the storage tank at the Boles booster 
station.· The water level in the storage tank was difficult .to control and 
changes in head 'in the tank caused chanses in the rate of discharge· of.the 
wells at times. The water levels measured in all observation wells cited 
in the following sections on individual tests were corrected as much as 
poss'ible for barometric fluc;:tuations. The basis of correction was ·records 
from a microbarograph operate~ .. at the booster station during the tests .. 
Testing began in the eastern part of the well field and ended in_the western 
part, and observations continued in the weste~n part of the well field for 
15 days.after test pumping stopped. On February 16 and'l7,· wells in the 
_eastern part of the well field·were pumped to supply water to Holloman Air 
Force Base at the same time that well 17 was being·test.pumped. Howev~r, it 
is believed that this pumping had no effect on testing in .the. western part 
of the well field, owing to _the distance between.the two areas. 

In the following discussions of individual wells, only the pumped 
wells are listed, and the effects of the pumping on water levels in ob­
servation wells used during the respective tests are discussed together 
with the effects at the pumped wells. The tests are arranged in chrono­
togical: prder. 

Test pumping of well 28 was a p~rt of the procedure used to evaluate· 
the results of chemical treatment of the .well. On May 12, 1954, the well 
~as pumped about 7 hours at an average rate of·52 gpm. The discharge was 
measured by means of an orifice plate in the .. di.scharge pipe, and the 
depth to water was measured with a steel tape. ·wate.r..:-olevel. measurements 
were made in a cleanout pipe installed ln the gravel envelope·, c::m.tside. the. well 
casing.. The water .. level was 186.6 feet below the measuring point at the 
end of .the pumping period and recovered to 107.9 feet about 6~ hours after 
pumping stopped. The coefficient of transmissibility indicated by.a semi­
logarithmic plot of recovery data was about 1 1 350 gpd per foot. The low 
permeability ·of the bolson fill in the vicinity of well 28 illustr~tes the 
heterogeneity of the 'fill. Production wells· have been· ... _developed both .. east 
and west of the well, 'indicating.that there are areas· of higher permeability 
on both sides of the ar1ea of low perme~bili ty. ·Figure 15 shows test data 
from well 28 .. 

Well 26 

One of the first aquifer te.st s in the Boles well field was made at 
well 26. The well was pumped for nearly 130 hours from July 26 to 31, 1954~ 
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.~lle.av:er.age .. .rate .. o:f. ... C!.+scha.r.ge ... wa.s 1-76 .gpm.r .. determined .by mea.n.s ... of .. .a total-
.i.zing .. me.ter ... ih the .line ·.be.t-ween ... the ... well. .. and the .. s:tor.a.ge .. tank .•.. All _measure- . 

.. ment.s ... of depth. to ... water .. :w:ere .. .made .. with .. .a,. ... s·te·el .. tape ... in.~a cleanout J.-ine in· 
, . .the.~gra.vel envelo.pe outside. the .... casing.. The . water. level before. pumping 
.... b.ega.n. was .. 1.o8.9 .. f.eet .. below .the .. measuring .. point. The :w:ater .level. Q.eclined 

to·l67.0 feet by the end of the·pumping period and recovered to about 109. 
feet 96 hours after pumping stopped. · 

Figure 16 shows the d~pth to . wa t.er in well. 26 during the pumping and 
recovery periods and the rate of discharge during the pumping period. Figure 
17 shows the matching of· observed data ·to the type curve for analysis by 
means of the Theis· formula. Altp.ough the nonequilibri·um formula generally 
cannot be applied to data from the ~umped well to determine both. T and s, 
it could be used at well 26 owing to the fact that the Water levels were 
measured outside the casing, providing a measurable. radius and· eli~inating 
the effects of sci~een losses.. · b 

The coeffici~nt ·of transmissibility for the drawdown and recovery 
limbs. of the curv~ are 4,480 and 4,690 .gpd per foot, respectively. Estimates 
of the apparent coefficient of storage based·on ~stimated effective.radii of 
the well of 0.625 'and 1 foot amount ·to 0.0031 and 0.0012, respectively, at . 
the end of about 1 hour. w 

• 
In figure 17 it will be noted_that only the very earliest obser,ved · 

·data trAck the type curve and that the-observed dat~ depa~t. from the type 
~urve in a manner indicating that more water. is being made ·available to-

• 

the ·well than would be the case if the T were consistent and other factors 
remained constant. Inspection of the·.data on a semilogarithmic plot shows 
that the departure is a continuous variation. The estimated value of the 
coefficient of storl;ige shows that ·the ··aquifer. contains Wa. ter under. ·a.rte sian 
pressure un4er nonpumping conditions. H9weve~, tqe confining beds ~re i~­
perfect seals, and when wate.r is w1 t!;ldr~wn ~ro~ the aquif.er the drop of· 
pressure within the aqui'fer induces leakage through the confining .beds. 
As the rate of le~kage is related in part to the·decrease ih pressure 
w1 thin the aquifer' it can be : seen that the cont~nuou~ de'parture cr! the 
observed'data f~om the type curve is a reflection of an increasing r:ate 6r 
leakage w1 th an increasing drop in internal· aquifer pressu:re;. 

Well 28, at a distance of '!:,.370· feet, was. used ·as an observation well 
~j.uring the test at well 26. . There was no measuraple diawdown at well 28 
~s a result of p~ping well 26. The·· absence of aXawdow_n in well 28 is the 
result of the lovi permeability of .. the formatibh at well 28. However, if 

. the pumping of well 26 ·had caused··' only :o.o1· foot of drawdown at well 28' by 
the time pumping .stopped,_. the coeffici.ent of ?torage at well 28 woUld· be in 
the orde·r of 0 .00;1., using a value of 1, 350 gpd per foot for the coefficient 
of transmissibility o •· · i · • 

. . _'I( 
. . Weli 3:3 · . ' · ,

3 
(i .·.i ' . : .j i . l 

Well 33 was tested September 7 1' 1954, by :Pumping for aoout 5. h6urJ 
and Observing the r~te_ O'!-' reco:very of the water level. The .equipment USed 
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for the. test was ~ deep-well turbine. ·equiP,ped with .an orifice, and a· 20 ·hp, 
one-cylinder gasoline. engine with a ~elt drive to the pump. Owing to p<:;>or 

· carburetion the motor stopped after about-half an hour of pumping,. and could 
not be started again.for about 20 minutes. The average rate of discharge 
during the test was 186 gpm. The depths: to water were measured with a·steel 
tape throughout the test. The water level prior·to PU:IDPing was 63.6 feet 
below the ~easuring point. The water level had declined to·72.4 feet at the 
end of 'the test, and had recovered to about 64.7 .feet 5. hours' after pumping 
stopped . 

. ·Figure 18 shows water levels and the rate:· of pump~ng during the test 
at well 33 and a semilogarithmic plot of the recovery of the water level in 
the well. The term 

. tl .·.:'t2 ... 
·-X-

t'.i·· ·t'2 ' 
is.an adjustment for the effect of the interruption in the pumping period· 
.when the motor stopped. • Analysis of the .curve by means of the Theis re­
covery formula indicates that the coefficient of transmissibility of the 
aquifer adjacent to well 33 is about 20,000 gpd. per foot. This figure is 
comparable to that obtained from the pumping· of well 17, and indicates the 
comparatively high.permeability of the aquifer in the western part of the 
well field. · · 

Test hole 1 

In the test~drilling program ·in the Boles well field area in 1954, 
provisions were made for casing and test pumping one.test hole. Test hol~ 
7 was selected on the basis of sand content .of the drill. cuttings, loca­
tion with reference to the well field, and.the quality of water from the 
test hole. In January 1955, the test hole was cased to 302 feet below 
land surface, and the casing was· perforated at selected zon~s with an ag­
gregate of ·50 feet of perforations.· The well was developed by surging with 
a surge block and .bY bailing for a specific period. of time. After the pump· 
was set, a·6-hour step pumping test was ~n, in increments of 2 hours· each 
at steps of approximately·75, 100, and 125 gpm consecutively. The prepumping 
water leyel· was 59.3 feet below the m~·asuring point. The water level declined 
to 77.5 feet at the end of the first.step, 87.5 feet at the end of. these­
cond step, and to 110.5 feet at ~he end of the third step. 'Measurements 
of water levels below 80 .feet were made with air line and gage,· and the re­
mainder were made with a steel tape. The rate of discharge was measured with 
an· orifice. 

An attempt ~s· made to increase ·the.pump1ng ~~te from 100 gpm to 150 
gpm·between.the second and third steps; however, it was found that the a~ount 
of drawdown was excessive, and the rate of discharge was reduced to 125 gpm. 
The recovering water levels were a~alyzed in the same manner as the data 
from well 35, using the method of analysis of step-pumping tests.· Water 
levels measured during the test~ the rate of discharge during the 'pumping 
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• period, and the arithmetic plcit Or aOalytical data are shown iil.fiigute 19. 
The data indicate a.cCJ$fficient of transmissibility of abou~ 4,900 gpp,· per 
foot in the viclni ty of test hole 7. This figure is .. about equal to that 

· determined in the old part. of the well field. It will be· noted tba t the 
well could produce no more thari about 125 gpm. It is 'believed. that. the . 

. low yield.is the result in part of both an insufficient amount of p~rfo:.. 
rated casing ~nd an inad~quate dev~lopment period ... 

Well·lO 

Well 10 was p~ped for 48 hours from· January 26 to January ~8, 1955. 
The average rate of discharge was 156 gpm, mea~ured by means of·a total~ 
!zing m~ter in the line from the .:'-!ell to 'the s~orage tank. Antecedent 
and·most recoveri;ng water levels _were measured with a steel· tape, and 
pumping-lev~l measurements were made with an air-line and dtrect-reading 
gage. The water level prior to pumping was 81.9 feet below the measuring 
point. At the end . of the 48-hour pumping period the water level had de­
clined to 131.5 feet. Forty-eight hours after pumping stopped;· the water 
leve·l had recovered to about 84 feet. 

Figure 20 shows the depth to water during the 'pumping and recovery · 
periods of the test at well 10 and the rate of discharge during the pumping 
period. Figure 21 shows a semilogari thmic plot of residual drawdown ve·rsus 
t/t' . By applying the straight-line solution of the Theis recovery method, 

~value~ for T from the recovery of well 10 range~ from 4,3oo to. 5,600 gpd 
~er foot; ~he average is estimated to be abo~t 4,500 gpd per foo~. 

Pumping of well 10 resulted in measurable drawdowns at a distance of 
about 1 1 500 feet south of the well in 48 hours. Al~hough water levels were 
measured in several observation wells, ·only two wells had drawdowns of suf-, 
ficient ·ma·gni tude for use in computing the aquifer coefficients. · The pump­
ing of well 10 for 48 hours caused a drawdown of 8 ~ 93 feet in we'li 25, which 
is 225. feet southwest of well 10. Figure 22 shows the drawdown and recover­
ing water levels in well 25 during the test of well 10. Figure 22 also 
shows the Theis type-curve analysis-of the drawdown limb of the curve. The 
departure of the measured drawdown from the type curve indicates a probabl~ 
hydraulic boundary. The coefficient of transm:Lssibili ty of the a_quifer in- · 
di~ated by.the type-curve solution of the ~awdown curve is 11,900 gpd per 
fo9t~ A similar analysis for the recovery limb of.the curve gives a value 

. of 10 1~00 gpd per foot. The values- for the apparent coefficient of·stqrage 
indicated by the type-curve analyses of the drawdown and recovery limbs· of 
the curve.are 0.00034 and 0.00043, respectively, at the end of about 4 hours. 

t!:' 

The pumping of well ,.10 for 48 ho'l.\I:'s resulte.d in a drawd9wn: ... of.::.1 ... 15:~ 
feet in well 2, which is about 727 feet south of well 10. Figure.23 shows 
the drawdown and recovering water levels in well 2 during the test at well 10·. 
Figure 23 also shows the· Theis type-curve analysis of the drawdown limb of 
the curve. As in the case· of well 25, there _is a departure of the observed 

'Pl\ . UJ' 

data from the type curve,; indicating the presence of a hydraulic boundary in ·) 
.the aquffer. Values for:~ and s, dete~ined from the· type-curve solution, ; : 

are 63,800. gpd per foot_ and 0.0079, respectively. . 
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Figure 22.--A. Changes in water level in well 25 during aquifer tests at wells 10 
- and 15, Boles well field, Otero Cou·nty, N.Mex. ··· · 

B. Logarithmic plot of drawdown of water level in well 25, resulting 
from pumping well 10. · 
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The values for the coefficient ·of storage obtained from the two ob­
servation wells indicate that the aquifer.in the vicinity of well 10 con­
tains ·.water under artesian conditions. The values· for the coeff-icient . 
of.transmissibility obtained from the observation wells ·are 2 to 15 times 
that obtained from. the pumped well and should not b.e used for computation 
of long-term pumping effects. 

Using Thiem's formula for the test at well 10 and using wells 2 and 
25 as observation wells for a pumping time· of about 48 hours, the computed 
value of T was 4,900 gpd per foot. ··In a similar computation for the ·test 
at well 10 and using we~ls .2 and.l5 as observation wells, a coefficient of 
'transmissibility of about 2, 700 gpd per ·foot is obtained.· 

:Well 15 

Well 15 was pumped for 48 hours from January 31 to February 2, 1955. 
The average rate of discharge was· 246 gpm, measured by means of a total- · 
izing meter in the line between the well ·a.nd the storage tank. ,Antecedent 
and most recovery water-level measurements were ·made with a steel tape~ 
Pumping-level measurements were made with an air-line and direct-reading 
gage. The water level prior to pumping was .81.5 feet below the measuring 
point. At the end of the 48-hour pumping period the water level had de­
clined to 195 feet. Forty-eight hours.after pumping stopped, ·the water 
level had ·recovered to about 84 feet. 

~ Figure 24 shows the depth to water in well 15 during the pumping and 
recovery periods and the rate of discharge of well 15 during the pumping 
period. Figure 25 shows the computation of ~he coefficient of transmisr 

· sibility by means of the straight-line solution. of the Theis nonequilibrium 
formula. The coefficient of transmissibility in the vicinity of well 15· 
ranges from. about 2,700 gpd per foot to.about 5,400 gpd per foot. 

Drawdown in the aquifer as a result of pumping well 15 was determined 
by means. of water-level measurements in wells 2 1 51 141 25 1 and ;o. All 
of these wells had drawdowns which, upon analysis, yielded coefficients . 
of transmissibility 3 to 10 times greater than the values obtained at'wells 
10 and 15. Coefficients of storage obtained from the observation wells in­
dicate artesian conditions in the vicinity of well 15 and the observation 
wells. Type-curve· analyses of data from wells 2 (figure 23) and 30 indicate 
the existe~ce. of a hydraulic boundary:. 

By applying Thiem's formula to drawdowns in wells 2 and 25, and to 
drawdowns in wells 2 and 30, "\li:l.lues forT amounting to 8,600.and 6,200 gpd 

·per foot, respectively,-.were obtained. 

·:Well 17 

Well 17 was pumped for 72 hours from February 4 to February 7, 1955. 
The average rate of discharge was 395 gpm, measured by means of a total­
izing meter in the line between the well and the storage· tank. All water 
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levels before, during, and after pumping were measured with a steel tape, 
with a minimum accuracy of .. o .1 f.oot·. The ~ater level prior to pumping was 
66.5 feet below the measuring point. At the end of 72 hours of· pumping · · 
the 'Water_level had d~clined to 109.7 feet, and at:ter about 72 hours of re-. 
covery the water ~evel was about 71 feet~ 

Figure 26 shows the depth to .water in well 17 during the pumping ~nd 
rec.overy periods and the rate of discharge while pumping. Figure 27 is a. 
semilogarithmic plot of recovery data using Theis' recovery formula. Al­
though-the line is not uniformly straight,. it indicates a 'coefficient ,of 
transmissibility in the order 15,000 g:pd per foot following initial reco~ery. 

While well 17 was pumped,. welis·· 16 _and 33 were· used for observation 
wells. There was no recognizable d.rawdown· at _either wel.l as a result of 
pumping well 17. However, the approximate minimum value of the-coefficient 
of storage could be estimated. If the pumping of well 17 for 3 days had 
caused 6.01 foot drawdown at well 33, 2,180 feet from the pumped well, ·and 
the coefficient of transmissibility at well-33 was in the order of 15,000 
to 201 000 g:pd per foot, then the apparent coefficient of storage would be 
approximately 0.025. 

Well 17 sub.sequently was pumped for 12_ days from February 15 to 
February 27, 1955. The average rate of discharge was 377 gpm. The re­
sultant drawciown in well 33 amounted to 0.18 foot-. For a ·coefficient of 
transmissibility of 15,000 gpd per foot, the indicated coeffici~nt of 
storage is 0.04. 

The test at_well 17 indicates that a large part of the bolson fill in 
the vicinity of wells 17 and 33 contains water under water-table cond~tions 
at present, and the water-bearing fill in this area is considerably more 
permeable than that in the eastern part of the_ well field. 

Well 32 

The test.at 'well 32 consisted of pumping the well for 24 hours from 
Fepruary 10 t~ 111 1955 ~ The average rate 9f discharge .was 102 .gpm,. ·meas- · 
ured by Iheans of ~n orifice. Antecedent and most recov~ry water· ·l.evels : 
were measured ~'i th a steel tape," "titl.d; "pumping ievets were measur~~ ... with art 
air-line· and dii'ect-readi~g gage. : The depth, to water "·prior to :P\UUping was 
69 .~- feet below the measuring point~ At the.· end of the pumping period the 
~ter level had declined to'·121· feet-; 24 hours after ptimping stopped,~ the 
water level had recovered to about. 70"•5 fe'et. :. . . ·. . . ;·. 

·•• .• . .. . '· . • . . . .1.• • .... . 

F.igure 2e. shows ·water ievel~: ~h~, fate. of·.;~ilinpi~g ~~ring the:.l~st ·at 
well 32 .. and a p~ot of .recovering Wa.ter level-S i'n ·_the. veil.· Anal~sis of 
figure 28 indi6ates that the .COefficient ·Of. transmissibility· of ~he for­
mation in the vicinity of well 32_ is about i,5bO·gpd per foot. 

. .... 

J). 

":.. ..... 
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. ~ell 16, which is 585 feet west of well 32, was used as an observation 
well during the test . The water level in. well 16 de.clined 0 . 9 foot as .a 
result of pumping well 32 for 24 hours. ~he coeffi~ients of transmis$ibility 
and storage obtained at well 16 were 24,300 and 0.0027, respectively~. The 

··:value obtained for T at well 16. is abnormally .high and is not considered to 
··be· accurate .. 

These data indicate that the permeability of the aquifer around wells · 
32 and 16 is low and that the ground water in the aquifer is under artesian 
pre~sure under nonpumping conditions·. 

·.Well 34 

Well 34, the first·of two new wells drilled in the spring of 1955, 
.. was completed in April.. · The well was cased to a depth of 255 feet below 
land surface with 10-inch casing which was perforated from 26 to 2·55 feet 
below land surfaceo The· well was· developed by surging an~ _pumping for a 
period of 9 days~ A gr~at deal of fine- sand was removed from the well 
during the development period. 

· On April 29, 1955, a step-pumping test of the well was made during 
a 14-hour period, which consisted of three·steps of 4 hours each and a 
final step of 2 hours. During the test the pump was operated at rates 
of discharge of about 150, 200, 250, and 300 gpm. The prepumping water 
level was 64.5 feet below the measuring point. The water level while the 

·well was being pumped deciined to 97.1 feet at the end of the first step, 
:. '11.0. 4 feet at the end of the second step, 128.3 feet at the: end of the . 
. third step, and 144.8 feet at the end of the fourth step. The water level 

recovered to 70.6 feet about 2 hours after pumping stopped. 

The data obtained during the test were not adequate for obtaining a 
value for the coeff~cient of transmissibility of the aquifer. However, 
the performance of the well indicates that the coefficient of transmis­
sibility is at least as great as that·measured in the old or. eastern part 
of the well field. 

. i 

·.Well 35. . :. 

. . . ~ 

Well 35, the seqond of two wells ~illed in the .Boles. well field in 
the. spring of 1955, )VB.$ completed early in May. The well was drill~~ to 
a depth of 280 feet, but was cased to only 236 feet below land surface. 
The 10-inch casing was perforated from 60 to 236 feet below land sutface. 
Development of the.well was accomplisted by (1} 6 ho~rs of surging ~ith 
a close-fitting surg~ block and bailing,· (2) treatment _With 100 pourids1 of 
sodium hexam~taphosp!ia.te mixed with wate~. in th~ well·while the puriip_was 
being set, arid (3) intermitt~nt p~ping and surging f.or'a,period of ·t days. 

A 30-hour· step-pumping test of vieil 35 was ·$tarted on May 23, i~55, 
and'consisted of five successive ·steps, each of 6 hours* duration. ·During 
the test the pump was operated at rates of discharge of 250, 300, 350~ 4oo, 
and 450 gpm, respectivelyo The deep pumping.level during the last step 

67 



. ' .,_ 

•• 

• 

. :·:· 

··'~ -.:· . .-· 

\ . 

caused the rate of discharge. to d~~line ·to- an·. aver.age. of ~ll gpm · fo'r the step. 
The depth to water prior to pumping was 72.7 ~eet below the measuring, point. 
During the pumping period the water level· declined to 93.5 feet ~t the end · 

'l. . . 

of the first step, 99.1 feet at the end of: the second step, 105.9 feet a~ the 
end of the third step, 114.6 feet at the end' of the fourth step, a~d about 141 
feet at the end of the fifth step. The water level recovered to about 74.7 
feet 2~ hours after pumping stopped. .· 

. The data.from the test at well 35 were analyz~d by means of the exten­
slon of the Theis nonequilibrium formula for step-pumping tests. The water 
levels during the test, the discharge of.the well during the pumping period; 
and the arithmetic plot of analytical data_ are show. in figure 29··. The. test 
data indicate a coefficient of transmissib-ility of about 11,700 gpd per fobt 
for the aquifer ·around· the. pl.unped well •. This figure is commenst¢ate with .the . -~_-:_ 
values obtained at wells 17 and'33 and is a further indication of the rela­
tively high permeability of the aquifer in ··the vicinity of those wells·. 

Specific Capacities· of Wells 

A measure of the capacity of a well to yield. ~ter is·exp~essed.by th~ 
forniUla: 

sc = s 
s .•. 

where SC is the :~pecific cap~city, in gpm per foot of drawqown>··Q· .is ·.the:· .. 
rate· of .discharge from the well, in gpm, and s is the drawdown of the water 
level in the well, in feet. Wi.th certain· limitations, wells may be compared, . 
one with another, by comparing their speci-fic capac! ties. The specific capa­
cities of most of the Boles .wells and of the two Town of Alamogordo wells . 
nearby are given in table 7. ·' · 

. Specific cap~cities should not be compare~ ~nd~scriminately. It is 
necessary to take into account the length .of time and the rate at which 
the well has been pumped when the specific.' cap~city :hs determined .. When 
pumping begins, the water level in the well declines very rapidly, and if 
the rate of discharge is' held constant, ·the rate of decline generally will 
diminish as the pumping period lengthens. Therefore, the specific capacity 
of a well diminishes at a decreasing rate as the drawdown increases and 
should not be determined until the well has been pumped for a relatively 
long period of time and the rate of· deciin~ is slow. Owing to the change 
in specific caPf.ci ty with time and·· drawdpwn,. the. specific_ cap~.ci ties of two 
wells ideally should not. be compared unles:s th~ pumping periods are of ap­
proximately equal length. To compare two welis, .it is also desirable to. 
have specific capacities for various pumping periods. For example, in table 
7, it may be seen that wells 10 and 26 yield 3.3 and 3.1 gpm per foot of 
drawdown, ·respectively, at the end of 24 hours of pumping, put at the end 
of 48 hours the specific· capacities were 2.9 and :;.1,:.~respectively. The 
concept of specific capacity varying Wit~_time _is illustrated ih f~gure. :;o. 
Note in the figure that the short-time specific capacit~es may be as much as 
twice as great as the long-time values. · · · ' 
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'2 1955 - lSJ.' - ... 1.8y - - - -. , 1955 - lZT . .. - 1.7 y - - - . 
10 JaD. 1955 ~ 156 5·7 4.6 '·9 '·' ,.1 2.9 4,-'00 

.. 10 ·1955· - 1la9 - - .2~2 y - - - -
15 JaD. 1955 lt8 .:'·2la6 ~-1' 4.2 ,.a 2.7 2.5 2.2 5,~ 

1955 2~ 2.8 y 15 .. - - - - - - -'' 

16 1955 .. ~ - - 1., !I .. - - . 
·. 

17 :reb. 1955 72 m 1,.4 12.2 ll.6 10.5 ~o~-0.0 9.6 15,000 
17 1955 - ':51 - .. 9·1 y - - - . 
26 ~19~ 150' 176 '~5 '·' '·' ,.l. ,.1 ,.1 4,48o 

. 26 . 1955 - -17~ - - '·' y - - - -
~ J'e'b. 1955 24 1~ ' 2.6 2., . 2.2 2.1 - - 1,500 
,; - Sept. 19Sll 5 186 22 - - - - - 20,100 

: 
1955 »7 IJ.2.2 }/ '' - .. - - - - -,. Apr. 1955 14 16o 4.7 - - - - - -,. 1955 - 220 - - 4., !I - - - .. 

·» Ma7 1955 30 265 12·.9 - - ' - - - ll,700 

'5 1955 - 292 - - 9·9'!/ - - - -
17·9·:55-242 Dee. 1954 14 1,076 16.2 15.8 15.8 - - - .. 

(Tow ot Alamo- ' . 
• ar4o DO. 1) 

1.7·9·'5-~ Bov. 1954 ~ 720 .. - - 8.6 6.9 - -
(Town ot AJ..amo-
Sorclo DO. 2) 

~ 

!/ . A"YerBBt specific capacity canputed trcm 8\IIIIZier'time vell. field operation recorcla. Wells 
. producins at operational rates. All other 12-hour values Claterm1.necl dvins atu1ter 

testa in v1Dtertille. · 
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•• . . It ... !.s .. readily. .apparent tha.t one _of __ the main factors regtilatir:>.g the 
specific capacity of a well is the coefficient of transmissibility of the 
~quifer around the well. Conversely, the specific capacity of a well can 

...... be· .used to estimate the· permeability of the aquifer, but there are sources 
. of·. error which do riot permit an- -.exact correlation~ . In the eastern. part of 

.<the Boles well field, where relatively low coefficients of transmissibility 
we:re ·ind.icated by aquifer tests, the specific capac! ties of wells range · 
from 1.3 to about 3.3 gpm per foot of drawdown·. ·In the western part of' the 
well field, specific capac! ties range from about 4 .·3. to more·,;.than. 12 ~2 gpm 

:~per foot of drawdown. In.the latter area, "the coefficients of transmis­
sibility were .found to be 1 to 4 times greater .than ·in the eastern part-of 

• 

the well field . . .· . . .. , 

Some of the other factors influencing. speci-fic capac! ty ·are usually 
grouped under ~he general term "well losses". These losses inc],.ude fric-
t.ion loss from water passing through the screen· into the· well. Such loss 
may be caused ~y insufficient amounts of screen, screen pl~gging by en­
crustation, or improper screen installation. In addition to.friction 
losses, there are Well losses which·may be attributed tq turbulence at.the 
well face, the entrainment of air in the discharged water caused.by water · .. 
falling fro~ the screen to the water surface in th~ wel.l, ·and the· instal­
lation of oversized pumps. With reference.to the_size of pumps used, it 
might be pointed out that the specific capac! ty of a well i.s par_tly de­
pendent on the rate of pumping. Specific· capacities tend to be lower at 
high rates of pumping, principally because·well .losses are greater at · 
higher rates of pumping. · .. · · ·' · · 

The remaining factors influencing .the. spec.ific c~pacity of a well ·are 
those relating to conditions iri. the aquifer~ . If an.' aquifer is pumped at . 
a given rate th~ water level around the w~ll declines at a predictable rate, 
and th~ specific capacity will assume ·a relatively· stable value.. However, 
if the rate of pumping or the length of"pumping period i"s such that the. 
water level declines to the extent tb.S.t a large part of the' aqu_ife~ is ... de­
water'ed, the drawdown may increase again and ·the specific . capac! ty continue 
to diminish, perhaps abruptly. Often t.be ·specific ·capac! ty of a well may 
vary with the season of the year, ··depending on how much pumping of nearby 
wells takes place seasonally. During the summe.r, increas'ed draft on the 
aquifer may lower nonpumping levels, which in turnreduces yields by re­
ducing the saturated thickness of the· aquifer. In ·addition, mutual inter­
ference between pumping wells.· fncreas~s . the drawdown and consequently lowers 
the value for specific capacity. Evidence of-~his dffference in seasonal 
values for specific capacity ·may be found. in. table 7. In the table, the 
12-hour values of specific capacity obtained during the wintertime aquifer 
tests are substantially higher than the 12-hour values.computed from summer­
time pumping records. 

..·.~ 

. ~- . 
In summary, the specific capacity of a w~ll is a useful tool if used 

.:f) 

judiciously_. It may be used as a general "indication of the permeability 
• of the aquifer, and as an indication of.the c~mparative performances of two -~. 
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or more wel~s •.. However; the specific capacity should not be u~ed witho~t 
reference to the time at whi~h the value was determined and tae rate at 
VPfch-~he well was pumped. It should_be recognized that the ~valu~ of 
specific capacity :i,.s influenced by. m~n~r factors and therefore cannot be 
used as an absolute_ figure··_:for any well. In table 7 the data given were 
ob~aine~ from aquifer te~t-~ Jn. ~~e _weli. fieid. and were computed f~om re­
ported· well-field ·operat1.on records· for. the summer- of 1955. ·· 

. . . . . -· . . . . ... .. ~· : - '· . . . . . 

·suinmary' of 'Hydr-ologic Chara"cte~istics. of the Boisen Fill 

.---~------In. the ~oles well fleld·, the results ·of S:quifer tests have revealed 
that the'. bol$on fill" in and· around· the well field does riot have a· 1uniform 
permeability~ In general the aquifer becomes more permeable, and therefore 
h.B.s a higher ~oeffi-~ient · of·:·transmissibili ty, ·westward aWa.y from the moun..: 
tains. It appears that there iLlso may be a n·orthwa.rd trend of increasing 
pe~ea~i~~~Y in the.wes~ern part of the well field. 

· Aquifer tests· ·in ~he eastern part pf· th_e well fie;t..d show that a hy­
drauli.c boundary exi~ts west of wells 2, 10, and 15 1 and east of well .35, 
which_tr~nds northward and roughly parallels the range line between.Rs~ 9 
and ·10 E. The hydraulic boundary represents ·either a zone of low perme- · 
ability or a thinning of the water~bearing formation. In view of the· pre-· 
dOlllinant clay content of the. formation encountered by Boles well 7,· it. 
appears :that l~w permeabiii ty probably causes the hydraulic-houndar.y effect·. 
The presence of the boundary is substantiated by the nose or downslope 
bulge· on contours in the detailed water-table contour map shown in. figure 6. 
The contours also substantia~e the·conQlusion that there. are areas of ' 
highe_r ·permeability both ea·st and west of the nose, because the ·co~ tours 
show troughs in those areas. 

Table 8 gives- a summary of the values for· the coefficients of trans­
missibility and storage obtained from aquifer t~sts in the Boles well 
field.· It may be seen that the values for the coefficient of transmis­
sibility of the aquifer vary considerably from well to well. Examples 
are well~ 26 and 281 which.are _in an area where the average coefficient 
of transmissibility probably is about 4;ooo·to 4,500 gpd per' foot.: The 
variation of values is the result of the irregular nature of sedimentation . 
in the bolson fill, both vertically and laterally. The trend toward· 
higher coefficients of "tr-ansmissibility in the _western part of the well 
field is superimposed on the ·local variability, and 'reflects the increasing 
differentiation or sorting of the fill-with distance from the mountains. 
It should be noted that wells 2 and 25 are observation wells, and the 
aquifer coefficients given for them are not believed to be accurate~ They 
are included only as examples of the results obtained from water-level 
measurement~ at observation wells. 

Values for the coe-fficient of transmissibility in the Boles well field 
range from about 4,000 gpd per foot in the eastern part of the well field 
through a low value of 1 1 000 to 21 000 ~pd per foot in the area of the ... _ · 
hydraulic boundary to about 20,000 gpd per foot in well .3.3 in the north­
western part of the well fiel~. 

: ·11 



• The coefficient of'storage and ~he specific. yield.of the aquifer in 
the area of the .Boles well field were not obtained directly from the. aquifer 
tests. Those values for the coefficient of .storage obtained from the ·. . 
aquifer tests show that the ground water in the ea·stern part of the well 
fiel~as far west as well 16, is stored ~der artesian conditions. In that 
area the coefficient of storage was found to be in the order of .0 .001 or· ... ·­
less. In the area where s, the coeffi.cient of .storage, was estimated to 
be greater than o ... Q.l., from the vicinity of well 35 westward· to wells 34 
and ,;, ground water is stored under water-table conditions. However, the 
valu~s -for the coefficient of storage given in table 8 were determined from 
short tests and are not believed to be as reliable as values which· could 
be obtained from long-term re~o~~s of pumpage and water-level measurements~ 

.' 

In order to determine· the c.oefficient of storage of the· sediments over 
a long period of time, the t+end of water levels in Well 33 was related to · 
to the pumpage from the Boles well field. Well 33 is the only well in the. 
area having a long record.of Water-level measUrements. Although well 33 
is presently integrated into the water system, it was relatively unused . 
prior to 1955. Owing to the relatively grea~ distance of well 33 from the 
eastern part of the. well field, the older group of wells was treated as a 
single well discharging at a constant rate of 253 gpm in 1952 and 246 gpm 
in 1953, for the period April 1952 to February 1954. The center of pumping 
was 4,200 feet east-southeastward from we!l 33. Well 17 was treated se-

• 
parat~ly ~ecause it.is only 2,180.feet from w~ll 33 and is·south ~f. well ~3. 

. In 1953 the amount of water pumped from well 17 ·was equivalent to ~··constant 
rate of discharge .of: 139 gpm. ·In the perio'd . .A.pril i95:2 .tp Februacy 1954 . 

• 

the water level iq. well 33 declined 2.5 feet a~ an overall result)!>f the 
pumping. The aquif~r tests reveaied .that the coeffj..cient of tran~fuissibility 
(T) is about 20,000 gpd per foot at well 33, ·aBout 15,000 at well .. l1 and about · 
5,000 in the eastern part of the well fie·ld. ·By averag\ing the valti~ of T . 
at well 33 with each of the vaiues of T· at well 17 and at the center of 
pumping of the older wells, using a drawdown of 2.5 feet at·well 33~ and 
using various values for the storage coefficient, (s), it was found that s, 
in the well field, amounted to about 0 .085. This value is assUmed· to ap·-· 
p~oximate the specific yield of the bo~son.fill in the area.· In view of 
the fact.that the fill is predominantly .fine;..grained, an average specific 
yield of 0.085 appears to be the right order of magnitude. and has been · 

. I . . . ' I 

us~d . for computing the effects ·of fut.ure pumping. · · 

'· 
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Table 8.--Summary of aquif~r coefficients determined from tests 
in Boles well ~ield, Otero Co~ty, N. Mex. % 

' c.o~ff.~cien~ of Coefficient Limb 

I 
.Type. 

. Well I . .· .~rans- · . ·of· .. of :of , Pumped 
number I ~isstbility· storage ~~rve analysis· w:ell 

• 

0 

: • 0 ( SlJd/ ft ) 
• 0. .. 

2·- I 63,800 O .. Op19 Drawd,.own Type curve 10 
2 

0 •. 
•" 

0 0 

60,000 .00089 do. ··do. 15 .. 
., 

10 4,500 - R~~avery 1 T;heis recovery 10 
: .. ·' 

. t-5~: 
0. 

5,360 
. · .. do. do .. 15 ,-

.. .. ... 

17-··. 15,000 - do. . do •. .17 
. . . . .. 

..oo;4 25. i~,.900 Drawdown Type curve 10 
.· .25 ° 10,800 

. 
.. OOQ43. Re.covery. ! do. 10 : 

I 

., 

... 

~6 !I 4,480' to • 0 

26 .0012 Drawdown do. 
.. 

0. 

2~ 
., 

32 
.·;; 
35 : 

T-7 

.0031 
.. 0 

1;370 ·~001 El ~.covery 

1 

Theis recovery 28, 26 
~ ' 

1,500 - do. do. 32 
0 20,100 . >~04 ::/· 0 

L .. 33 .. do, •. do •. 

.11,700. - do .. Extended Theis 35 .. 
recovery 

4,900 - do. do. T-7' 

• 0 

!/ · Water levels measured outside casing. Qoefficient of storage 
· est-imated. 

~ E~timated from test at weil 26. 

£1. Estimated fro~ test at well 17. 

0 0 
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.. · .. P!FFECTS. OF PuMPING 

·necline of W~ter Levels 

. :: .···.: ·!•:. :-Pumping ·in:.the:·.Boles·::,w~i field ·has ··resulted,.:.in'-:water~·l·eve~/declines,· 
and declines will con:tinue as ptunping continues •. Comparison of the var·i.ous 
data indicates that the maximum·decline in the center of the older part ·of 
the well field is on the or.der of about 20 feet •. ·rhree-·eighths._ df. a mile 
south of well 16,·the water level has declined between 5 and·8 feet. At 
well 33, the decline of the water level over the 8-year .period of pump.ing 
may have been as much as 8 feet. 

If the hydrologic characteristics of an aquifer are known ~nd the 
aquifer substantially satisfies the assumptions of the.Theis nonequilibrium 
formula, the effects of a well or wells discharging from th~t aquifer can 
be computed with a reasonable degree of accuracy. The heterogeneity of the 
aquifer in the Boles well field is such that the· aquifer does not satisfy 
the assumptions of the Theis equation. ·However, to demonstrate the probable 
order of magnitude of future declines in the well field, a hypothetical ob­
servation well was located near the physical' c·enter of' the well field at 
location' 1,7.10.19.114, and the water:-level decline.was computed on ·the· as­
sumption that the aquifer conformed to the idealized conditions. In ad­
dition to the basic ass~ptions of the Theis theo~y, it was necessary to 

• 
make several simplifying assumptions which are (1) on!'y the 1~ production 
wells existing in 1955 were considered as pumping, (2) each well.was ptimped 
continuously at a rate based on (a) the rated yield of the well, (b) the 
percentage of that yield in the total capacity of the well field, which . 

~amounted to about 2,275 gpm in 1955, and (c) the assumed daily rate of ~otal 
well-field pumping, (3) the coefficient of transmissibility at the hypo·'"!_ ... ·.·.: 
thetical observation well was 4,500 gpd per foot, (4) the coefficients 
at the observation well and at each pumped well were averaged, and (5) the 
coefficient of storage was a uniform 0.085 throughout the well field.. Table 
9 shows the declines that would theoretical~y occur in the observation well 
for periods of 5·, 10, and 20 years for three rates of total well-field 
pumping. 

It would be expected that under normal operating procedure the various 
·.wells would be pumped intermittently at greater rates. Continuous ·pumping 

at the lower rates would have much the· same ~ffect as intermittent pumpi.ng 
at·the higher rates. More important, neither the local hydraulic boundary 
'nor the poundary ·at the base of the adjacent ·mountains was taken into a'c...; 
count in the computations because of the complexity of·analysis. 

The declines shown in table 9 are .not intende~ to be used as absolute 
values. However, it fs .believed they do show the order of magnitude of de-. 
clines tpat may be.expected. The three assumed rate¢ o~ well-field pr~duc~ 
tion were used to demonstrate the relative ef_fe. cts of (1) possible re'duct~on 
of pumping through the use of water from Bonito Lake, (2) continuat~on of 

~ pumping at about the ~955 rate, and (3) a sl~ght increase in productio~. 
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Table 9.--Maximum.probable drawdowns in a theoretical observation 
. well at l()GB_.tion .. l7 .• 10 .19.114 in Boles well field, 

Years· 

5 
5' 

~ 
. , ··lO 

10 
.. 10 

.20 

20:· 
• I 

26" 

· Otero C_ounty; . rr .. Mex., under certain simplifying 
··~sstimptio~~- .~ · '.. · ... 

~ 

: 

·: ·· .:·_._Ave~~ge :·rate. of 
,.· w~li field j;nimping · · 

..... . :· .. :.~· ,;:'·~ :~·· .(mg~). . . .. 

· ..... _.o·.6o · 

.. • 

-75 
i.OO 

.·' .60 

. : • 75 .· 
. 1.00 

..60 

·75 
1.00'. 

Decline 
.· _·(feet) 

19. 

25 

. 33 

25 

31 

41 

30 
,a· 

..50 

.. 

In order to demonstrate furthe~ the probab~e effects of future pumping, 
the theoretical radius of the cone of depression around the well field was 
computed for pumping periods of 5, 10, and 20 years. In order to make the 
computatio.ns it was necessa:ry to assume that (1) the bolson fill ·has an aver­
age coefficie;1t of transmissibility of 10,000 gpd per foot, (2) the coef­
ficient of storage of the .fill is 0.085, and (3) the 11 production wells are 
pumped continuously at the rates used in computing the drawdowns shown· in 
table 9. ' 

The results of the computations show that if the aquifer were uniform 
in permeability the gross effect of ·pumping in the Boles well field would 
·produce a drawdown of 0.01 foot at a distance ·3 miles west of U • S. Highway 
54 in 5 years, 5 miles. west of the highway in 10 years, and 7 miles in 20 
years. The drawdown of 0.01 foot would exterid northward to the i-nters~ction 
o~.u .. s.' H~ghways 70 and 54 in 5 years, to the south edge of Alamogordo in 
10 year~, and to the north edge· of Alamogordo in 20 years. · 

Although a drawdown"of 0.01 foot would "indicate the measurable edge 
of the cone of depression, a de~line of-this magnitude would not create. a 
significant change in the direction of slope of the water table. ·rn order 
to show.how the probable effects of pumping might affect the direction of 
slope of the water 'table, the·d~stances.to 1 ·foot of decline. were computed 
for pumping periods of 5, 10, and ·20 years~ The computations involved the. 
same ~sslimptions used in. com:Euting·_.the: theor~tical .radi:~s· of the cone C?f 
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depre~sion. The results of computation shqw that 5·years· of pumping of the 
well field could result in a drawdown of.l foot at a distance of about a 
mile or more from the west edge of the well _field. The pumping of well 17· 
aioni.could create in 5 years a decline of 1 foot at a distance of about 
one-Half mile west of the well field. The decline would be increasingly 
greater toward the well fieldo At th~ end of 20 years of pumping of the 
well field, a decline of 1 foot could occur at a distance of 3 miles or 
more west and nor~h of the ~~11 field. A decline of 1 foot would not creat~ 
a significant hydraulic gradient toward· t!_le well fi_eld. 

In summary, the future eff~cts of pumping on water levels in and near 
the Boles well· field can be forecast within limits using available data. 
Estimates of the effec.ts have been· made and are based on several asstimptions. 
These estimates are not firm figures but are made only to demonstrate the 
order of magnitude of declines of the water table that may occur. Pumping 
of the well field may create a cone of depression with a depth in the center 
of the field ranging from about 20 to 30 feet in 5 years to about 30 to 50 
feet in 20 years, depending on the rate of pumping._ Measurable decline of 
the wate.r table could occur at distances ranging from about 3 ·miles in 5 
years to about 7 miles in 20 yearso Declines of s~gnificant magnitude 
(1 foot or. more) may develop 1 mile or more from the·we~l fieid in 5 years, 
and 3 miles or more in 20 years • 

. Encr:oachmerit of Saline, Waters .. 

There are:two sources from. which ·saline wa~~r c~n migrate to the. pro~ 
duction wells as a consequence of heavy pumping'in the Boles w~ll f~eld. 
The first and largest .sour.ce is the saline·water body in the aquife* north, 
northwe~t:, and west of the w~ll field; the second is :the shallO\f. gr~urtd.­
water body in the well field itself. 

! . 0 

i 

Of the two sources, the shallo~-water body in the well field pdse~ 
the most i~ediate pro~iem,, sinq:e-.adulteratiori: from tbB.t sourc~ is ~lready 
evident:in wells 10 an~ 14. Considering the changes in chemical cb4racter 
of gro.Und water from the two weils, it is believed that the adUlter~tion 
is the result of downward migration of' the-. shallow ground watef thrdlugh 

. I , . · . I · 

beds of· slightly perme~ble silt and clay •. ~he sh~llow ground .water is of 
poor quality to begin Vfth, and pas~age thrbugh the clays incre~ses;its'' 
min~ral content and crili.nge~ its chemical character. If downward migrat.ion. · 
is the major cau~e of increasing salinity in the.two wells,·little c;an qe· 
done td remedy':the con9-ition other than to ~?tb:p pumping the two wells. :r;t 
is possible that·wells·lo·and 14 might be usable for. the practice of 
arti~icial reclJ?.rge o · · · · · · 

·Encroachm~ni of saline ~ter :from the: -~~rth, northwest, arid we~t. into 
the well f.ield .. :.probably will ocbur .eventu~liy. The length of ~ime for 
encroachment into the well field dependslargely'.upon the ~xtent to which 
measures are t~k~n to retard the encroachment. ·Reducing the ra~e of pumping 
in sees. 24 and 25, To 17 S., R. 9.E., .loc~ting new wells to the south-
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southeast, rotating the pumping among the wells, and possibly artificially 
recharging the aquifer in the western·· part of the present well field would 
undoubtedly retard the rate of saline encroachment . 

. . BY january 1955, saline-water:en6roachment .into the well field from 
the north and west ·had .not been detected·. Plate 2 shows that ground water 
containing 500 ppm or more of sulfate .exi'sted. not more than half a. mile . 
west-northwest qf well 33. Figure 6 shows.th~t the slope of the water table 
in the vicinity of well 33 .in. January 1955 was toward the southwest, and 
that 'the slope 0~ the wate~ table t~roughout most Of·the well field is 
generally. toward the south. The slope of the water table indicates that 
in January 1955 saline water was moving to~rd the well field orily from 
the north. However; it is ~lmost certain that encrqachffient will also 
occur from. th~ northwe~t ~ In· t·he foregoing. section on water-level de­
clines resulting from future. pumping, it was estimated that a decline of 
l foot or more may extend 1 mile or more northwest of the well. field in. 
5· yea~s. Thus, declines may occur in a p~rt.of the bolson-fill aquifer 
which contains 500 to 1 1 000 ppm of Sulfates, and the hydraulic gradient· 
developed in that part of the aquifer would be sufficient to begin the 
process of encroachment. When the· sal'ine water begins to move ·toward the 
well field from the northwest,. that is, when· the water-table ·slope changes 
to a south eastward direction, and when saline water from the north reaches . 
the well field, the encroachment into the well field will be indicated by 
an increase in mineralization that may.occur rather abruptly . 

. . 
. · It would be desirable to track the movement of saline water prior to 

encroachment into the well field. To achieve this end, at least three 
quality-of-water observation wells at locations between the saline-wat.er 
body and the well field would be necessary. Of the three, one could be 
an existing privately owned stoc~ well, 17.9.25.111. The other two wells 
possibly· could be provided by rehabilitating test holes 8 and 9, w;hich 
were plugged without casing. A schedule of semiannual wa.ter sampling .. 
should be established for these outpost wells. In addition to obtaining 
water samples regularly, it is advisable to maintain a program of accurate 
water·-level measurements .in the well-field area on at least an annual bas:i.s, 
in order to ha~e a continuing record of the shape and direction.of slope of 
the water table .. 

.. \. 
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• . LOCATION AND SPACING OF FUTURE 'WELLS 

In the Boles area the selection of future production-well sit~s in­
volves not only locating the most productive· ~eas wit~ respect tQ quantity 
but also locating· the areas where pumping of potable water will/cause the 
.least movement of saline-water toward the ~rea of the ~ells. Unfortunately, 
the ~reas described are not coextensive. In the preceding section on hy·­
drologic characteristics of the bolson fill, it was pointed out,that the 
most permeable area in the Bole$ well field is the western part of the field 
in sees. 24 and 25, T. 17 s., R. 9 E. On the basis of the reports concern­
ing the two Town of Alamogordo w~lls in .sec. 35, the most pe~eable area 
.extends westward and southwestward,into that section. This most permeable 

• · area is immediately adjace·nt ·to and partly in areas known to be underlain 
by saline ground wate.r. . On the other hand, the eastern part of the well· 

· ... field in sees. 18 and 19, T. 17 S.; R. 10 E., is an area of low to moderate 
permeability but is an area underlain by potable ground water. 

• 
The bolson fill appears to be most permeable. in the first 100 to. 250· 

feet below land surface. These more permeable deposits appear.to thicken 
northward and eastward, toward the Alamo Canyon· fan, .and southWa.rd, toward 
the smaller fans between the Boles field and San Andres· Canyon. It is b·e­
lieved that most of the water pumped from the B·oles wells comes from the 
shallow fan deposits. If well-field development is to b~ extended away from 
th~· western part of the present well field, it wiil be desi.rable to develop 
those areas where the fan depostts a~e thickest. I~ will also be desirable 
to locate wells in areas in which the fan depo.s.its are. at least partly fairly 
well sorted and are not conglomeratic. 

As a compromise be~ween locating wells.in areas of high yield and in 
areas where danger from saline-water encroachment would be at a minimum, 
future wells should be restricted to the eastern half of sec. 18, sec·. ·19, 
the northern half of sec.-301 and possibly the southwest corner of sec. 20, 
all in T. 17 s., R. 10 E. In addition, the eastern on~-fourth of· sees. 25 
and 36, T. 17 s., R. 9 E., might be subject .to development on a limited 
basis. 

. \. 

The reasons for extending future well development southward, rather 
than close to the mountains, are twofold. First, the relatively undisturbed 
water table west of u. S. Highway 54 slopes south-southwestward about 45 
to 50 feet per mile (figure 6)'. Pumping has lowered the ·Wa.ter ·taple east . 
of the highway, the maximum decline having occurred at the soutn: :edge of 
sec. 18, and as a result the gr~dient upslope from the area of decline has 
increased to nearly 80 feet per mile 0 The steeper slope' of the water table 
induces an ~ccelerated movement qf ground Water •. In the area of decline 
the water table still slopes southwestward. An additional decline of about 

·20 feet would reverse the gradient and create ground-water movement from 

]) 

the southwest. It would-appear desirable, therefore, to displace the center 
• of pumping, and, therefore, the center of grol.md-water declines, southward ) · 
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closer to the south edge of the potable-water body •. Second,· figure 6 in­
dicates that the northward development. of the depression in the ·water table 
has tended to create a local eastward slope. With a~ditional pumping in 
the future, the eastward slope will become better develo~ed and create a 
movement of ground water from the west •. To displace the center of pumping 
southward would place. a larger section of potable water b~tween'the area of 
decline and· the saline water to the west. ·. · 

The s·pacing·of wells is a matter of both hydrologic and economic cqn­
sideration. OWing to the cost of. laying pipeline, the distances from well 
to well and from pumping station to the most distant well should be as · 
small as possible. However, when two adjacent wells are pumped, the pump­
ing of each well lowers the.~ter level in the other well. This effect of· 
mutual interference· increases.: the amount of. lift at each well, and decreases 
the amount of water which ~ach well can produce; that is, the·total a.znount· 
of· water produced from both wells simultaneously is less than the total 
production from the two wells when pumping one at a time. ·rn the Boles 
area, new wells should be not less than about l;OOO,feet apart, in order 
to minimize the effects of mutual interference. The array· of wells that 
would cause the least mutual interfere~ce would be ~.straight line· of 
wells. However, a straight-line array may .not be desirable because of 
pipeline cost and the inefficiency of pumping·without a'booster pump in 
.the line. In any future development in the area southeast of the present 
well field, the wells should be 'arrayed along approximately a straight 

• line, if possible. 

' .. ~ .. , . . 
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ARTIFICIAL RECHARGE 

Among the cons~rvation practices that·could be used in the Boles well 
field, one offers promise not only of, inhibiting saline-water encroachment, 
but also of storing potable wateT in an evaporation-proof reservoir. This 
practice, artificial recharge, ·has been proved feasible in several ai-eas in 
the United States. Of greatest interest to· this area is t~e fact that ex­
·periments on recharging-the Montana well field at El Paso were succ~ssful 
(Sundstro~ and Hood, 1952). 

The· concept of artificial recharge {s based upon the fact that forma­
tional and well coefficients snoul.d be independent . of direction of flow. 
Therefore, the effect of artificial recharge by injecting water in wells 
should be the inverse of pumping-that is, the rate at. which water can be 
injected into a well is governed by the ·specific capacity. of the well and 
the coefficients of transmissibility arid storage of the formatipn. 

Water used for artificial recharge should be free· of sediment, cblo- · 
rinated, and stable chemically in relation to the water in the aquife~. 
The water·must be free of sediment in order to prevent mechanical· plugging 
of the wall of the well. Chlorination is necessary ~o prevent the gro~h. 
of· bacteria and algae, which could cause plugging of the screen and the 
'formation. The chemical quality of the rech~ge water must be such that. 
mixing w1 th ground water in the well and in tne forma t.ion Will not lead 
to chemical reactions that would cause encrustation of the screens or 
plugging of the aqu~fer. 

The idea of practicing artificial recharge in an area already short 
of water may not seem realistic. However, when the Bonito Lake pipeline 
is completed in 1957, additional water will be available. Possibly not 

. ~ . 
. all the water available from Bonito Lake will be required immediately. 
Moreover, during the winter,months there may.be a surplus of water which, 
if. left in the lake, may cause the lake to· overflow d~irtg the season of 
snowmelt or summer rains. Also, there may be wet periods when there is 
an excess of water in the lake. Any surplus water could b·e used to re-

. charge the aquifer artificially in the Boles area, by injection through:·. 
production wells. 

. ,, 
Table 10 shows the rates at which the wells in the Boles well fi~ld 

probably could take water during short periods of artificial recharge. 
The table is based upon the specific yields·of the wells under pumpi~g 
conditions. Well 26 is not included in the table, owing to its high 
elevation relative to the pumping station . 

·ao 
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Table 10.--Probable maximUm rate$ of artificial recharge through 
existing. wells .in the Boles well f.ield, Ote~o. 90UJ;lty ~ . 
N ~ Mex. 

.. ' ... ; 

Specific l Computed : Approximate te~~-~harging water level 
vlell l capacity i rate of :~iow land surface > End of ·period 

·· i I ! 
number i ( m/ft) ; recharge 

1 
datum (da s) 

! gp ; (gprn) i ·(feet) · y 
~----2----.,--1-.-a-· :-~;5--r a ~·--~---~ 

'l t· 
5 ·1 • 7 128 _ _. .. : 

10 

15: 
16 I . .I· 

. ~: -1 

33· 

34 

35 
j . 

2.2 ' 1 

2 ~a ·I 
.1.3 

9· 7. 

6.9 
r· 

218 

165 

~5.·. 

'576 

137 

'!2.2 

.4.3 

9-9 

! 732 
i ' 

258 

644' 

I 

; 
:· 

l . 

! 
i 
l 
I 

.· ·. 5 

.5 

5 

.5 

5 
. 5. 

5 

5 

5' 

2 

2 

:2 

1 

1 
2 

1 
2 

1 
2 
1 
2 
1 . 
2 

. Frpm table 10 .it can be seen that .the well field probably could be 
recharged at a r~te ·of about 3,109 gpm, or more than 2 million gallons 
,in 12 hour.s. It is not .likely that such amounts of water would be avail­
able; however,·ff one or more wells could be artificially recharged at 

.. lesser rates over a period d:f several weeks or more, a considerable 
amount of water could be put into storage, and water level~ in the area 
of the recharge wells would be raised measureably. Under present condi­
tions the wells probably could accept a total of about 1 million gallons 
per day fo~ a period of 2 to 3 months before overflowing. 

The advantages of practicing·artificfa.l recharge in the Boles well 
field are several. First, se.lected wells could be recharged ~o raise 
water levels in the western part of the well field. Raising .the water 
levels. would tend to create·a water-table· gradient away from the well 
field, which would tend to i~ibit saline-water encroachment from the 

.west. Wells 17, 33, and 34 could be used for this purpose. Second, 
artificial .recharge of wells in the older part of· the well field would 
repressure the artesian part of the aquif~r, which would tend to halt 
downward migration of the shallow ground water. Third, the practice of 
artificial ·recharge would store surplus water for future use, which might 
otherwise be lost by overflow from Bonito Lake. Fourth, ~ter stored in 
the aquifer in ·the ~oles well field would not be subject to loss. by~· 
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ev~porati9n. 0~ the basis qf data from ev~~oration stations.!~ the Pecos 
River a~d .. Rio prande v:a)..leys, the annual evaporation loss from ··~oni to Lake 
~~.' e~til~a:~ed: to be mo~e 'thAn' 6 acre:-feet (~bout 2 million .galiq~s) :Per. acre 
of lake ·surface. The surface of Bonito La~~is apprOximately 45 acres 
when the iake is full. ,At this level the annual'los's' from eva~oration may 
excee~ 90 mi:J,.lian galJ.ons. Of course, . some :of: the ·.ann~al evaporatiqn ;toss 
wquld<c6ntinue ·even though artificial rechB.rge were practiced," :.~ut ~h~ 
actual s~ving in water by preventing evaporation and by preventing overflow . . I 
from Boni ~o ;La'fte should SJ!l0'4Ilt to a consid~rable quantity. ; ·,. · . 

: . : . ·; . , I . 

l:t ~hould:: be recognized .. tba~, prior to establishment qf a,. etan9.ard 
procedure of art~fic+al recha:r~e· in the 'i~i~ f~eildt .e~pe:riment~ :.sho~d be 
made at the various wells. to determine .:the' 'practic~l long-term :::t;!echarge · 

. rates:: for the\ ~ells ... The generaJ:. ~ro¢edure·. at. a 'well .. :would be .to remove 
the~ back-pressttr~ va+ve·, .' r~.ye~se th.~ flow-¢.e.ter :pc;>sitio~~ -and a;~ow! ~ter 
f:rQ~ Bonito Lafe' to flow irito .·'the well at v~rious. rates I fOT sp~qifi~ in:.. 
te:rvals. of tiine. Al+ 'the production wells :are equip:Ped w1 th turbine pumps' 
and· e+~ctric motors (plate: 9,B) .. By. allowiri'g·: the recba;oge watef: to flow .. 
down ·t~ough the· pump' column ·the dangers to. the well inherent~~ roiling r· . . ' . . .. . . . .· . , .· ' 
and entrapment·. of air woul4· be eliminated. Before; during,· anc;l :after the 
recha:rge perioC,.,. water-level' measurements shoUld .be made in the rec~arge· · .. ~.~ .. ~­
we~l ~nd nearb~ observ~t.io~ wells tq; d~term~I,le' the effect. of r~q~r~e on 
the water tabl¢ 0. During· the recharge peribd'.and subsequent pun].ping) periods, 
measutenients.o:f recharge ap.d disqh~rge rate~ shouldbe>made pe#iodi9ally, 
a.nd.'water s~p:t.es and temperatures'.' should.be ta'keri'at specific.'1nte~als' 
to d~termi~e the. amount ·or ·z.eq~arge·· Wa.ter ~eooveredo . ·· · · · ' ~ · 
. . .' ·: . :' i· . . . . : . . . .·~ ~ .·. . . . : . ' ' ~,I :; :' . • . . . . \ . . • : • 

· · ;rnspection of an analysis,'of;.wa~r froJA t~e Bonito pipeline 'indicates 
that· the. mineral$ di!Ssolved:ii{ wa~er ·:from :B'ori:ito ·Lake are simii~r in type 
and· dist·ributib,n to those: in 'the ·water· froni the ·Boies well ·fi~ld, the. 

' . I . . . . . . . . 

princ~~l diff~rences peing t~e·amount .of ~~$solved ·solids. in ~ter~ from 
t~e two·. source~ o. Table 24· giv~s the chemical an,alyse,s of samp];,es or water 
fro~'Bonito La~e ·and o~her ~ea~by.~ampl;l.ng:point~ related to tl;te·sy~te~_. 
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CHEMICAL.TREATME~ OF WELLS 

. A phase of study in the Boles .. , we~l .. field ·was the investigation of· the 
effect of c~emical treatment of well-s in the area with the objective of in­
creasing yields. In general, two types of chemicals have been used in· the 
treatment, of water wells. One .type i_s buffered hydrochloric acid, which is 
sometimes used to increase the yields of wells drilled into a limestone 
aquifer. Acid has been used with ·varying degrees of success on irrigation 
wells in the vicinity of Tul~rosa 1 where the bol$on-fill aquifer cont~ins 
a considerable amount of ~imestone particles. ·~his type of treatment prob­
~ bly · would not be effective. in the Boles ar~a because most o'f the fill con­

.. sfpts of'. clay and sand. The. 'second type of chemical used in water-well 
treatment- is sodium hexainet_aphosphate,- which is sold in several solid "forms 
.unde~ various trade names·. The chemical is ordinarily used in water-treatment 
plants to inhibit the deposition of calcium carbonate scale and iron .oxide 
in ·Wat~r pipelines and to prevent corrosion. The phosphate in solution has 

. the property of dispersing finely divided metallic oxides, salts, and clays. 
Two Bole·s wells were treated ·with phosphate solutio:n •. The results are 
described below. 

The use of well-treatment ch~micals obviously cannot remedy defects 
of a mechanical nature, such as a worn pump, nor can the chemicals remedy 
the effects of_ screen plugging by sand alone. However, chemical treatment 
of wells, ~sing the phosphate solution, is apparently beneficial in the 
development of new wells, redevelopment of old'wells, and the cleaning of 
old_well screens that have become plugged· with clay or chemicai en~rusta• 
tion. Although none of the older wells in the Boles well field were 
treate4 experimentally, it :wa·s observed. that the phosphat·e solution( ef­
fectively cleaned rust from.the barrels in which the solution was mixed 
for .treatment of.well 28, and the clay-dispersing prOperties of the 'solu-. 
tion-were observed· during the treatment of.the well. It is ~nferred that 
the ... same action would take plaqe at the screen. in a w~ll. 

··· Wells 28 ~nd 35 were treated with sodf~ hexametaphosphate solutions. 
Well 35 was tr~ated with the solution as a part of developmental. prdcedure: 
The well was cQmpleted in May 1955. Develbpment consisted of .surgi~g and · 
bailing, 'trea tzhent with the . phospha t·e· solution, and pumping with· a turbine 
pump. The well Was surged with a close-fitting surge block, and th~n · 
bailed, in cycies, for a period of 6 hours·, after 'which a total of 130 
pounds Of the ph9sphate compound WaS mixed 'in the well with the surge block. 
After a 24~hour interval, during·which the turbine pump was install~d, the 
well was surged. and pumped during parts . of 4 successl ve days. When.· pumping 
began, the fluid. pumped from the well consisted of a_very thick suspension 
of clay, which w~s followed by water so he~vily charged with sand that the 
pump was stopped several times by the sand~ The water from the well con-· 
tained very little sand at the end of the ~e~elopment period .. ~e well 
produced more th~n 450 gpm during short pumping periods and abotit 350 gpm 
~uring relatively long· pumping periods. Of course_, the phosphate solution 
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• was not entirely responsible for the successful completion of the well. 
However, it is believed that the solution was ~nstrumental in removing 
clays which were plastered or smeared over the walls of the well and the 
screen .bY the action of the drilling bit and by the installation of the .. .i_~ .. 
casing and screen. 

Well 28 was treated with phosphate solution in an effort to increase 
its yield. Well 28 was drilled in 1953, by the hydraulic-rotary methodJ 
and was gravel walled. After development, the well yielded only 30 to:·. 40 
gpm. Nearby well 26 was drilled during 'the same period as well 28 and is 
structurally identical with well 28. Well 26, however, produced about 180 
gpm. ·Therefore, it was believed ~hat well 28 might bave.been partly.plugged 
·with drilling mud which was not rem~ved.by. development. A preliminary per­
formance test of well 28 showed that at the end of.7~ hours of pumping, 
the well had a yield of 44 gpm with a drawdown of 10t feet, an indicated 
specific capacity of about 0.4 gpm per. foot of drawdown. The coefficient 
of transmissibility was compl,lted from the rate· of r'ecovery of water level 
and amounted to about 1 1 000 gpd per foot. Although the pumped water car­
ried some sand, it contai~ed little clay. 

After the performance test, the well was treated four times, with a 
total of 700 pounds of the phosphate compound~ The chemical wa~ dissolved 
i~ a small amount of water, and the solution was poured into the well . 

• 
During each of the four t:reatment~ the solution remain.ed in the well f~.om 

wo to three days during which time the well was .surged about. 10 times. 
After each treatment the well was pumped from 3 to 6 hours to flush out 
the chemical and the material loosened by the chemical~ The water pumped 
out of the well following the first treat~ent carried s~ much clay and : 
sand that it resembled thin drilling mud. The water cleared somewhat 
during the latter part of the subsequent pumping ·period. During each of 
the subsequent treatments, additional clay and sand were pumped from the 
well, but in diminishing quantities as treatment was continued. 

Following the series of chemical treatments well 28 was tested again 
by,pumping for a period of 8 hours. The maximum rate 6f production was 
54 gpm; however, the specific capacity at the end. of 8 hours amounted to. 
about 0.6 gpm per foot of drawdown.· The rate of recovery of the water 
level after the 8 hours of pumping indicated a coefficient.of transmis-
sibility df about 11 350 gpd per foot. · 

SampleS.., of water for chemical. analysis were .taken~ at. the end of each 
performance t'est. The analyses of the water SB:Inples ind.Jcated that no 
significant changes in the chemical quality of the ground water .from well 
28 resulted from tpe chemical treatment of the.well. · · 

The gravel pack in the well did not· subs~Q.e as a result of the chemical 
treatment ~ .. . I · 
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The results of treating well 28 contain the following pertinent P?ints: 

(1) The well produced sand-laden Water for about 1~ hours during the 
test before treatment. The water did not contain clay. or mud .. 

{2) During treatment the pumped water contained not only large amounts 
of sand, but also clay or mud. The amounts of sand and clay_ diminished· toward 
the end of the treatment period. 

(3) The water pumped during the second performance test was essentially 
free of sand after the first 15 minutes of pumping. 

(4) The measurements of depth to water.during the first performance 
test showed that screen los.s~s were small at the rate the- well was pumped •. 
Therefore, the screen. pr.obap~y·· was not plugged. · 

· · {5) Measurements in the gravel-feed lines indicated that the gravel 
envelope did no~ subside, but gravel may have been bridged above the zone 
producing the sand. The sand pumped from the well probably came from the 
interstices of the gravel pack, .or passed directly through the pack~· 

(6) Performance,_· tests. run b_efore -and after the treatme.nt ·period show 
that the yield of the well at the end of approximately 8 hours was increased 
from 44 gpm to about 54 gpm. The specific capacity of the well increased. 
from about 0.4 to about 0.6 gpm per foot of drawdown.· 

{7) The apparent coefficient of transmissibility-of the aquifer was 
increased from 1,000 to about 1,350 gpd per foot. 

·<II 

It was concluded that the chemical treatment resulted in a measurable 
inc~ease in the productive capacity. of well 28, alt~ough the amount of 
water was not sufficient ~o! practical production in the Boles well-field 
system. The increase in both the ·specific capacity and the apparent coef­
ficient of transmissibility indicate either that sands _producing before 

·treatment were cleaned more thoroughly,~or.that a~ditional sands, pre­
viously sealed off, were open~d by the chemica~ treatment. 

Attention is. called to the apparent coefficients of transmissibility 
·determined during the two performances tests. · Althoughja substan~ial in­
cre.ase was n¢ted from one test to the next, the values /are low and indi-

.· ! . 0 0 • I' .. 
ca~e that the permeability of the water-bearing sands ~enetrated by the 
well is low or:that the total effective thickri.ess' of the sands is 'small. 
Therefore, it ~s not expected that furth¢r ~re~tment~ or _manipulation of 
the well will result in a productive capacity much higher than that al­
ready obtai~ea:. Assuming that similar. conditions of partia~ plugging 
may exist i~.other wells. in the Boles weii field, it appears that treat­
ment with soiu~ions of sodium hexametaphosphate might be prof'i tably used 
in wells that had an initially. high productive capacity . 



• ~LL .. CONSTRUCTION · 

Appreciable difficulty has been experience·d in the Boles we~l field 
in developing sati.sfactory wells because of the generally.fine .texture and 
.heterogeneous ·m.rexture of the formation· particles. It seems perti:q.ent, 
therefore, to discuss general well-drilling and construction methods and 
how they can be applied to the specific problems of constructing wells in 
the Boles well field area. 

Methods of Drilling 

The two methods of drilling ~ter wells most commonly used are.the 
cable-tool (percussion) and hydraulic-rotary methods. While under.certain 

·conditions one-method may be as sat.isfactory as the other, each method has 
advantages over the other in certain conditions. For example, the cable­
tool method generaily is unsatisfactory in very·loose, caving sand, and. 
the hydraulic-rotary method is unsatisfactory in cavernous formations where 
circulation cannot be maintained. In formations in which either·method can·· 
be used, such as unconsolidated, or partly consolidated bolson deposits,.· 
the cable-tool method generally is employed for small-diameter, shallow 
wells and the hydraulic-rotary method for large-diameter, deep wells. 

• 
With the cable-tool method of drilling, a·heavy cutting tool, or 

. bit, at the end of a s~eel cable is alternately raised and. dropped to break 
and loosen the formation material. The drill cuttlngs are. removed from the 
bottom of the. hole by means of a bailer. In unconsolidated material, cas­
ing must be lowered in the hole as drilling' progresses in order to prevent 
caving.· Normally, drilling mud.is not used with this method. 

With the hy4raulic-rotary method, a bit attached to the~ lower ·end 
of a string of hollow drilling pipe is rotated while drilling fluid is 
pumped. down through the drilling pipe, out through. openings in th~ · bit,, 
and up to the surface through tqe annUlar space between the. cb-iilirtg pipe 
and the wall of the hole. The drilling fl~id, generally consisti~g of a 
mixture of water, clay,; and commercial admixtures, carries the drill cut~ 
tings to the surface, where they are dep6si ted in a settling .. :Pit. ; The fluid 
forms a cake or seal against. the. wall of tbe hole, preventing cav~ng •. With 
.this method of:. drilling, it generally .is. unnece·sss.cy to case the h.oie, ex-
cept near the surface, du~ing·drilling operations. 

Generally' speaking, the drill cuttings obtained from a cable~tool rig 
are more representative of the formations than those obtained from a rotary 
drill, althougp ·they ge:nera:Lly are finer. arained. t~n the la~ter. ·. '!:n orde:r 
to obtain as much reliable 'data fis possible .from·~ rotary-drilled'.hble_,:_ ;it 
is. necessary tb kee·p ·the drilling proced~res as· uniform as po~sible. · ~ven 
then, much c~a~ and' fine sand may be washed a~y or pass unnoticea in the 

· drilling ~l~id. Another .difficulty in this respect is that of di~tingliishing 
• dril.ling .mud from natural formation clay in the .recoyered samples~. 
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If natural clay is used for the drilling mud, it may be impossible to dis­
tinguish the drilling mud from clay of the formation. Further, especially 
in fine grained clayey deposits, the drilling mud may plug the formation 
and considerable effort may have to be exp~nded in ·developing the well to 
make. sure that the drilling mud has been completely removed. 

Casing Perforations a~d Screens 

Many wells are completed with very little regard to choice of per­
forations or screens; anything that will act as.a "strainer" to pass water 
is considerea··suitable. Actually, the choice of a suitable screen is one 
o.f the most important steps .~n the construction of a high-capacity well 
in unconsolidated deposits.··: .. 

When screens were first developed, they were designed to exclude ·most· 
or all of the formation. It now is generally considered that a screen 
should pass about the finer grained two-thirds of the formation material, 
unless ·the· aquifer is a homogeneous sand having a low uniformity coefficient 
(high degree of uniformity). By allowing the finer grained 60 to 70 percent 
of the materials near the screen to pass·through the· openings during develop­
ment·, a natural gravel pack with particl~s increas~ng in size toward the · · 
screen is formed, which results in more efficient well performance. 

Not only is the size of screen openings important, the shape and dis­
tribution of the openings also is important. Obviously, the ideal screen 
should contain as many openings as possible without sacrificing strength, 
and the shape of the openings should be such as. to minimize plugging of 
the opening. A wide choice of manufactured ·screens is available today; so~e . 
are des.igned with the above considerations in mind, whereas others probably 
are comparable to slotted casing .. The required characteristics or screens 
or perforated casing for gravel-packed wells are slightly different than for . 
plain cased wells and are discussed under gravel-packed wells. 

Well Development 

The-purpose of well development is to finish the well in such a manner 
that the greates~ possible amount of clean water can be .pumped safely from 
the well with a minimum drawdown and that the well can be _expected to re­
main in good condition for a reasonable number of years. This very impor­
tant phase of well construction often is lightly regarded dr completely 
neglected. Actually, proper development can mean the difference between a 
successful well or a complete failure. 

Many methods of developing wells have been devised and are in common 
use. The most common method of developing wells in unconsolidated deposits 
is by a surging process, which is designed to remove the fine sand, silt 
and clay from the water~bearing strata n~ar the well to form a natural 
gravel pack. Within the natural gravel pack the formation materials become 
more uniform and more permeable as· the screen is approached. Thus, entrance 
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•• ·losses .. are ... .greatly .. re.duced,. and, as long as a reasonable pumping rate is 
ma.intaine~, there is much less likelihood that. the well will.Yi~ld sand. 

Surging can be accomplished by agitating the. water with some type of 
plunger which is alternately lowered and raised in the well, back-washing 
by intermittently starting and stopping the pump' or agitating ·the water 
with compressed air or dry !ceo Development by a plunger is selective and 
concentrates the action in the immediate vicinity of the plunger. Over­
pumping alone in such deposits may remove fine particles from the formation 
arount the well but is likely to result ~n bridging of sand particles, thus 
preventing full development. Also, development by overpumping is not se-· 
lect:i:.ve and cannot be depended up.on to affect all parts of the screens and 
adjacent formation. Under certain gond~tions, where the formation contains 

.·considerable admixed clay ~d·or where drilling mud has penetrated the for­
mation, sodium hexametaphosphate or s·imilar chemical is satisfactorily used 
in development. The fine materials brought in.to the well during the de­
velopment are removed with a bailer. Development normally must be ac­
complished by more than one method and is complete only when no more fine 
particles can be moved into the weil, the water is clear, and the well has 
a specific capacity that is reasonable when cons~dered in the light of 
examination of drill cuttings and wel~_log and the transmissibility of the 
aquifer as determined from the pumping test. 

• 
Gravel-Packed Wells 

In recent years the gravel-envelope or artificia~ly gravel-packed well 
has become fairly common. In constructing an artificial gravel pack, the 
hole is reamed to a diameter several inches greater than that of the casing 
and screen to be used. The annular space between the screen and the wall 
of the well, or between an inner. and an outer casing, is filled with sorted· 
gravel of a uniform size. 

In a rotary-drilled hole, the drilling fluid in the ·hole may be gradua~y 
thinned during the placement of the gravel. Also 1 a plunger may be ·Surged 
inside the casing to help wash the plastered mud off the walls of the hole. 
Unless some effective washing procedure is foll9wed while the gravel is being 
placed in a rotary-drilled hole, it ~s possible that drilling mud may ·re-
main mixed with the gravel, and ~annat be removed by subsequent development. 

There is considerable disagreement as to the relative advantages of 
artificial and natural gravel packs. Probably artificial gravel packs are 
most advantageous in formations of fine, uniform sands that contain an ~n- · .· 
sufficient amount of coarse material to build up a natural gravel pack about 
the screen. An artificial gravel pack will permit the use ·of screens having 
larger slots than would otherwise be possible.in .such a formation. The size 

. of the screen opening in a gravel-packed well depends not only upon the size 
of gravel used but also to ·some extent upon the shape.of the slot openings. 
Tpe slot size and shape should be such that the smaller gra~el will pass intq 
the well during well development, thus inducing a gradation in the gravel 

.pack from the larger size at the screen tO the Smaller size at the well face. 
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Ideally;. the ·size .. of .. the .:.gravel. to .be used should be determined· by a 
mecmnical.a.n.a..lysis of .. the. sand in the formation; studies (Leatherwood and 
Petersan, ... l954) .. indicate .. that .the .size of .. the gravel should be not m:Or~ than 
four to six times the size of the .finest materials in the formation that are 
to be e~cluded. If too coarse a gravel is used, fine sand may move ~rom.the 
fo~tio~ into the gravel and may fill the voids in the pack, resulting in 
a reduced permeability. For maximum permeability, the gravel should be well­
rounded and of a uniform size. It must be carefully ~~aced, of course, to 

·avoid bridging and to insure uniform pl~cement. 

. When a well is drilled by the cable-tool method, the gravel envelope 
is inserted oetween an outer_and inner casing. Generally the outer casing 
is w1 thdrawn as the grav:el is -·emplaced. The inner casing is slotted op­
posite the water-bearing strata; both are slotted if the outer casing is 
to be left in the well . 

. Basically·--. the ability of a well to produce water is a function of the 
transmissibility of the aquifer, and the main effect of gravel packing is 
to enlarge the well diameter and thus.reduce well-entrance losses. Such 

' • 'J 

being the case, a screened well of diameter·equal to the gravel pack might 
b_e more effective, but such a well having a large-diameter s_creen· would b.e 
more expensive than a gravel-packed well. It is apparent also that the 
main fun:ction of the gravel pack is to support the walls~ of the· :hole rather 
than act as a filter. Wells constructed with large and ungraded gravel . 
permit sand to move into the gravel pack and thus function more like filters 
and eventually become plugged. It is to be expected that the deterioration 
of such·wells in time will be greater than those wherein the proper size· 
gravel was installed .. 

. Wells in the Boles Well Field 

The cable~tool method of well drilling has been the _principal one 
used in the Boles well field. All but 5 of . the 35· _wells drilled during 
the period 1941 through 1:955 and all but t\{o of the production wells in 
use in 1955 were drilled by this method. 

Construction. data for ali the production wells. in. the well field and 
for some of the ;test wells are given in table 17. All the wellS. drilled 
prior to 1953 Were drilled by the cable-tool method. In general, these 
wells were completed by installing a single size of casing ·down to or near 
the-bottom of the hole. Perforations consisted of torch-cut slots and were 
generally cut in all the casing extending _from above or near the water level 
to th_e bottom qf the finished well. From the available· records it appears 
. that 11 ttle' consideration was given to the. size or design of th~ ca~ing per·­
forations, arid·. tl'lat well deve+o:Pment consi~ted entirely of surging li,nd p~p­
ing with a tur~i~e pump. It is -probable that some of the ~l~s ~er~ drilled, 
tested, and ab~ndoned ~s fa~lures without adequate development or te~~ing. 
Howev:er, recordsi for ~orne of the wells are ,,missing, and little is known 
about wells 6 anti 8. Some of the wells ~y have had inadequate amounts· of 



• scr.een, .such .. as .:wells 11 and .. 25 1 - which .had .low yields. Some "of the wells .. 
produce ... a great. amount of sand with the water when overpumped. '-Tells 1 and 
13·.were abandoned when they· collapsed ~s a result of remov-ing excessive 

·amounts .. -of -sand· from the water-be~ring strata. · 

. Well 13 is an example of the· construction of most of the wells in the·: 
Boles well field. As shown in table.l7, the well was·drilled to· a depth of 
270 feet·. ·Ten-inch casing was installed to a depth of 251 feet.· Of the 
25l. feet of casing, 186 feet, from 65 to 251 feet,·was perforated, with torch-
cut slots k-inch wide and 14 inches long. · · 

·.· In 1953, ~ive wells were dr.f~led by the hydraulic-rotary method, under 
one contract. Four of the. wells. are identical in c_qpstruction except for 
minor variations in· depth. ·In each of the four wells, 50 feet of 20-inch 
blank surface pipe was cemented in place. A 19-inch hole was then drilled 
to about 250 feet, and about 250 feet of lO~inch casing and screen were 
centered in the hole. · A total of 60 feet· of the 10-inch casing was .torch­
perforated and placed at selected intervals in t~e string of casing.· The 
annular space between the wall of the hole and the casing was filled.with 
gra.ded gravel of about 3/8-inch diameter. Each weli was then developed by 
means of surging with a surge-block and bailing, overpumping, back-washing, 
and surging wit~ air. Of the four, only the first (well 26) was a success-

• 
ful well. The lack of success at well 28 appears to be the result of dril­
ling a section of fill that has a low permeability. However, on the basis 
of data from the aquifer tests in the well field, it appears that both wells 
30 and 31 should have been successful. The water-table· contours ·in figure 6 
indicate that the aquifer ·is relatively permeable in the v~cinity of the two 
wells. The coefficients of transmissibility of the aquifer in that· area, , 
though not uniform, are reasonably high~ ~he coefficient of transmissibility 
computed by the Thiem method, using data from wells 30 and 2, was 6,200 gpd 

-per foot, which is comparable to that obtained in the vicinity of the pro­
.duction wells north of well 30. 

In view of·the method of construction and size of gravel used, it is 
possible that the low yields of wells 30 and 31 may have resulted from sand 

.and.clay entering and bridging in the gravel, thus effectively reducin~ the 
permeability of the gravel envelope. Many of the water-bearing beds are 
composed principally of clay and very fine- to fine-grained sand with smaller 
amounts of material of larger grain· -size. It has been demonstrated by 
Leatherwood and Pet~rson (1954, p. 588) that the ratio of the mean diamet~rs 
of grains in a filtering sand to those of the sand to be retained must not 
be· greater than five~~. The difference in grain-size between the gravel and 
the formational sand at wells 30 and 31 is many times greater than 5, and 
the formational sand e:asily could have entered the: gravel envelope. · \ . 

. \ 

··The fifth we~l drilled by the hydraulic-rotary method originally was 
intended to be only a "pilot hole," ortest hole. However, the well was 

•
cased without gravel.pac~ing and eventually was put_. irtto operation in the 
well-field system. The history of the well, no. ;g {17.10.19.113), demon-

. strates the necessity for adequate development. When first drilled, the 
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well .. produc.ed . only 50 . gpm .. After development over a period of several days, 
·the well reportedly produc.ed 175 gpm and was pumped regularly at about 100 
.gpm. 

From 1953 through 1955 orily two production wells· were drilled in the 
well field. These wells, 34 and 35, were drilled by the cable-tool method 
~nd ~re cased and screened in the same manner as older wells in the field, 
but somewhat greater attention was given to the dimensions of the perfora­
t.ions. · The wells were developed for periods of 4 to 9 days and were thor·­
oughly tested to provide a basis for pump specifications. The wells were 
then put into production at rates of 250 and 350 gpm, respectively . 

. ~e of the principal problems ~th regard to well construction in the 
Boles.well field is that of. reducing~ the sand content of the pumped water. 
Qwing to the fineness of the aquifer sediments, large quantities of sand 
have been pumped from the various wells~. Such wholesale remoyal of sand 
le.d. to the collapse and subse.quent abandonment of wells 1 and 13. Pro-· 
duction of sand from a well is related to the velocity of water .entering 
the well. Reducing the velocity, therefdre, will reduce the sand pumped. 
The velocity of water entering a well can be reduced in three ways: (1) 
reducing the pumpi~g ~ate; (2) increasing the ·well diameter and; (3) in-. 
creasing the number and decreasing the spacing of perforations. All three 
factors should be considered in reducing sand pumping from wells in .the 
Boles well field. 

Reduction in the amount of sand pumped can also be made by excluding 
the sand from the well. Th~s normally can be accomplished by either re-· 

. I . 

ducing the size of perforations or by ·construction of gravel-walled wells. 
Because of the fineness of~nd~-in the formation it is not practical to 
attempt exclusion of the sand-by small screen openings.· In view of the 
failure of t~ee of the four gravel-walled wells drilled in 1953 in the 
Boles field it has been thought that such construction is not suitable 
there. However, in_those wells, the gravel used was not small en9ugh to 
retain sand from the aquifer. As an illustration, figure 31 show~ the 
results of mechanical analyses of·sand from wells 34 and 35. More than 
90 percent of the sand was very fine- to fine-grained, and is believed 
to be representative of the aquifer at those wells. Analyses of drill­
cuttings from nearby test hole T-2l.showed that, other than clay ~nd silt, 
the bolson fill there contained more tha.n 80 percent very fine- to fine­
·grained sand. In order to retain the sand and allow proper development,· 
it would be necessary to use well screen with a maximum opening of 1 milli­
meter (0.04 inch) with an envelope consisting of grains ranging from ~ to 
2 millimeters in diameter. Therefore, the envelope would have to consist 
of coarse to very coarse sand, rather than gravel. Assuming that. proper 
and adequate development were performed, ft would appear tha-t a successful 
gravel-walled well could be completed in the well field, if the perforation 
and. gravel sizes were carefully chosen. 
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• ...With. regard .. to. :the ... construction of .. futur~ wells. drilled in the Boles 
. well .f.ieJ.d .. the .. f.ollow:Lng .. general. ... conclusions appear to. be true:. . In the 
.eas.ter.mos.t..-.pa.rt .. ,of -the. :well .. f-ield, .from the. centers- .of sees. 1~ and 19 

... ea.st.war.d, .:t.o .. :the.· .. base ... ,of .. the-.. mountains., .. ordinary ... screened ... wells:· generally 
should·be'as successful as gravel•walled wells, owing to the normally 
coarse~grained fall encountered there. Elsewhere in the well field, it .. 
is believed that properly constructed gravel-walled weils· would be more 
desirable than ordinary ~creened wells. _In any part of the well-field area 
i.t would be desirable .to obtain an el~ctrical log in a test hole to aid· in 
evaluation of the well site as a location for a permanent well. ~e screen 

---------"' ........ 

and gravel sizes ideally should be s~lec~ed after cutt~ngs from a test hole · .... 
have been examined. However, in general it would be desirable to have screen 
openings no greater than 1/~-incb:'·_wide .. To help maintain screen s~rengtq, 

· the openings preferably sho~d b~ no greater than about 6 inches long·. The 
number of openings should be as many as possible, consistent :with screen 

. strength. The entire length of the casing below the water taple should_be 
perforated or should consist of screen~ . To as~ur~ adequate development, 
it E(t>pears 4esirable (1) to surge the well with surge ···blocks, bailing out 
·tl;te· sand washed into the well by_ the surging, (2) to treat the well, after. 
surging, with mud-c~ting chemicals, and (3) to surge and overpump the well.· 
In steps one a:q.d _,three_ it would . be desirable .~o c6nt~nue operations ·~til 
the.amount of sarld obtained from the. well ~~~ishes measurably .. In no cas~,_ 
wp.ether cbr no~ t~e weli is gravel-wa,tl.ed, woilld. it 1:>~ desirable; to carey on . 
a·ctive.~evelop~erits for less than 72 hours,:not.iriclud~~g the p~riod of 

•hemica~ trea~meri.t. The, deve_ iopme~t preferabiy ·should be follb~d ~Y a_ . 
erformance te.st. of not less than 2lt hours~ .. Finally 1 the capacity of the 

permanent pump should be appreciably less t~n the maximum capa¢ity of the 
we~ •.. 
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Firrure ~1..-- Distribution of grain sizes in·samples of sand from wells 34 a 35,Boles well field,OteroCounty,N. Mex. 
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COMPILATION AND DISPOSITION OF RECORDS 

The value of complete and accurate records of explora.tory drilling, 
well data, pump operation, water levels, and pumping-test data often is 
underestimated. Such records are particularly valuable in regions where 
usable ground-water supplies are limited to certain areas and where it is 
.important to know the location and ex~ent of those are~s. Although, in 
general, operation records at Holloman Air Force Base are believed to be 
reasonably complete and accurate, during the course of this investigation 
attempts to find data relating to exploratory drilling, well construction, 
and water levels often were .discouragingly unsuccessful. Many such.data 
probably were not recorded bec~use their pos~ible value at a·future time 
was not realized. Other· data may have been recorded, but the records 
could not be located or were lost or destroyed. · 

Not only do such r.ecords aid in obtaining a more complete knowledge 
of ground-water conditions to guide future planning, but they should con­
tribute to a more efficient utilization of existing wells. Periodic 
analysis of accurately kept records will in~icate variations in well per­
formance and the need for changes in operation.or modification of equip-
ment to meet changing conditions. · · 

The following suggestions are included in this report in the hope 
that they may aid in utilizing more efficiently, and therefore more eco­
nomically, the ground-water supplies of the ·area .• 

Exploratory Drilling 

Many holes have been drilled in~·_the Boles well field in an effort to 
obtain an adequate supply of potable water. In addition, several holes 
have been drilled on the air base in an effort to obtain water for con­
struction purposes, such as roadbuilding. 

It might appear that records of shallow holes drilled for temporary 
use in construction would be of little ·future value, particularly if very 
~ittle water was obtained or if the water was known to be chemically·un­
suite~ for general use. However, almost all data relating to the occur­
rence of ground water are of value in estimating the extent and nature of 
the occurrence. Thus, even for shallow holes or holes drilled for purposes 
other than water supply, accurate formation logs aid in an interpretation 
of general geologic conditions; accurately measured water levels aid in 
determining the direction of slope and the gradient of the water table; 
data relating to the performance of wells contribute to a knowledge of the 
hydrologic characteristics of the aquifer; and chemical analyses of the 
water permit a more accurate estimate of ~he amount of potable ground 
water ~vailable in the area and may_ aid considerably in determining the 
source and direction of movement of the ground water • 
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· · It is suggested that as· much as possible of the above information be 
collected and recorded whenever a test hole or well is drilled for ~ny pur­
pose, even by a contractor for temporary construction uses. It is.suggested 
that reco;rding of well data be a mandatory part of the contract~ Such.data· 
should ·be collecteQ. for test holes and well~ drilled even in remote or wha·t 
may at the time seem to be relatively unimpbrtant areas~ At a futur·e. time, 
such data may be of considerable help in locating new installations, in 
planning expansions of existing installations, or in locating water supplies 
for construction a~ other purposes. 

Well Data 

· The well data sheet d~sc~ib~d .in Army Technical Manual 5-660 (N~v. 
19521 p. 38-39) has been carefully planned to ·present much important well 
data in convenient form. It is suggested that similar records be kept for 
all of the Boles welis. It is realized that not all the information called 
fo~ on this form is available for all wells.' However, such information as 
can be obtained should be recorded, preferably ~t the time wells are drilled. 
The records should be retained in some accessible place even after the wells 
have. been abandoned, as they may provid~ information that will be yaluable 
in .the· development of future supplies or rehabilitation of existing supplies. 

Operation Reports 

Daily operation logs and monthly operating reports which give the hours 
pumped. and pumpage are compiled for all wells supplying water for general~ 
use at the air base. Operation records of wells outside the main ·system, 
such as that at Tularosa Range Camp, apparently are not as carefully com­
piled, and. such records as do exist are ·not readily accessible. If all 
such records could be filed together for ready and convenient reference, 
periodic general surveys-of all the ground-water facilities· would be co~­
siderably simplified. 

Water Levels 

Accurate records of changes in water levels, both pumping and non­
pumping, are of great· importance. Unfortunately, such records generally 
S¥e the ones most often neglected ·or inaccurately kept. This is largely 
because it is almost physically impossible to obtain accurate measurements . 
. with· existing equipment construction,· and pumping schedules. 

Generally, when a well is first drilled, the depth to water is deter­
mined by means of an a~rline gage and is recorded. It is apparent that some 
such deter.min~tions in the past must have been incorrect, because of inac­
curate· gages qr other reasons. Therefore, it is sugges·ted that, ·wheneve~ 
possible, before the well is pumped the depth to water in a new well be 
accurately me4sured from a fixed measuring point by means of a steel tape. 
The measuring ~point u·sed should be caref\llly described arid its altitude 

• determined.vi~h reference to a permanent reference point. . ~. 
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The depth to wa. ter in a used well, b.oth while the well is pumping and 
.after the water level has recovered, should be. accurately determined attn­
terv~s of not more than 2 or 3 months. Such measurements should be made ·,·· ... ~~ ... 
under s.imilar circumstances each time. For .example·, the pumping level 
should be determined after the . well. has been pumped ste'adily for a definite 
length o'f time . ·The nonpumping level should be determined after the well 
ha·S been off for a definite length of time, sufficient to allow water levels 
to recover as much as pos.si ble rrom pumping effects. Such measurements take 
only a small amount of time and could be fitted to the .operation schedule. 

It wo~ld be highly desirable~ if possib+e, to have weekly· recording 
water-level gages installed _.on all used wells. These g'enerally are air.-:line 
gages actuated by small aut·oina~ically operated air compressors.. They are 

.. relatively inexpensive, require a mini~umof maintenance, and provide an 
excellent record of fluctuation~ of the water levels·in the wells. 

Periodic analysis of water-level fluctuations in relation to data on . 
such factors as yields of the wells will aid in determining·the cause of a 
decline in yield, whether due to a_deterioration of the well~ a decline in 
water levels, or a decrease in pump efficiez;rcy. Such analyses may indicate 
approaching problems before they become serious. An accurate record of 
water-level fluctuations will permit appraisals of pumping effects and will 
aid in evaluating the hydrologic characteristics of the aquifer . 

~ping-Test Data 

Soon after a well is completed, it generally is. test pumped, princ+pally 
in order to determine if the well has been adequately developed arid to d.eter~:· .. 
mine the size of the pump to be installed. Such a test may also have .cQn­
siderable value in determining aquifer characteristics. 

In order for such data to be of greatest value, it is necessary that, 
during both the pumping and recovery periods of· such a test, t~e depth to 
water and the time of measurement be frequently and accurately recorded. 
During the pumpirig period, the yield of the well should be frequently and 
accurately determined and should be recorded with other. pertinent observations. 

Oftentimes the specific capacity of a well is computed and recorded with~ 
out indicating the duration of the pumping period; as noted in a previous 
section of this report, specific capacities are meaningful only when the 
yield of the pump, drawdown of the water level, and the duration of the test 
are known. 

Disposition of Records 

.Good records are valuable,. of course, only if they are available for 
reference and study. ·rt is realized tha~ the· disposition of records is 
determined largely by existing regulations; however, it is assumed-that the 
d~sposition of records is determined largely by local authorities .. It is 
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·suggested· t.hat all records relating to· wells and ground-wElter C.ond.i tions be 
i14.led together in an accessible place. It "is. probable that many of there­
cords could be periodically" summarized and at the same time stud~ed and 
~yz~d. Then, many duplicate reco~ds ·c·ould be disposed of in ~·order to 
conse:rve space. 

. . 

It is suggested that arrangements be considered whereby the Geological 
Survey· ~~11; be able to study such records . periodicaily ·with the purpose of 
learning more about the ground-water resources _of th~ area. (\Such knowledge, 
it is hoped, will contribQte much_to the efficient utilization ·of the 
resources. 

. .• 

·, 
I 

. t 

]) 

-~) 



. ' ··-

• 

CONCLUSIONS· 

On the basis of the foregoing data and interpretations, the folloWing 
c9nclusions have been reached concerning ground water in the vicinity of 
Hollo~an Air Force Base: . · 

{1) In the area of 320 square miles shown in plate 1, the principal 
aquifer is the bol~on fill of Cenozoic age. Consolidated rocks are im­
portant only as sourc.es of the erosional debris making up the fill. Al­
though the fill attains a known maximum thickness of more than i~80.0 fe~t, 
the results of test drilling and drillers' ~ogs of wells in the area show 
that down to a depth of 500.:':('eet the most permeable zones in the fill are 
be~ween 200 and ;oo feet. bel:ow·· the land surface. In the Boles well field 
area, any additional production wells nee~ not be more th~ 300 feet in 
depth. Wells drilled very near the mountains possibly can be drilled to 
somewhat greater depths because the coarse-grained fill there is thicker, 
but it is not necessarily more productive~ · 

{2} In the vicinity of Holloman Air Force Base (plate 1) there are 
only two areas in which appreciable quantities of potable water are stored, 
the Bo~es well field area ·and an apparently larger area in .. T. 19 S., R. 10 E. 

· {3) The ground water is saline in both the bolson fill and the con­
solidated rocks beneath Holloman Air Force Base proper. The quality of the 
water from both sources, the character of the fill beneath the base, and 
the depth to:·consolidated rocks make it clear that potable water cannot be 
obtained from wells on the base. 

{4) .The depth to water beneath the air base proper is· small, and·i. 
excess irrigation of lawns ~nd· trees might.raise water levels to an extent 
that foundation and other maintenance problems may be experienced .. 

{5) The extent of potable ground-water supplies is shown in plate 2. 
The area of potable water of desirable quality lies between the. corltour of. 
300 ppm sulfate-and the edge.of the Sacra.niento·Mountains, and ainourited to 
about 10 square ·:miles in 1954.. Eight square miles· of the area was .in the 
immediate vic~nity of the Boles well field.· The .a,.rea that ·contain~ potable, 
but less desirable, ground water lies between the.· contours of· 39o ~nd. 500 
ppm sulfate. The area underlain by ground ·water containing 500 ppm or less 

·of sulfate was about 25 square miles in 19$4. Of this area, about.20 square·:·.,. 
miles was in ~he vicinity of ~~e well field. The potable gro~d-water area 
in T. 19 S., R. 10 E., south of the Boles well field, may extehd o~er as 

· much as ?O s qua:i-e mile .s . ·· :. i . 

{6) The p~incipal sou~ce of ~echarg~ to the bblson fill !is pre~ipi-· 
tation .in the. adjacent Sacramento Mountai~S and. consequent flobdflows that 
issue from the ~ountain canyons. The amouht of recharge is estima~ed at' 
8 percent of the preqipitation on the mountain escarpment. Reehar~e to 
the potable-Wa,ter body in the BQD..es area come·s from the several small can­
yons between Alamo and'San Andres·canyons, and is estimated to amount to 
about 700 acre-feet per yeat. · 
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• (7) : .. About 130,000 acre-feet (about 42,000. million gallons) of potable 
water containing 300 ppm.or less of .sulfate is present. in the Boles area; 
however, .. not all the potable water can be recovered before saline Y.~ter will 
enter the pumped area. · · 

(8) There is little natural discharge of ground Water in the'area. The 
depth to water i's too great near the mountains to permit transpiration and 
too great over nearly all of the area to permit evaporation. A small amount 
of transpiration may take place where the depth·to water is less than 40 feet 
and where the quality of the ground water and the soil do not inhibit the 
growth of phreatophytes. Most of the water moves downslope through the 
aquifer and out of the area. 

(9). The effects_ of pumping .~ter from_the bolson-fill aquifer cannot 
increase ~he rate of recharge,. nor can they reduce natural disc_l;J_~rge; there­
fore, all the pumped water comes from storage. The removal of water from 
storage is creating declines_of water level_in the pumped areas. The de­
clines will continue as long· as pumping contin~es. The dec.lines extend or 
will extend into areas of saline water because the saline and potable ground 
waters are stored in the same aquifer . 

. {10) .The permeability of the aquifer in ·the. Boles well field, and con-· 
sequently the yields of wells, increase from east to west as a result of the 
better sorting of the fill with increasing distances from the mountains. 
The most permeable area is in the vicinity of Boles wells 17 and 33 and extends 

~om those wells southwestward to the. area of the Alamogordo municipal-supply 
~wells. A hydraulic boundary that trends northward through the middle of the 

well field probably represents an area of low. permeability. Additional pro-
duction wells probably would not be suc~essful in the area of low permeability. 

(11) The ·specific yield of the bolson fill in the area_ of the Boles 
wells is about 8 percent. 

_ (12) At the 1955 rate of pumping· from existing production wells in the 
Boles well field, it is estimated that the.water level in the center of the 
well field will decline about 30 feet in 5 years, ·4o feet in 10 years, and 
50_feet in 20 years.· Declines of significant magnitude (l foot or more) could 
occur l mile,- or more, west of the well field in 5 years and 3 miles, or more, 
in 20 years. · · · · 

(13) Saline water is stqred as close as one-half miie fro~ the Boles 
well field. Thus far, saline water has not-begun to move toward the well 
f.ield from the west or northwest ·because a ·gradient has not been developed 
toward-the well fi.eld from that direction. However, ari increased gradient. 
has been developed toward the well field from the north, ·and saline-water 
movement from that direction prob~bly. :.has. begun. '· · 

(14) Saline'-water contamination of the Boles wells is taking place as 
a result of downward vertical migration-of small amotints of saline water 
stored in the shallow part of tpe aquifer.· It is believed that the downward 
movement is through a leaky aquiclude. This form of contamination probably 

•
will increase as pumping continues to lower water levels tn the _well field. '_)· 
Thus far, only ~ales wells 10 and 14 have been so affected. · 
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(15) It appears that a well spacing. of .1 1 000 feet or more ·is desirable 
in the well field. 

(16) It is desirable that future wells be located southeast .of the 
present well field.. Although the aquifer in this area does not have a. high 
permeability,. location at new wells in that direction would lessen the ef~ 
fects of pumping on the movement of saline water.. · 

(17) The chemical treatment of both old and new wells in the Boles 
area app~ars to be beneficial. 

·.· '• 
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SUGGEf?TIONS 

The life of the well field is ·finite, and saline-water encroachment 
'will eventually occur.as a result of continuing. the 1955 rate· of pumping. 
From the results of aquifer tests in the well field,.it·is believed that 
saline-water encroacpment would occur even if pumping were continued at 
only half the 1955 rate. Inasmuch as it is anticip~ted that the rate of 
pumping in 1956 and subsequent years will be even larger than that in 1955, 
it seems desirable to begin certain conservation measur~s as sopn as feasible. 
The procedures listed below are suggested so that future declines may be 
distributed over a larger area in the well field in order to minimize the 
effects of pumping on the movement of saline waters. The procedures, if 
followed, also should result· in the interception of a larger part of the 
potab.le water moving through the aquifer·. 

Suggested short-term conservation measures consist of the. following: 
(1) Rotation of pumping of the Boles production~·.wells, which is 

already practiced· in the well field when possible. The procedure conE;ists 
of pumping wells alternately so that no single well is pumped continuously 
24 hours per day, or is pumped 2 days consecutively. Such interruptions 
of pumping of an individual well permit the recovery of the water level 
around the well and prevent to some.extent the development of a deep cone. 
of depression around the well. It is especially undesirable to develop 
such deep cones of depression in the western part of the well field. If 
the summertime water requirements are too large to permit rotation of pump-
ing, it would be desirable to drill additional wells. · 

(2) Drilling additional wells. Consideration of the present total 
capacity of the' well field and.probable water req~irements suggests that 
at least three new wells are needed, each capable of pumping 200 gpm. It 
~is desirable that the new wells pe drilled at locations that will shift the 
center of pump~ng away from the saline-water area. 

. ( 3) Reduction of pumping in the western part of the well field. . Thi's 
is desirable in order to lessen the amount of decline of water levels in 
that area. 

Suggested long-term conservation measures are: 
(1) Dispersing the draft on the aquifer and shifting the· center of. 

pumping southeastward •. This may be effected by locating all new production 
wells.in that direction. In general it appears that future wells should be 
restricted to t~e.eastern three-fo~ths of section 19; the northern half of 
section 30, excepting the northwestern 40 acres; and possibly the south-

. western corner of section 20; all in T. 17 s., ~~ 10 E. It should be em­
phasized that wells in these tracts probably will have smaller yields than 
some of the existing wells, and that a test hole should be drilled first at 
each desired location. The two Un$UCcessful wells (30 and .31) in the SWt 
sec. 19 should not deter.future exploration of thB.t·area because it appears 
that the lack of success of _the two wells may be due in part to. plugging of 
the grave~ packs rather than low productivity of the aquifer. 
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(2) Artificial recharge of the.:.~Boles wells. When the B9nito Lake 
pipeline is .&Ompleted, and if surpl~s lake water .is available, _the surplus 
supplies could be used to recharge the aquifer artificially in ·the Boles 
well field by injecting the water into ·the production wells. Experiments 
would first have to b·e made to deter;mine the effects ·on both the 'Wells and: 
the· aquifer. Prolonged artificial recharge in the well field would raise 
th~ water level measurably. In the western part of the well field artificial 
recharge would inhibit saline-water encroachment from the west and·northwest. 
In the eastern part of the well.field, artificial recharge··would repressure 
the artesian part of the reservoir and inhibit local adulteration of the · 
wells from the shaliow part of the aquifer. Artificial recharge, using the 
lake ~ter1 would store surp~us lake water that otherwise might be lo~t by 
overflow from Bon! to Lake or·· b:y. evaporation. 

· (3) Water-level-measurement· program~ In order to evaluate changes 
in the shape of the water table in the Boles well field area, it is·suggested 
that the program of water-level measurements. started in 1954 be continued. 

(4) Water-sampling program. In order to evaluate the changes in 
ground-water quality that res~t from pumping, it is suggested that: 

a) a firm schedule of semiannual water sampling be set up wher~in 
each ~·ole s well will be sampled in March and September, a.nd .. 
b). three ·quality-of-water obse:f-vation wells be establislied be·.;. 
"bveen.·~he Boles well fi~id· and the· saline water body to t~e no:rth 
and·w~st. The existing privateiy owned well in the NW corner. of 
sec·. ~5 and test holes T-8 and·· T-9 in sec. 24, T .. 17i S ., .R. 9 E., 

.... which·· are prese.ntly uncased and plugged, are satisfactorily located 
. . . ·. ·for·:>t~~e·.~~·s.:oiltpost wells. These observation wells, if established, 

shoUld be sampled in March and ·September each year. · · ·· 

In addition to the conservation measUres described above the following 
suggestions are.:ma.de with respect to the Boles well field and expansion of 
the water supplt of the Holloman Air Force Base. · > 

(1) Wel+ ~0 should be used only on ~· standby basis; and ·.if 1 ~f~er clean­
ing and testiri,g!. well 14 .~continues to produce saline· water 1 it . sho'lil~ be 
plugged. Ho~v~r, both wells 10 and 14 could be used for artificially . 
recharging the aquifer. . 

(2) It does not appear necessary to mud or case off the shallow-water 
aquifer because :~most wells in the well fi~ld produce a mixtur~: ·of Wa.ter of 
acceptable quality from the deep and shall9w zones. Ho~ever,.the quality of 
water from the $everal wells in the field should be determined semiannually 
in order to aet~ct probably further adUlteration of the dee~ ;pne fro~ the 
shallow zone. · ', . · · .'· j. · 

.( 3) Gre~t~r care should be exercise~.~· in perforating the ... basidgs of 
p~oduction wells drilled in. the future. Pe:t-forations generaliY: shouid not 
be longer than .6 inches and ··wider than one~eigFlth inch. Howeve:r, tHe . 
numbe~ of. perforations s~o~d be as great as poss~ble consist~ht with screen' 
stren·gth,:· c·onsideration should be given to the use of manufactured.. screen 
if gravel-wallett wells are develbped. 
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(~) .Successful gravel-wa~ied wells see~ingly can be de~eloped in.the 
well field if sufficient care is e~~'rcis~d in choosip.g. the ··screen and gravel 
sizes. · · ... · · · · · 

{ 5) Before drilling a.' production well at any. desired· location, a test· 
hole· should b.e drilled first ·and ~f :Po.ssible an electric log of the strata· 
obtain~d. nata from the tes~. hole. wiil.indicate whe~he~· a. production well 
Will be successful and will form the ba:sis for choosing the amount .. of screen 
t~ be used, the size of the screen openi~g, and the size of gravel, if any, 
tq be used. . . . . . .. 

{6)-. The ¢ievelopment of future·. production wells should be thorough .. 
The wells should be (a) ~rged with. close-fitting surge blocks, b~iling out 
the sand washed into the well b:(·.surging, (b) treated after surging, vrith 
mud-cutting chemicals, and (~) surged and overpumped with the test pump. 
Operations (a) and {c) ·shoUld be continued until the amount of sand obtained 
from the well diminishes measurably o. . . . · . ·; 

{7) · The well should be test pumped after development both to:deter­
m~ne the hydrologic characteristics of the aquifer around the well and to 
provide a basis for specifying the size of the production pump. 

{8) No production well .should be pumped at it~ maximum capacity. 
Generally· the production pump should be capable of pumping not more than 
three qu~rters of the maximum yield of the well. ·, 

(9) In ord~r to prov~de a basis for continuing re-evaluatio,ri.of the 
status of ground:.:water suppliep in.the Boles· well field, it is suggested 
that complete records of ail phases of well-field operation .be collected 
and ·filed together in an accessible place. · · 

'(10) In order to facilitate the orderly.keeping of records it i~ 
desirable to continue the practice of numberiilg wells and test holes con­
secutively, in the order of drilling; throughout the lif~ of the well 
field.. ' . ·:. .. . · . · . . . . . · '. : 

(11) . The ar$~ of ground-water s~udies should be broadened ... The: in­
vestigation upon ¥hich this report ~s based was confine~ to the g~ner~l 
vicinity of the .airbase and· dea~t specifically with prob+ems ·in tpe Boles 
well field. In view of the limitations of the Boles ·area and the· antic~­
pat~d growth of the airbase and>.AJ.amogordo, ~1 'possible· sources· of ~otabie 
water within a r~a~onable distance from the airbase should be investigated. 
The area of potabl~ water in To 19 s ~·, Ro 10 E 0' south of the Bolbs weli . 
field, is one such source t~~~ merits further·investigat~ono 
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Table 11.--Description of drill cuttings from wells and test holes 
drilled in 1954 and 1955 in vicinity of Boles well field, 
Otero-County,_ N.Mex.· 

17-9.13..244. u.S. D~pt. of Interior 

(Test hole 22) 

Thickness Depth 

Soi~ 1 · sandy ..... o ................................... . 

Sand, gravel, cobbles ~nd -boulders .• •••••••. -. •••.•••••• 
Sand and _gravel •••••••.•• ··~. ~-................ · •••• ~ ~ ••• 
Clay,_very sandy, and· grav~l, grading downward. 

to sandy cl~y • o o ••••••.••••••••••.•••.••••••••••••••• 

Clay, firm, sticky, sandy, brown •••••••••••.••••••••• · .. 
Clay, firm., sticky, sandy, brown, with medium- . 

grained gravel of black lPile stone •••••••••••.••••••. 
Clay, firm, brown, with li~tle gravel ··········-···· 
·clay, sandy, brown, with some sand and gravel_ •• · ••••• 
Sand and gravel, with some sandy, brown clay •••••••• · 
Sand and gravel, with.smaller amounts o~ clay .•••••• 
Clay, sandy, brown, with some sand and gravel· ••••••• 
Sand and gravel,. 50 percent and 50 percent 

brown clay ......................................... . 
'Clay, brown1 with slightly less sand and gravel than 

from 180. tp .190 feet .•.•••••••••••••••.••• · •••••.•••• 
Clay 1 brown 1 and sand o .................... • .......... • ••••• 

Clay, brown, sand, _and gravel; exceptionally slow 
drilling from 241 to 245 feet .••.•••••••••••••••••• 

Clay 1 brown, with little sand or grave'! ." •••• -." ••.••••• 

17.9.23.333 

(Test hole 3) 

Caliche and a little clay •••••••••••••••.•••••••••••• 
Sand and clay; sand appears to be mostly evaporites •• 
Clay, red ••.•••••••••••••••••••••••••••••••.•••.•••••• 
Clay, red; crystalline gypsum; and some coarse-

grained quartz sand •••.•.•••••.••••••• · ••••••••••••••• 
Clay, red, and crystalline gypsum ••••••••••••••••••• 
S~nd, very fine-to medium-grained; caliche; · 

crystalline gypsum; and a little red clay· .••••••••• 
~and of caliche, very fine-·to coarse-grained, and 
~ gypsum, with little clay •••••••••••••• ~ .......... ... 
Missing ......................... ~ .••.•••••••••••••••••• 
Caliche sand and flakes or grains ................... . 

105 

(ft) (ft) 

3 
. 7.·. 
1 

9 
20 

.10 
10 
20 
·10 
30 
60 

10 

10 
20 

40 
50 

11 
5 
4 

3 
7 

5 

3 
3 
4 

'3 
'10 
11 

20' 
40 

50 
60 
80 
90 

120 
180 

190 

200 
220 

260 
·310 

11 
16 
20 

23 
30 

35 

38 
41 
45 
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Table 11.--pe~cription of d~i~l cutti~gs - Continued 

17.9.23.333- Continued 

(Test hole 3) 

Thicmess 

Cl~y 1 red ............................................ . 
. Clay, red and white, and caliche, becoming sandy 

· towrd bottom .................................. · ••••• 
Clay 1 white, a~d caliche ••••••.••••••.•• • ...... ~ ...... . 
. Clay, .red ................... -••. ~ · .. :!1 ..................... . 

, Clay~ silty red ......... · .. : ...... ~ .~ •. • • · ••••••••••••• -..... ~ 

• 

•• 

C~iche .................... · ... ~-•. -~-.................. : •••••• 
·clay, sandy red, and caliche ····":·········•········· 
Caliche 1 hard ................... · •••• · ••••• " •• ·· ••• · •.•••••• 
Caliche, thin, strata of, intercalated with ·sandy,· 
· red clay. Minor amounts of red. sand, and 

crystalline $Yl>8um •••••••• ·• · .............. ~ • ~ ••••• · ~ ••• ~ . 
Caliche .and red, sandy clay · ••••••••••.•••• -~ .••.•••• _· •• 
C~iche, very fine-grained sand1 and silty ~ed · 

clay ......................... ~ ~ .. ~ · .....•......... ~ ....•.. 
Clay 1 sandy, brown ••••••••••• · ••.••••••••••••••••••••• 
Caliche; fine -grained sand and some white clay •••• '• • 
Clay, white, and caliche, with minor amount's of 

sand and red clay •••••.••••••••.•••••••••••••••••. 
Clay, tan, with minor amounts of sand and c~liche ••• · 

·Clay, brown; with minor amounts of sand and caliche.-. 
Clay, brown, with thin, intercalated strata of 

caliche ............... ·• •••• · ....................... ~, • 
Clay 1 brown •••..•.••.•••••••••••••••••••••••.••• • . ., •. 
Clay, brown, with minor a.inounts of sand and caliche .• 

17.9.23.431.-· -U.S.- Dept. of Interior 

(Test hole_ 1) 

Soil,. msifer6us .•.••• 111 ••••••••• ; •• • ••••••••••• .; ..... . 

Clay, brown, and· ~ali che •••••• · ......... · •.•••• 111 ~ ........ • •• 

Clay 1 s:i.l ty 1 btow, a·nd small gravel .•.• · ••• · ••••••••• 
Clay 1 silty 1 brown, very fine-grained sand,· :arid 

' I ' , .• , , 

Sli1Brll gravel ............................... -~- •••••• ~ ~ • 
Sand,· ve'ry fine- td> fine-grained, and some brown. cla.y. 
Clay, ·sandy, brown, and caliche •. ~ ••...•• ~ •••••••••• 
Clay 1 b::t;own, artd caliche .. • •••..•••.••••• ~ -~ • • ·• ~ • •••• 
Clay; sandy, bro~, and caliche •. ~ ••.•••• ~- •• ~ •.•• ~. ~ 
Clay, ·s~ndy, brow, and caliche with minor ambtint of.-, . . . . 

g:ra vel ..... ~ . ~ ...............•....•....•.... ~ .......... . 

io6 

(rt) · · 

5 

5 
6 
4 
8 
3 
6 
1 

12 
10 

10 
. '6 
4 

10 
10 
~5 

10 
~0 
8 

10 
10 
20 

9' 
21 
16 
19 
10 

10 

Depth 
(ft) 
i 

50 

55. 
61 
65 
73 
76 
82 
83 

95 
;105 

.. 

115 
121 
125-

i35 
145 
170 

180 
200 
208 

10 
20 
4o 

49 
70 
86 

105 
1~5 

125 

.. -·~ . 
·,il 

) 
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Table 11.--Description of drill cuttings - Continued 

· ··17 .9 .23 .431. U. S. Dept. of Interior 

(Test hole 1) - Continued 

Thickness 
(ft) 

.. Sand, fine- to very fine-grained; finely· divided 
.... caliche; and minor amount of brown clay .•.•••••••.• 

Sand, very fine-grained; brown clay; and minor amount· 
of caliche ............. ~- .~~~- ......................... . 

.. Caliche 1 and very sandy, . brown ···clay •••••••••••••••••• 
.Calich~, and very fine-grained sand •••••••••••••••••• 

..... .Caliche 1 and sandy, brown clay ••.•••••••••••••••••••• 
. ,...c..lay 1 . sandy 1 brown, and caliche ..••••• ~ •.••• ~ .•••••••• 
.Clay, brown; very fine-grained sand; and caliche .•••• 
.. Clay 1 brown 1 and caliche ............ · •••••••••••••••• · ••.••• 

. ' 

Clay, sandy, brown, with minor amounts of caliche 
and small gravel .•....••• · .............. ~ ••• · ••••••••••. 

Clay, brown, caliche and minor amount of small gravel 
Clay 1 sandy 1 brown, with minor amount of caliche ••• · •• 
Clay, brown, with mfnor amount of caliche •.••.••••••• 
Cal.~~he., an9, ·sandy, ·brown clay . -~- •• ~- .. ~ • ~.· .•• · •••• · •••••••• 
Caliche, fine- to very fine-grained sand_, and minor 

a.Inount of brown clay ~ •.••••••..•••••••••••••••••••• 
Clay, sandy, brown; caliche; and minor amount of 

gravel ............................................. . 

17 • 9 • 24 .142 .. A • Stafford and W. B . Blakemore 
(Test hole 8) 

Clay, red-brown; sandy at surface, becoming slightly 
sandy with caliche near bottom ••••••••••••••••••••• 

Clay, sandy, brown, with a little gravel •••••.•.•• ~ •• 
. . I 

Clay 1 sandy 1 and caliche •.•.•••••••••••.•••••••••• ,.J. •• 

Clay, soft, sandy, brown, with some gravel ••••••• : ••• 
Sand, very fine- to medium-grained; very. small gravel; 

and sandy, brown clay •••••••••••• .- ••••••••••••• ,· ••• 
Clay, brown ••••.••••••••• ·• ••••••••••••••••••••••••••• 
S~nd, very fine- to medium-grained; very small gravel; 

and sandy, brown clay ............................. " •• · 
Clay 1 soft,. brown, with some sand and gravel, b·ecoming 

very sandy in thin zones ••••••••••••••••••••••••••• 
Clay, soft, red-brown, with some sand and gravel, 

gravel predominantly of black limestone1 becoming 
less sandy near bottom. • • .................... ~ .• • ....... . 

.107 

20 

11 
10 

9 
8 

17 
10 . 
10 

10 
10 
10 
20 
10 

10 

10 

20 
10 
10 
10 

10 
4 

6 

20 

30 

Depth 
(ft) 

145 

156 
166 
175 
183 
200 
210 
220 

230 . 
240 
250 
270 
280 

290 

300 

20 
30 
40 
50 

60 
64 

70 

90 

120 
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Table 11.--Description of drill cuttings - Continued · 

17 ·9 .24.142. A. Stafford and W. B. Blakemore 

(Test hole 8) ~ Continued 

Clay, soft, sandy, red-brown; becoming very sandy 
with medium-grained sand near bot.toni ••..•••••••••• 

Sand and small gravel, mostly of black limestone, 
and sandy 1 reddish cl~y .......... • ••••.•••••••••••••.•••. 

Clay, sandy, red, with a iittle .. sand and small·gravel 
Clay, sandy, red-brown; ve·ry sandy clay in thin· · 

strata below 200 feet •••.••••••••••••••••••••••••• 
Clay,. sandy to very sandy, red-brown, with minor 

amount of small gravel •••••.•••••••••• o • · •••••••••• 

Clay 1 sandy, brown ••••••••••••••••••••••••••••••••• ·• 
Clay, soft, brown, and very small gravel •••••••••••• 

Thickness 
(ft) 

io 

10 
40 

50 
4o 
12 

17.9.24.222. Pearl F. Harrington; et.al. 

(Test hole 9) 

~ Soil, sandy, chocolate-brown, ·with much sand and 
gravel and some reddish clay· •••••••••••••••••••••• 

Sand and gravel, and red clay in alternating beds 
10 

• 

about 2 feet thick •••••••••••••••••••••••••••••.••• 
Clay 1 silty 1 red,· with .included gravel •••••••••••••.• 
Sand and small gravel ............................... . 
Gravel, mostly bit-cut .••• o ••••••••• ~ •••••••• ~ ~ •• ·• ••• 

Clay 1 red, ·and bit-cut gravel •••••••.•••••••••••••••• 
Clay, silty, brown, with some gravel •••••••••••••••• 
Clay, sandy, red-brown, with small amount of very 

coarse sand •••• ·• •••• ·• ••••••••••••••••••••••.•••••••. 
Clay, sandy, brown, with very small gravel •••••••••• 
Clay, sandy, red-brown, with small gravel ••••••••••• 
Clay, sandy, firm, red-brown, and bit-cut gravel •••• 
Clay, sandy, brown, with small gravel and minor 

amount of iarge gravel ••••.••••••.•••••••••••••••••• 
Clay, s~ndy, brown, and minor amount of· gravel •••••• 
Clay, sandy, brown, and clayey sand ••••••••••••••••• 
Clay, sandy, brown, and small gravel ••• o •••••••••••• 

Clay, red-brown to brown, and sandy clay, with 
minor amount ·of gravel and.white clay ••••••••••••• 

Sand and gravel; 75 p~rcent; sandy .clay, 25 percent· ••. 
Sand, and small gravel, 50 percent; sandy clay, 50 

percent. (Rocks drilled from 180 to 200 feet al­
ternated in beds from 6 inches to 2 feet thick) .•• 

loB 

10 
9 
1 
3 
7. 

20 

10. 
20 
20 
10 

10 
10 
10 
20 

10 
7 

13 

Depth 
(ft) 

130 

140 
180 

210 

260 
300 
·312 

10 

20 
29 
30 
33· 
4o 
60 

'70 
.90 

.llO 
120 

130 
·140 
150 
170 

180 
187 

200 
) 
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Table 11. -:--Description of drill cuttings_ - Continued 

17.9.24.222. Pearl F~ Harrington, et· al. · 
(Test hole 9) - Continued 

Thickhess Depth· 

Clay, sandy, red, 50 percent; gravel, 50 percent, 
with minor amount of caliche; with very large, 
bit-cut gravel from 200 to 203 fee:t ................ . 

Gravel, bit-cut; 85 percent; and sandy, red clay.· 
· (Formation was very hard, wfth slow drilling from 

228 to 230 feet, and moderately hard from 230 to 
2 3(5 feet) • · ............ ~ ••••••••.••..•••••••• ~ ...... ~ • 

Clay, red-brown, with a minor amount of sand and 
gravel at bottom;; somE7 of clay appears to di·ssol ve 
into the drilling mud. • ••••••• · •••••••••• · ••••••.••• 

Clay,_ re4-brown, with minor amount of gravel, 
occurring as very thin strata ••••••••• .' ••••• · •••••• 

Clay 1 red-brown 1 with minor amount of gravel. · (Ex- . 
tremely hard stratum at 275 to 278 feet, either 
of cemented gravel or of cobbles and boulders •. 
All returns were completely bit-cut) •••••••••••••• 

Clay, firm, red-brown, with a few thin strata of 
gravel .................... · · · · · · · · • · • · · · · • · · · · · · · · 

Clay, red-brown, with little gravel .•••••••••••••••• 
Clay, red-brown, grading·into next stratum ····~··~··. 
Sand and clay ••••••••••••.•••••••••• · ••••••••••••••••.• 

.. Clay and gravel •.••.••••••••••••••••••••.•••••••••••• 

17 .9.24.343. W. L.· McCommon 

(Boles well 34) 

Soil, silty.clay; and caliche ......................... · 
Clay, soft 1 silty yellow-tan ••••••.•••••••••• ~ ••••••• 
Clay, sandy, tan, and gravel ........................ . 
Sand, very fine- to fine -grained, with minor amount 

of clay and gravel ......................... · ~ · ....... · •••• 
Clay, firm, slightly silty, red-brown, with minor 

amount o·f gravel •••••••••••••••••••••.•.• ·• ·~·· ••• · •••••• 
Clay, soft, very sandy, tan, with minor amount-of . 

gravel and ~aliche ••••••• I! ••• ~ ••••••••••••.•••••••• 
Clay, silty, brown ••.•••••••••••••••••••••• · •••• ~ ••••• 

·clay, sandy, brown, and some large, black limestone 
gravel ................ · • • • • · • • · • • · · • • ~ · • · • • • • · • · • ·· • 

Clay, firm, brown~ with minor amount-of gravel •••••• · 
Clay, firm, brown, and nodular caliche •••••••••••••• 

i09 

(ft) (~t) 

20 

20 

10 

20 

10 

10 
10 

5 
3 
6 

10 
10 
10 

10 

20 

10 
10 

10 
10 
10 

220 

240 

250 

270 

280 

290 
300 
305· 

. 3o8 
314 

10 
20 
30 

4o 

60 

70 
80 

90 
100 
110 

.. · . 
.. 

.. 
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• Table 11.--Description of drill cuttings -·continued 

17.9 .2·4 .343. W. · L. McCommon 

(Bol~s wel~ 34) - Continued 

Clay, soft, tan, with minor amount of.very small 
gz-a vel ....••.......••.... ·• ..... · •.•.•...............• o 

Clay 1 firm, silty, brown, and nodular caliche ••••••.•• 
Clay, silty, brown, with minor.am9unts of caliche 

and small gravel •••••••••••.•• ·~ • • ·"· ................... ~ 
Clay 1 silty 1 brown, and white· calcareous clay •·• ~ ••••• 
Clay, brown; caliche; and minor amount of ·gravel ••••• 
Clay 1 plastic 1 red-brown· ................... ~ ••••••••••.• 
Clay'· brown; white ·calcareous clay; and minor amount 

of small gravel •.••••••••••..•••••••.• · ••• : ••••.••••• 
Clay, soft, very sandy, tan; very small gravel; and 

minor amount of caliche ....................... · ........ · 
Clay, firm, plastic; caliche; and minor amount of 

gravel .•••..•••••••••••••••••• ~ •.• ·• • •• • • • •• • • • • • · •. • • 
Caliche and gravel with some brown ·clay •••••••••••••• 

•
. Clay, tan .•••.•.•...•.•••.•..•..•.• ~ ••••.•• · .•.•.••••.• 

Clays 1 brown and white ................................. . 
Clay, soft, very sandy, tan, and caliche .•••••••••••• 
Clay, firm, red-brown, and caliche ••••••••••••••• ~ ••• 
Clay 1 silty 1 brown, with minor amount of gravel · •••••• 
Clay, firm, red-brown·, and calic~e .••••••••••••••••••. 

17.9.25.123. Leah Henry 

(.Test hole 21) 

Clay, silty, with minor amount of caliche •••••••••••• 
Clay, silty, brown, with minor amount of gravel ••.•••• 
Clay, soft, gray to white •••••••••••••••••••••••••••• 
Clay, silty, brown, with inclusions havi~g a 

limonitic appearance ••••••••••••••••••• ~ •••• ·~ •••••• 
Clay, firm, brown;· with minor amount of cali~he near 

bottom ....•.... · .. · .•..•. ·· ............................ . 
Clay, brown, with several thin, hard strata or· caliche 
Clay, ·red-brown, with caliche, and with minor amount 

of sand at about 48 feet •.••••..••••••••••••••••••• 
Clay, red-brow, with some. sand and gravel ••••••••••• 
Clay, sandy, red-brown; minor amount of gravel; and. 

thin strata of very fine-grained sand ······~······· 
Clay, silty, red, intercalated with strata of caliche 

• and fine-grained sand ••• ~ ~ .•.•••••• ~ •••••••••.•••• ~. 

110 

. . .(• . 

Thickness Depth 
(ft) (ft) 

5 115 
15 

·' ~· ... 
130 

10 14o 
10 150 
10 160 
10 170 

10 180 

10 190 

;o 220 
3 223 
1' 230 

10 240 
10 . 250 
10 260 
10 . 270 
10' '280 

10 10 
3 13 
4' 17 

3 20 

10 30 
10 4o 

10 50 
. 10 60 

10 70 

20 90 
') 
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Table 11.-Description of drill cuttings Continued -

17.9.25.123. Leah Henry 

(Test hole 21) - Continued 

Clay, silty, red· ••.......•••••••••••••••••••.•••••• 
Clay, silty, red, and caliche .••.••••••.•••••• ; •••• 
Clay, red, and sandy caliche_ ......................... . 
Clay, red; caliche; and a very .. compact red clay, 

called "shale" by driller; becoming much softer 
and sandier toward bottom •.•••••••••••••••.•••••• 

Clay, ·silty, red to brown; caliche; and n;tinor · 
. amount of sand and gravel ••••••••••••• · •••••••.••• 
Clay 1 red and white •••••••••••••.•••• ~ ••••••••••••• 
Caliche ..........................•...•...•......... 
Clay, red; sand in very thin strata; and·som~ very 

small gravel or very coarse sand •••••••••••• : ••••• 
Sand, very fine- to medium-grained, and s~ndy clay •• 
Clay,. red, and gravel .•••.•.•..•.•••••••••••••••••• 
Clay, sandy, and sand, grading into clay and 

caliche at bottom ...•..•••••••.••••.••• · ••••••• ~ ••• 
Clay, red, and caliche •••••••••••••••••.•••..••• ~ ••• 
Clay, red-brown, and caliche; with thin strata of 

sand from 218 to 220 feet ••••••••••••••••••.••. ~. 
Clay, sticky, silty, red, and caliche •••••••••••••• 
Clay, red-brown, with minor amount of caliche •••••• 

17.9.25.212. L. c. Boles 

(Boles well 35) 

Clay, brown •.•••••••••••••••••••••••••••••••••••••• 
Clay, brown, with sand and gravel of black 

lime stone .•.•.•.•. · •••••••••••••••.••••••• ~ ••.••••• 
Clay, tan; yery fine-grained sand; and gravel of 

tan limestone ••••••••••••••••• · ................... . 
Clay, brown; s~all gravel; and minor amount. of 

caliche ............................. ~ ........... . 
Clay, silty to sandy, brown, with minor amou~t of 
· gravel ••.•••••••••.••••• • • • • • • • • • • •· • • • • • • • • • • • • • • 
Clay, firm, plastic, brown ••••••••••••••••••••••••• 
Cl~y, firm, plastic, brown; gravel; and pebbles ••••. 
Clay, sandy, brown; very. f~ne-grained sand; and 
.. gravel .............. · · · · · • · • · · · · · • • • • .~. • · • • · • • • • • 
Clay 1 silty, brown, and ·gravel ...................... . 

. 111 

Thickness 
(ft) 

10 
10 
10 

20 

10 
6 
4 

10 
7 
3 

10 
20 

20 
20 
62 

20 

10 

10 

10 

20 
10 
20 

10 
10 

Depth 
(ft) 

100 
110 
120 

140' 

150 
156 
160 

170 
177 
180 

190 
210 

230 
250 
312 

20 

30 

40 

50 

70 
80. 

100 

110 
120 



• 

• 

Table 11.--Descri~tion of drill cuttings - Continued 

17.9.25.212. L. c. Boies 

(Boles well 35) - Continued 

Clay 1. brown,· with minor amount of gravel •••.••••••• 
Clay, tan, with minor amount of gravel •.••••••••••• 
Clay, silty, tan, and caliche ••••••••••••••••••• ~ •• 
Clays, silty, red-brown and tan, ... and qaliche ••••••• 
Clay 1 slightly silty, brown .•• :·. ·• ~·· ••••••••••••••••• 

·clay, red-brown; caliche; and minor· amount of gravel 
Clay, red-brown, and caliche •••.••••.•••••••••••••• 
Clay, firm, brown; a few pebbles; and a minor amount 

of caliche .••••.. ~ • o •• ., o ·•• o •••••••••••••• ;. • · ••••••• · 

Clay, firm, brown, and caliche ••••••••••••••••••••• 
Clay 1 tan .......................•........ · ......... . 
Clay I tan, and minor amount of caliche .............. . 

17 .. 9.25.3240 L .. L. Pate, et ux. 

(Test hole 7) 

Soil, black-brown, clayey ...... · ••••.•• · •••••••••..••• 
Caliche ..................... ~ ..•....•....•.•.... · ....• 

'Clay, brittle, red and white ••••••••••••••••••••••• 
Clay, silty, brown, with grains of caliche_and 

minor amount of very small gravel or very coarse­
grained sand; becoming siltier toward bottom ••••• 

Clay 1 s~ndy, yellow-brown, and sand • ., ••••••••••••• ·• 
Sand; very fine- to medium-grained, limestone; and· 

minor amount of tan clay ••••••.••••••••• ~ ·• ••••••• 
Sand and caliche with minor amount of clay ••••••••. 
Clay, sandy, red, with included grains of caliche •• 
Clay, sandy, red, becoming sandier toward bottom ••• 
Clay, sandy, tan, with thin. stratum of caliche at 

70 feet .................... Cl •••••••••••••• • ••••.•. • e 

Sand, very fine- to coarse-grained, with minor 
amount of caliche and clay ••••••••••••••••••••••• 

Sand, medium- to very coarse-grained ••••••.•••••• .' •• 
Clay, sandy, tan, with some caliche and very coarse-

grained sand· •••• o ••• " ••••••• ·• ••• · •••••.••• .- •••••••• 

Clay, silty, red •••••••••••••••• ·• •••••••••.••••••• ~ ·• 
Silt, ail ty clay or clayey .••••••••••• · ••••••• · ••••. · •• · 
Clay, and very coarse-grained sand or very small 

gravel, mostly of lime.stone. Clay is very silty 
. • . from 125 to 135 feet •• ~ •••• ·• ~ ••••••••••• • ••••••• ·• 

112 

·--'.·· 

Thic~ess Dep~h 

. (ft) (ft) 

10 
'20 
10 
10 
20 
10 
10 

30 
10 

·10 
10 

6 
'1 
3 

10 
10 

10 
10 
10 
10 

10 

5 
10 

7 
3 

10 

20 

130 
150. 
160 

. 170 
.190 
200 
210 

240. 
250. 
260 
270 

6 
7 

10 

20 
30 

40 
50 
60 
70~ 

80 

85 
95 

102 
105 
115 

:h'5 :. 
~ 
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Table 11.--Description of drill cuttings - Continued 

17.9.25.324 .. L. L. Pate, et ux. 

·(Test hole 7) - .Continued 

Clay, soft, silty, tan, with very small gravel •.••••.• 
Clay, firm, tan, with much very small gravel in some 

zones · ...................................... · ........... · 
Clay, sandy, tan, and cali cli~ ••••••••••••••••••.•• ·~ ••• 
Cl~y, sandy to silty, .red and ·tan; caliche; and 

some very small gravel ...•....•...•.•.• ~ ••••.. · .•.•. ~ •• 
Clay, slightly sandy, with some gravel and cali¢he 

(Stratum of caliche from 19~ to 191 feet) ••. · .••.••• 
Clay, red to red-brown; and large amounts of caliche, 

either ~s granules or as thin strata 1 to 2 inches 
thick. Minor amount of grav~l and little or no 

·.sand •••••••••••••••.•••••••••••••••••••• ~ ••••••••••• 
Clay, red-brown, with less caliche than·from 195 ~o 

265 feet ........................................... . 
Clay, light red-brown, with minor amount of caliche •• ~. 
Clay, red, and caliche. Some of clay very compact 

and brittle ................................... ~ ....... . 
Clay 1 fir.m, red and brown •••••.••.•••...••••••• · ..••••• 
Clay, brown, with some sand and very small gravel; 

less gravel toward bottom····~···············.······· 
Clay, sandy or silty, red and gray ..•••...•..••••.•••• 
Clay, sandy or silty, red to brown.and gray, with 

minor amount of gravel and caliche. Nearly all 
clays in last 40 to 50 feet appear partly to dis­
solve into the drilling mud· ..•••.•••••.•..•.•••. • •••• 

Clay, slightly sandy, tan, which appears to dis-
solve into the drilling mud .••.••••••••••••••••••• ~. 

Clay, dense, hard, red, and sand .••••••••••••••••••••• 

17.9.25.444. Virginia H. Leonard 

{Test hole 11) 

Clay, firm, tan, becoming softer toward bottom •.•••••• 
Clay, soft, silty, tan, with minor_amount of gravel ••• 
Clay, firm, .tan, with some silt or sand near top ~····· 
Clay 1 slightly sandy 1 tan ••.•••.•••••••••••••••••••••• 
Clay, sandy, tan, intercalated with thin. strata of 

v.ery fine•grained sand. Partial loss of circulation 
when· 60 feet reached. . ••••.•••.•••.••••••••••••••••• 

) 

113 

·Thickness 
(ft) 

20 

10 
10 

10 

10 

75 

30 
10 

20 
10 

20 
30 

40 

66 
26 

20 
10 
10. 
10 

10 

Depth 
(ft) 

155 

165 
175 

. 185 

~95 

265 

295 
305 . 

325 
335 

355 
385 

425. 

491 
517 

20 
·~ 30 

40 
50 

60 



' .,_ 

• 

• 

• 

.:· 

Table 11.--Description ·of drill cutt.ings -.Continued 

17 ·• 9 • 2:5.444 • Virginia H. Leonard 

(Test hole 11) - Co~tinued. 

Clay, slightly silty, tan, containing yellow-brown 
spots ............................... • •...........•. 

Clay, slightly gritty, .red-brown •••••••••••.•••••••• 
Clay, red-brown, with some caliche ~ ••.••.• ." •••••••• ~ · 
Clay, . soft, tan to brown, with some· caliche : •••••••• 
Clay,. soft, silty, brown, and caii che •• o ••••••••••• · o 

Clay, si~ ty and silt. • o o ~ ............................ ~ • · 

Clay, silty, and caliche; clay became red at.~bout 
260 feet •• o ••••• o •••.• o ••••••.•••••••••••••••••••••• 

17.9.26.431. U. S. Dept. of Interior 

(Test hole 4) 

Soil 1 tan ............... ~ .. ~ ... ~ .... ~ ........•........ 
Clay with large amount of caliche •••••••.•••••••.•••• 
Clay, red; sandy near top and becoming full of 

caliche at about 15 feet •••••••••••••.•••••••••• ~. 
Caliche, gray clay, and crystalline gypsum o••••••••• 
Clay 1 red and gi'ay •••.•••.••..••••••. ., ••.• .- •• ·~ •.•.•• ~ • 
Sand, very fine-grained .~ ••.••••••••.••••••••.•••••• 
Clay,. red,· becoming very sandy at 39 feet ••.•.•••.•.• 
Clay and sand .•...•.••• o •••••••••••••••••• o • o ••••••• 

Sand, very fine-grained, and minor amount of caliche; 
Sand~ very fine- ·to fine-grained, becoming clayey 
. to~rd bottom ... ~ •• ~ ••••• ~ •.• ~ •••• ; ................ : •• 

Sand, with minor amoun-t of clay .••.••••••.•••••••••• 
Clay, soft, red-brown and white; very sandy at top 

and grading downward to a gritty clay at bottom • ~. 
Clay, sandy, with large amount of very fine-grained 

sand •••.•••• • •.•••• o • ~ ••• · .......... · ••••• · ••••••••••• 

Clay,. gritty, r~d, containing grains of caliche or 
very small gravel, and becoming redder and more . 
cdmpact toward. bot tom • o ••••••••••••••• ' ••• ~ •••••• ~ • 

Clay, sandy, tan o •••• o ••••••.•••••••••• ~ • 0 • ~ ' ••••••••• 

Clay, red, ~ntef.ca.lated with strata of very hard 
sa_ndy caliche. • ••••.••• · •••••••••••••.•••••••••• " •••• 

Sand, clayey, and caliche,.With a hard stratum.at 
89 feet o •••••••••••••••• a ... · . ...•..... ~ .........•.•• 

Clay, soft, sandy, and very small gravel •••••••••••• 

114 

Thickness 
(f't) 

20 
.35 

5 
10 
22 
8 

147 

.3 
7 

13 
5 
·2 
2 
8 
1 
2 

7 
1 

9 
.~ 

5 

12 
4 

5 

5 
3 

Depth 
(ft) 

. 80 
115 
120 
130. 
152 
160 

. 307 

3 
.10 

23 
28 
30 
32 
4o 
41 
43 

50 
51 

60 

65 

77. 
81 

86 

91 
94 

~ . 
.Jfl 

) . \.:" 



• 
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Table li. --Descriptio~ .. of drill cuttings ·- Cont~nued 

Clay, 
~lay, 
qlay1 

Clay, 
Clay, 
Clay, 

· 17.9.26.431. u. s. Dept. of Interior 

(Test hole 4) - Continued 

compact, gritty, red ...... ~ ................... • 
soft 1 sandy . o ••••••••••••••••••• · •••••.•• · ••••••• 

soft, gritty, red ........ • •••••••••..•••••••••.•••• 
sandy,. and .sapd · .•••• ~ ;~~ .• •, .......... ~ ••••••••••• ~ . 
sandy, white ••• · •• ~ .•••• ~ ••••••••• · ••••• ~ ••••••• 
sandy, white, grading downward into very sandy, 

red-brown clay .•.••••••••••• · •••••••••••••• ~ ••••••• 
Clay 1 firm, red .••••••.•••••• o ••••••••. • • ·• .• · •• ." •••••• :-

Clay, soft, slightly gritty,· brown, becoming very 
gritty toward. bottom .•••••••.•••• · .................... . 

Clay, soft, brown, with very small gravel, f~~e­
grained sand and a few thin strata of caliche-
cemented sand • o •••••••••••••••••••• ·: ~· ••••••••••••• ~ 

Clay 1 soft, gritty, brown ..••••• ~ ••••••••••••••••••• 
Clay, soft, gritty, red and white • · •••••••••.•• · •••••• 
Clay, firm, brown, with much small gravel •••• · •••••••. 
Clay, s9ft, gritty, brown,· becoming very. gritty and 

sticky from 170 to 180 feet and very soft from 185. 
to 187 feet ................•...... -.· ... · ........... . 

Clay, soft, gritty, brown and white •••••••••••••••• ~ 
Ciay, moderately firm, red~brown •••••••••••• ~ ••••••• 

17.9.36.414. State of New Mexico 

(Test ho~e 20) 

Soil, silty, cl~y~·y, •••••••••••••••••••••••••• • ••• · ••• 
Clay, red .................................. ~ ••• ~ •••••• 
Clay 1 silty 1 brown ..................... · ••••••••••••••• 
Clay, silty,. brown, and caliche, with white clay near 

bottom ....•. ~ ............•......•.....• • .. ~ ...... . 
Clay, white, and cal! che .••••••••••••.•••• ~ •••••••••• 
Caliche, hard .• ~ ••••••••••••••••• · •••••••••• · .••••••••• 
Clay, white, and caliche •.•••••••••••••••••••••••••• 
Sand,. -.and· sahdy red and· whi:te ·clay •••• · •••••••••••••• 
Clay, firm; r~d .••••••••••••••••••• ·• •• · •••••••••• : .•••• 
Clay 1 sandy, re~ •••••••••.••••••••••••.•••••.•••••••• 
Clay, sandy, red., and caliche ••••••••••• • ·~ ••••••••• ~ 
Clay, sandy, red, and caliche; ~andier ne~r bottom; 

with some very small .black gravel ••••••••••••••••• 

115 

_. 

Thickness 
(ft) 

1 
3 

12 
l,O 
10 

10 
2 

8 

9 
4 
2 
2 

23 
10 
9 

5 
22 
3 

16, 
6 
1 ,. 
6 
4 
5 

35 
I 

10 

Depth 
(ft) 

95 
98 

110 
120 
130 

140 
142 

150 

159 
163 
165 
167 

190 
. 200 
209. 

5 
27 
30 

40 
46 
47 
50 
56 
60'. 
65 

100 

110 



• Table 11.--Description of drill c~ttings - Continued 

17.9.36.414. State o.f New Mexico 

(Test hole 20) - Continued 

Sand, sandy white clay, very small, black gravel 
and minor amount of caliche • o •••• o •••••••••• -~ ••••• 

Clay, sandy, red, with some black gravel and minor 
wnount of caliche ••••• o ••••• ·· •• ~·!I • o o ~ ••••••••••••••• 

.Clay, red; caliche; minor amount_of·· gravel; and some 
. thin strata of sand ••••• ~ •• o;.~o••·········o•••••• 
Clay, sandy, red; some thin strata of sand; and 

minor amount of caliche o • o ••••• o ~ •• ~ ......... o • ~ •••• 

Clay, red, very sandy in sonie zones, with thin, hard 
strata of caliche at 166 arid 168 feet •.•••••••••••• 

Clay, red, 50 percent; and caliche, 5.0 percent ~ •••••. 
Clay,· silty, brown, and caliche, becoming somewhat 

sandy toward bot tom. • .0 • a • 0. 0 .... 0 0 •••• 0 • 0 0 ~ 0 • 0 ••• ~ ••• 

Clay, sandy, re~, intercalated with thin strata of 
· medium-·to" coarse-grained sand and· caliche, with 

• minor amount of gravel near bottom •••oo••••o•••··· 
Clay, red-brown, and caliche with thin stratum of 

caliche at 243 feet a 0 ~ 0 ••••••• 0 ••••• • .•••• 0 ·• 0 0. 0 ••• 

Clay, red-brown ·········•··········o····~·o••o••·~···· 
Clay, red-brown, with caliche and minor amount of 

black gravel o • o •••• o ••••• o • o •• o o ••. a o o •••••••. • ••••• 

•• 116 

Thickness Depth 
. (rt) (ft) 

10" 120 

10 136· 

20 150 

10 160 

10 170 
10 180 

30 210 

20 230 

60 290 
10 300 

12 312 

) 
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Table 12.--Drillers' logs of wells in vicinity of Holloman Air Force 
Base, Otero County, .N. Mex. 

State of New Mexico 

(State Engineer's Alamogordo well, 1930) 

Soil 
.Gyp 
Red 

.......................................... ........................ 
·.· .. ' . ............................................ clay 

Water-bearing gyp~ 
Grayish-red clay 

30 gpm .•••.•• 0 ••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gyp • • • .• • • • • • • • • • e • • • • • • • • • • • • • • • • • • • • • • • • • • li • • • • • • • 

Red clay and gyp •••••••••••••••••••• 0 •• • •.••••••••••• 

Gyp a a a a • a a a a a a a a a a a a W a a a a a a a a a a G a a a a a .• a a a e 0 a a a a a a a a 

Red clay and gyp . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 
16.9.23.240. J. I. Collins 

Soil ................................................. . 
Red clB.y ......................................... ~ •.••••• 
Gray clay •••••••••••••••••.••••••.•••••••••••••• ·- ••• 
Red clay; and -water ••••.••••••••••••••.•••••••••••• 
Red clay, gravel and -water .•••••••••••••••••••••••.• 
Red clay .•••••••••.•.•••.•••••••••••••••••••••••••• 
Red clay and gravel •••••••••••••••••••••••••••••••• 
Gray qlay • • • • . • . • •.•••• • .••••••••••••••••••••••• 
Red ~lay, gravel, and -water •••••.••••••••••. • ••••••• 
Red clay, gravel, and some sand •••••••••.•••••••• 
Red clay and -water •••••••••••••••••••••• ·• •••••••••• 
Red clay and gravel .•.••••••••.••••••••.••••• -;. ••••• 
Pea gravel and water •••••••••.•••••• ~ •••••••••••••• 
Gray clay .................................. • •••••••• 
Red clay •.••••..•••••• ·• •••••••••.•••••••••••••••••• 
GJ;ay clay .•••••..•••••••••••••.••••.••••••.••••••••• 
Red clay •••.•••.•••••••••••••••••••••••••••••• 

Red clay 
Gypsum 

16.9.26.210. 

{From Fig. 11, WSP 343) 

.. ~ ........................................ . ............................................ 
Stx·atified red clay and claystone •••••••••••••••••• 
Red clay and gravel • ·• ••••••••• fl ..................... . 

Lime rock· •••••••••••••.•••••••••••••••••••••••••.•••• 
Yellow clay and clayston·e ...................... 

117 

Thickness 
(ft) 

1 
1 

61 
2 

132 
2 

146 
3 

177 

3 
15 

4 
40 
8 

13 
a. 
7 

16 
13. 
15 
'9 
9 

13 
1 

28 
8 

'15 
5 

71 
35 
6 

80 

Depth 
{ft) 

1 
2 

63 
65 

197 
199 
345 
348 
525 

3 
18 
22 
62 
70 
83 
91 
98 

114 
127 
142 
151 
i6o 
173 
174 
202 
210 

15 
20 
91 

126 
132 
212 



• Table 12 .---prillers' logs -of wells Continued 

16.9.26.210 

(From.~ig. 11, WSP.343) Continued 

.. 

Red clay ................. . ....... . 
Sticky red clay •.•.••••.•••••••..••••••••• 
Red clay •• ·• ••.. • •••••••••••••• 0 •••••••••••••••.•• 

Yellow clay 
Red clay 

•••••••o•••••••••••,•,••••••••••••••••••• 
0 •••••••••••••••••••••.•• ,• •••••••••••••••• 

·Blue clay 
Y~llow clay 

............... ~ ....... · ................... . 
IOIIIOIIOiaeaaaaeaaaaoaa·aaaaaeaaaaalalll 

"Clayey material" •••••••. 

·Thickness Depth· 
(ft) (ft) 

25 237 
69 306 

152 458 
10 468 

6 474 
9 483" 

20· 503 
501 1,004 

16.10.18.241. New Mexico School for Visually·Handicapped 

• 

• 

Soil a I I a a I I • I a I I I I a I I I I I a I • I a a I I I a a a a e I a I a I a a e ~ .• a I a 

•••• 0 ••••••.•••••••••••••••••••••••••.• Red sandy clay 
Gravel, gyppy water ooo.aoo•••••••••••••••••••••••••• 

Red . sandy clay ·• .••••.•••••••••••••••••.••.••.•.•••• 
0 ......... 0 •••••••••••••••••••••••••••••• Sand, water 

Red sandy clay 
Gravel, water 
Red sandy clay 
Gravel, water 
Sand 
Clay 

. 
0 • • • • • • • • .0 • 0 • • • • • • Cl • 0 • • • • • • 0 • • • • • • • • • 

oooaooao••o••••••••••••••••••••••••••• 

• • a e D e a • e e a a a a a a a a e • a e e a a a 8 a • a a a a a e a a 

•••••• 0 ••••••••••••••••••••••••••••••• 

•••••••o••••••••••••••••••·••••••••••••••••••••• 

•••••••••••••••••••••••o•••••••"••••••o••••••••• 
Coarse, water-bearing gravel .. • •••••••••••• 

16.10.33.340 

(City of Alamogordo test hole No. 2, 1945) 

Gravel and boulders ..... ' ......................... . 
Boulders ••••••••oo•••••••oo.e.••••••••••·••••••••••••• 
Boulders and gravel •••• 0 .......................... . 

•• 0 •••••••••••••••••••••••••••••••••• Boulders 
Boulders 
Boulders 
Boulders 
Boulders 
Boulders and 
Sand 

and·gravel 
and layers 
and layers 
and layers 

••••• 0 •••••••••••••••.••••••••••• 

of 
of 
of 

clay 
clay 
clay 

........................ 
and gravel 0 ••••.••••••••. 

• • • • • • • • • a .. • • • • • • • • • • • • • 

clay oaaooaoaoa•••••••••••.••••••••••••• 

•••••••••o•••••••••••••••••••••.•••••••••-••• 
Boulders 1 clay, and gravel •••••••••• o •••• o •.•••••••• 

Sand . . . • . • . . . • . a ••• o o • • • • o .; • • ~ • • • • •· ....... · • • • • ••• ~ • • • ~ • 

Rock • ••• 0 • 0 • Cl •• 0 ••• 0 • 0 •.••. 0 •••••••••••••••• 0 ••••••• 0 

·118 

5 
35 
2 

38 
3 

29 
1 
3 
1 
2 
1 a· 

29 
11 
Bo 
20 
32 
38 
28 
32 
"6 

5 
34 
13 
10 

5 
40 
42 
80 
83· 

112 
113 
116 
117 
119 
120 
128 

29 
40 

120 
140 
172 
210 
238 
270 
276 
281 
315 
328 
338 

]) 

.) 
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Table 12.--Drille.rs' logs of-wells- Continued 

16.10.33.340 
(City of Alamogordo test hole No. 2 ,. 1945) yontinued. 

Thickness Depth 
(ft) 

Sand, boulders, and layers of clay and boulders 
Boulders and layers of clay ••••••••••••• : ••••••••••• 
Sand, gravel, boulders, and layers of clay 
Hard boulders 
Boulders and clay 

.......... •· ........................ . .......... ~ ........................... . 
Boulders and layers of clay· ••••••••••••••••••••••••• 
Boulders and clay, partly soft •••••.••••••• ·• •••••••• 
Boulders and clay ...................... • .. • .......... . 
Rock, .boulders and layer of clay •••••••••••••••••••• 
Hard rock 
Boulders 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :a • • • ............................................. 
Rock, boulders, and layers of clay •••••••••••••••••• 
Clay boulders 
Clay 
Boulders 

.................................. ................................. 
. ..................................... . 

16.10.33.440 

(ft) 

25 
29 
29 
16 
41 
25 
24 
31 
15 
10 

1 
8 
6 

47 
3 

(City of Alamogordo test hole No. 11 1945) 

Boulders 
Boulders 
Boulders 

............................................. 
and soft layers ............................. ......................................... 

Rock ................................................... 
Boulders and soft layers •••••••••••••••••••••••••••• 
Boulders ••••••••.•••••••••••••• . ................. . 
Boulder and sand layers •••••••• . ................... . 
Boulders ............................................ ................................................. Rock 
Boulders ............................................ 
Rock ................................................ 
Rock and boulders ................................. 
Boulders ................. ·• ......................... . 
Rock and boulders ............................... 
Boulders ••••••••• . ... -........................ . 
Rock and boulders ................................... 

119 

53 
24 
1 
2 

102 
65 
25 
8 
2 

139 
23 
31 
62 
25 
82 

3 

363 
392 
421 
437 
478 
503 
527 
558 
573 
583 
584 
592 
598 
645 
648 

53 
77 
78 
80 

182 
247 
272 
280 
282 
421 
444 
475 
537 
562 
644 
647 



•• 
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Table 12.--Drillers' logs of wells Continued 

17.8.13.311. Holloman Air Force Base 

(~~mming Pool.well) 

Gypsum rock 
Red clay ................... 
Sand, briny water ..•••.•. 
Red clay •••..•.... . ... • ..... ·· ........... . 
Sand, briny water ............. · ................... . 
Red cla.y ••••••••••••••••••• 0 •••.••••••••••••••••••••• 

Sand, briny water 
Red clay 
Sand, briny water ••••••••••••••••••••••• 0 ••••••••••• 

Red clay ••••••••••••••••••••••••••••••• 0 •••••••••••• 

17-9-24.342. W. L. McCommon 

(Boles well 33) 

Soil ................................................ 
Red clay 
Gray clay 

•••••••••••• 0 ••••••••••••••••••••••••••••••• ........................................... 
Gray lime rock ................... • .................. . 
Gray clay 
Red clay 

........................................... 
............................................ 

Red clay and gravel. Water at 70 ·feet . ............ . 
Gray clay ••••••••••.• . ........................ . 
Sand and clay .••••••. 
Clay, sand and ·gravel 

. ........................ . 
'D 0 a a a 0 0 a a 0 e a a a 0 a 0 a 0 a a a a a 0 a a 0 a 0 a 

Sand 
Clay 

................................................ 
•••••••• 0 ••••••••••••••••••••••••••••••••••••••• 

•••• 0 •••••••••••••• 0 •••••••••••••••• 

••• 0 •••••••• 0 •••••••••••••••••••••• 

Hard, lumpy clay 
Red and gray clay 
Clay and gravel •••••• 0 ••••••••••••.•••••••••••••••••• 

Red clay ••••••••• 0 ••••••• 0 •••••••••••••••••••••••••• 

17 .• 9.25.112. Dora Prather Cooley 

·(qity of Alamogordo test hole 1, 1953) 

Soil ............ . ......... . .................. . .............................................. Gray clay 
Red clay 
Brown clay 

............... ~ ........................... . ........................................... 
and water oaoao•••••••••••••••oa• Brown clay, grav~l, 

•. Red clay .................... . .................. . 
120 

Thiclqless 
(ft) 

20 
14 
.1 
28 

4 
36 
10 
1 
1 

45 

8 
10 

8 
1 
7 

18 
30 
7 
8 

23" 
9 
6 
7 

47 
9 

' 33 

10 
40 
5 

10 
15 

5 

·.: 

Depth 
(ft) 

20 
34· 
35 
63. 
~7 

103 
113 
114· 
115 
160 

8 
18 
26 
27 
34 
52 
82 
89 
97 

120 
129 
135 
142 
189 
198 
231 

10 
50 
55 
65 
80 
85 ) 
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Table .12. "!.-Drillers ' .... logs ... of' .. well.s Continued 

17.9 .·25 .112. Dora Prather Cooley 

(City of Alamogordo test hole No. 1, 1953) Continued 

Red clay, sand, gravel, and water •••••••••••••••••• 
Light-gray clay, some gravel, and water .•••••••••••• 
Caliche ............................................ 
Light-gray clay, and water-\ .•••.••• ~ ••••••••••••••••• 
Red clay; and water •.•• • •••.•• ; •••.•• : ••••••••••••••.• 
Light-gray clay, and via ter .......................... . 
Red clay 
Brown clay ........................................... Gray clay 
Red clay ............................................ 
Gray clay and some sand •••••••••••••••••••••••••••• 
Pale-red clay ............................... • ...... . 

T •. T. Mann 

Thickness 
(ft) 

30 
22. 
1 

17 
10' 
12 
7 

30 
6 
8 

12 
10 

(City of Alamogordo test hole No. 2, 1953) 

Soil 
Gray clay • • • • • • • • • • !' • • • • • • • • • • • • • • • • • • • • • • • • • • ••••• 

Gray clay.and some sand •••••••••••••••••••••••••••• 
Gray clay, sand, and water ••••••••••••••••••••••••• 
Brown clay, and water • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Pale -gray clay ..................................... . 
Pale-red clay, and water ••••••••••••••••••••••••••• 
Light -gray clay •••••••••.•••••••••••••••••••••••••• 
Red clay, gravel, and water •••••••••••••••••••••••• 
Gray clay and some sand •••••••••••••••••••••••••••• 

17.9.25.222. L. c. Boles 

(Boles well 16) 

Soil ............................................... 
Red clay and small gravel, first water at 78 feet •• 
Fine sand and red clay, very soft •••••••••••••••••• 
Red clay, apd gravel, mixed •••••••••••••••••••••••• 
Clay and sand, mixed ............. ~ .................. . ........................................... Red clay 
Brown sand 
Red clay 

........................................... ~. ............................................ 
Gray clay, and gravel, mixed ••••••••••••••••••••••• 
Red clay ............................................ 

121 

4 
31 
32 
58 
15 
.22 

11 
44 
28 
5 

10 
·68 
34 
68 

7 
13 
6 

20 
15 
20 

Depth 
(ft) 

115 
137 
138 
155 
165 
177 
184 
214 
220 
228 
240 
250 

4 
35 
'67 
1~5 
140 
162 
173 
217 
245 
250 

10 
.78 
112 
180 
187 
200 
206 
226 
241 
261 



•• 

• 

• 

...... 

Table 12-.·--Drillers' log.s. of ... wells ·-· .. Con-tinued 
·. 
Dora Prather Cooley 

(City of Alamogordo ~reduction well No. 1:, · 1954) 

Caliche ............................................... 
Sandy clay, and gravel .o ••••••••••••••• ......... 

............................................. Boulders 
Sandy clay a • a a e. e a a a a a a • • a a· a • a a a/.a a a a • a • a a a a a a a a a a a a a 

Sand and gravel. First water 0 a e a .a a 0 a a II a 0 e a a 0 0 a 0 • 0 • 

Clay a ••••o ••o• •••••••••••••••••• aoo••• aioaaoaae••••• 

Bo'Ulders •• o o ••••• o ...... o o •••••••.••• o •••• o ••••••••.••• 

Soft clay aooooooao.oocteoaaoo•••••ooaooa·••••••••••••• 

Gravel and boulder oo•••••o•••••••••••••••••••e~•'•••• 

••••••••••••-•••••ooaa••••·•••••••••••••••••••••• Clay 
Gravel 
Clay 
Gravel 
Clay 

•••••••••••••••••••••••••••••••••• 0 •••••••••• 

•••••••••••• o ................................. . 

•••••••••ooaoooa•••••••o•••••••ao•••••••••aile 
eaaoooeeaooaooooaoeoooeoeaac»oeae~o••~»•&e••••••• 

Clay and small streaks of sand and grave~ 
••••oo••••••••••••••••••••••••••••••••••••a• Clay 

Gravel 
Clay 
Gravel 
Hard clay 
Boulders 

• • • • • • • • • o o • • o • o • • • • • • • o • • • o o • • o • • • • • o a • ·• • • a. • 

••••••Oaaooaaaooea••o•••••••••••••••••••••••••• 

•o•••o•.a•etoo•o•G•••••-•••••••••••••••~»•••••••• 

aeoc.ooooao•••••o.~a.•••••••o•oooooa••••••••• 

o • ·o o • • .• a o o • o a • • • • • • o o • o • • • • o o • • • • • • • a • • • • • • 

a e 0 a • a 0 0 0 a 0 a o a a a a 0 0 a a 0 a a o. 0 a 0 • a 0 a 0 0 0 Cl. 0. a e • a D •. 6 

Lost mud o o o· o • o o o • • o 0 • o o • o • • • o • • a • • • • • • • • • • 

,) 

Clay 
Gravel. 
Clay • • • • o a • • a a. o o o o o. o o o a o o • a. • • a • • • • • o • • • o. • • • • • • • • • • • 

17·9-35.444. Dora Prather Cooley' 

Thick~ess 

(ft) 

28 
22 

3 
38 
4 

12 
4 

21 
3 

48 
2 

14 
3 

28 
17 
16 

3 
3 
6 

11 
2 
2 
7 
1 

(City of Alamogordo Production well No. 2, 1954) 

Caliche • • o • • • • o. o. o • • • • o o • • • • • o a. • • • • • o • • • • • • ·o • • • • • • • • 

Clay and chalk rock •••••••••••••••••••••o•••••••••• 
Soft clay and some gravel •••••••••••••• · •••••••••••• 
Clay and small boulders ··········~o•••••••••••••o•• 
Soft clay and strata of. caliche ••• o •••• •.o o o o ••• o ••• 

eaoea•o••••••••••••••.&ooeo••••••••••••••••• 
oaaoe:-eeoeeo•eoeeeo•••.••DII.OIOee.eaeaeeaeo 

Boulders 
Hard clay 
Gravel 
Clay 

• • • • a • • • o • • o • • • ·o • • • o • • • • o a • o a o • • o. • o • o o o • • o o • o 

••••••••••••ooooooooooooooooollooooooo~aoaoooa.oo 

Gravel and boulders ••••••••••••••••••o••••••••••••• 
Clay ••••••••• !I •••• o • a o o 4 ............. · ................ . 

Gravel 0 I 0 I 0 o 0 I 0 I I I 0 I I 0 a I I 0 a I I D 0 0 0 0 a I a I a 0 I o ~a 0 a 1 D 1 G. 

122 

4 
14 
22 
4 

21 
2 

19 
1 

27 
6 
9 
7 

Depth 
(ft) 

28 
50 
53 
91 
95 

107 
111 
132 
135 
183 
185 
199 
202 
230 
247· 
263 
266 
269 
275 
286 
288 
290 
297 
298 

4 
18 
4o 
44 
65 
67 
86 
87 

114 
120 
129 
136 

) 

') 



• 

·.~ 

Table 12.--Drillers' logs of wells -Continued 

17.9.35.444. Dora Prather Cooley 

(City of Alamogordo Production well No.· 2, 1954) 

Clay .................. . 
Sa.nd ••••••.•.••• . . . . ........................ 
Clay ........... . . ....................... . 
Coarse gravel and boulders .··~ •••.•••• 
Clay 
Gravel 
Clay 
Gravel 

•••••••••• tt ••.•••. • ••.•••••••••••.•••••••••••• ........................ . . . . . . . . . . .......................... 

17.9.36.120. State of New Mexico 

(State Engineers' Valmont test hole, 

Soil ................................................ 
Sandy brown clay .................................... 
Gyp, with water under it at 5 gpm •.••.•••.•••••••••• .......................................... Sa.ndy clay 
Red clay 
Water sand. 

............................................ 
50 gpm ...................... 

Red clay ••••..•..••.•.•••••• . .................... . 
Gyp shell 
Red clay 
Gyp shell 
Red clay 

........................................... 
• • • • • • • • • • 1 • • • • • • • e • • • • • • • • • • • • • • • • • • • • • • • • • .. ~ ....................................... . ............................................. 

Gyp. Water at 10 gpm ••.•••.••••.••••••••• 
Red clay and gyp . . . . . . . . . . . . . . . . . . . . . . . . ....... 
Blue clay 
Gray clay 
Red clay 

............................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ........................ ~ ................... . 

Sandy loam 
Sand and clay 
Sandy clay · 

Harold Striker 

(Boles well 8) 

....................................... ................................ .. . ..................... . . ...... . 
Clay • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • e • • ............ 

123 

Thickness 
(ft) 

7 
1 

27 
13 
39 
1 

44 
23 

1930) 

3 
57 
2 

23 
5 
5 

53 
2 

30 
5' 

30 
10 
75 
10 
50 
42 

13 
39 

148 
62 

:- Continued 

Depth 
(ft) 

143 
'144 
171 
184 
223 
230 
274 
2,97 

3 
..60 
. .. 62 

85 
90 
95 

148 
150 
180 
185 
215 
225 
300 
310 
360 
402 

13 
52 

200 
262 



• Table,.~2 .• -.-Drillers '·. logs .. of. wells ~.Continued 

17.~0.18.424~ R. G. Walker 

(Boles well-j) 

Sandy loam ........................... ~ ............. . 
Hardpan clay .• o •••••• ~ •••• o •••••••••• o ••••••••••••• ·• 

Clay with trace of sand, trace of moistu~e.at. 
· 54 feet •• · •••.•••..•••.•••••• ~ •. :·-..••••••••.•..••• ~ •••. 

Solid blue limestone· •.••.•.•.••• ~ •• -~ •.•..•••.• ~ •••.•• 
Coarse sand with large gravel ... ·•· ..................... o 
Sandy clay 0 • • 0 • • • • • • • G • • • • • • • • • • • • • • • • • • • • • • 0 • • • 0 ~ • a • 

Clay 
Clay 
Fine 

. · 17.10.18.432a. Harold Striker 

.: ...... (Boles well 28). 

and sand rock .......... • •••••••••••.•••• o ••• ~ •••• 
sand • • • • • • • • • • • • • • .. . o • • • • • • • • • •••• ~ •. • •• !I • • • • · .• • • 

• Sand and lime streaks .• o o o ••••••• o •••• o ••••••• o •• o. o 

Sandy clay ... Q •• o ••••••• ~ •••••••••• a •••••••••••••••• 

Sand and clay . o ••• o ••••• o •••. !l • o •• o ••••••••• o o • ~ ••••• _ 

Sand and sticky clay ••o•••o••••••o•···~~······~····· 
Sand and some clay ••• o o ••••• o .•• o •••••• · .. · ••••• o • -~ •••• 

Sand and 1 ime • • o • • • o o o • • • • • • • • • • o • o •• o • o o • • • • • • • •• ~ .. 
Sand a a 0 a a o' a a a a 0 a 0 0 o 0 a e a 0 Cl 0 0 Q a a a ~ a 0 G a 0 a 0 0 a D o 0 a a. a e a a a a 

Sand and hard gravel ••o••ooo•o•ooo••••••oo•••······· 
"Shells" and shale • o •· •• o • o • o o • o • o • o ••. o •••••••• ~ •• o •• 

Sandy clay and shale ••.. o o •••• o • " o ••••••••••••••••••• 

Fin~ sand, clay and shale ·····••o••••••••••••o••••:~ 
Streaks of sand; clay and shale •••.•.••••.•••••.•• ~. 
Lime shells 1 clay 1 and sandy shale ~ o • o : ........ • • ~ •••• 

Broken lime shells, sand, and clay ········•·o······· 
Sand, broken clay and shale •• o ............. o •••••••••• 

Broken lime shells and clay •••• o • o ••••••••• o •. ~· ••• ·_ •• 
Hard, sharp lime shells •• o o •· ••••• o ••••• -~ •• ~ •••• ~ · •••• 

Shells'· clay, and streaks of shale ..... : ••••••••••••• 

Clay loam 

17 .lO.l8o433·. Harold Striker 

(Boles well 6) 

••••••••••o••••••••••oo••••·••••••••••••••ocs 
Clay hardpan o • o o •• o o o • o • o •• o o o o o ••• o ••••••• o ••••••• o 

• Clay with trace of sand .• o • o •• o ....... o •• o ••• o o o o ••••• 

124 

Thickness 
(ft). 

11 
33 

55 
7. 
9 

10 

10 
20 
10 
10 
20 

.20 

10. 
)0 
10 
30_ 
5 
5: 

_10 
10 
10 
10 
10 
10 

5 
2 

13 

6 
6 

10 

Depth 
(ft) 

11 
44' 

99. 
106 
115 
125 

10 
30 
40· 
50 

_70 
90 

100 
130 
i4o 
170 
175 
180 
190 
200 
210 
220 
230 
'240 
245 
247 
260 

6 
12 
22 

. -~) 

)I 

.. 



• 

Table l2o--Drillers' logs of wells d'ontinued 

17.10.l8o433. Harold Striker 

. (Boles well 6) Continued 

~nd· ~nd gravel o ••.••••.•••.•••• o ••••••••.• 
Clay ............................................ 
Sand and gravel .••••.•••••.. ·• ~· o ••...••.••.••••••••• 
Clay ................................................ 
Sand and gravel '• .................................... 
qlay ........ . • •. • ••• 0 ••••••••••••••••••••••••••••• 

Sandy clay 
Fine sand with very little water. Water·level at ............................................. 89 feet 
Sandy clay 
Large clay(?) 
Sandy clay 
Clay 

Clay 
Shale 

......................................... 
••••••••••••••••••••••••••••• ! •••••••• 

........ ~ ............................... . 
................................................ 

17..10 .18 .442a o Harold Striker 

(Boles well 26) 

................................................ 
• ......... . ................................. 

Clay and gravel ................................ ........................................... Hard clay 
Sand and clay 
Clay and sand 

................................. 
I I I 8 I I I • I I I a I I a I I 8 I I I I I I I I I I I I I I I 

Shale, clay, and sand ........................ 
Clay ......... ~ ....................................• 
Sandy shale and sand .: ............................. . ..................................... Shale and sand 
Shale·and sandy clay ............................... 
Shale, shells, and clay •••••••••••••••••••••••••••• 
Shale and shells ...................................... 
Sand streaks, shale, and shells ••••••••••••••••• 
Lime shells, shale, and clay •••••••••••••••••••• 
Sand, some gravel and lime· shells o••••••••••••••••• 
Clay ............................................... 
Shale and gravel • • • ,. • • • • • • • • • • • • • • • • • • • 

125 

'l'bickness 
(ft) 

2 
10 

2 
6 
2 

22 
32 

26 
24 
2 

25 
53 

10 
20 
;o 
10 
10 
10 
10 
10 
10 
10 
10 
20 
10 
10 
42 
12 

6 
10 

Depth 
(ft) 

24 
34 

.36 
42 
44 
66 
98 

124 
148 
150 
175 
228 

10 
30 
60 
70 
so· 
90. 

100 
110 
120 
130 
140 
160 
170 
180 
222 
234 
240 
250 



• 

• 

• 

Table 12.-~Drillers'·logs of wells Continued 

17.10.19.121a. L. c. Boles 

(Boles well·lO) 

Sandy loam 
Clay 

............................... & ••••••••••• 

Fine sand and 
Sandy clay(?) 

gravel. Water level at 80 feet . ..... ...................................... ................................................. Shale 
Clay 
Fine sand 
Clay 

• • • • • • • • • • • • • • • • • • • • ·o· • • • • • .• • • • • • • • • • • • • • • Ill • • • • • 

• ., ..... o ••••••••••••••••••••••••••••••••••• 

•••••••••oowao~;~•••••••••••••••••••••••·••••• 

17.10.19.121b. L. c. Boles 

(Boles well 11) 

Sandy loam •••••••••••~aao••••••••••••••••••••·•••••··~ 

Clay •••• 0 ••••••••• Cl •••.••••••••••••••••••••••••.••••• 

Water-bearing formation (sand?). Water level at 
82 feet o D • • • • • • • • • • • • ·a o • • • • • • o • • • • • • • ·a· • • e • • a a • a a a 

. . 
• • • • a • o. • • • • • • ·o a • • • • • • • • ~ • • • • • • •· •· • • • o· • • • • • • • • • • • Clay 

Shale 
Clay 
Gravel 
Cla.y 

a a a a a 0 0 0 a a 0 0 a e a G a • a e a a a 0 0 0 a 0 a 0 a a 0 a 0 0 0 0 0. 0 8 a a & 0 a 

••••••••••••o••••••••••••••·••••• . .,•••••••••••·••• ................................................ 
• • • • • • • ~ il • • • • • • • o· • • • • a • • • •· a. • • • • • • • • • • • • • • • .• & • • • 

l7;.10.19•l32~ Lo C. B,ole .. s 

(Bo!'es well.7) 

Sandy . loam • a ••••••••• ·• ••••••.••• ~~ ........ ai ••••••••••• .i 

Clay hardpan ••••••• 0 • 'd •••••• 0. • •· ...................... . 

Cla~· with trace of sand ...... ~ •• • •••••••••• ~ •. • ~ •••••• 
Clay ' • • I 

- •••••• ~d •••.•••••••••••••••••••••••••••• ·.~····· .. 
sandy clay .••.••••••• ~ • • • • ~ ~ • • • • • • • • .......... ~ •• · •••••• 
S~le ·~ •••••• ~ • ~ ••••• ~· ••• ~ ~ .•••••• ~ : ••••••• ~ ••• ~ ••• ~ • 

; 

Clay ••••••••••••••••• • •• .; ••••••• -o ••••••• ~ ~ ... ~ ••••• ~ • 

~hale ······~--~··········~···~···················· ... ~~ Clay • • • • • • • ~ • ~ ••••• o: • o.: • • • • • ~ ••• ~ ~ •• o ••• a· ••• .- ••••• ~ • 

Gravel .......... • • o • o ••••• ~ ~ •••.••• ~ ••• o ••• ~ • ~ · •.••••••• 

d,lay • • • • ~ a ~ • e a o e • c& • ~ a • .~ ~ a a a a oi a ~ a a G a a a a ~ a ~ ~ ~ a a a e ~ ti 

Sand .. • • • • • • • • • • • • • " • .. • • • • •. o • • • • • ~ • • • • • • • ~ • ~ • A • . • • • • ~ 
dl~y ••••••• ~ •. • ••••• ~ ........ !' ;. ••••••••••• ~ •.•••••••• " 

ShB.le 
.diay 
Shale 

•••••• ~ ••••••• ·- •• a • ·.t • ~ ••.••••• · ..... o •• ~ ~ • ~ •••••• J 

• a • • • • • Ita • a a 0 • a 0 • • • ~ •·• • a a • • • a a • • • • ea.~ • o • • a • • • e • 

••••o••••••••••••••"aioe•o•G•••••••••o•••••••••• 

-~ 

:1) 

Thickmess Depth 
(rt) (ft) 

8 8 
95 103 
9 112 

28. .140 
6~ 146 

19 165 
10 175 
85 260 

'9 '9 
93 102 

3 lOp 
35 140 
4 144 

274 418 
4 422 

148 570 

8 8 
11 19 
11 3Q 
18 48 
22 ·.76 
4 :74 

50 ~24 
11. l35. 
'31 l.6q 

3 i69 
8 i71 
3 l80 

35 ~15 
5 220 

: : 

30 250 ) 3 253 



•• ~-

• 

ce 

Table 12.--Drillers' lo~s of wells Continued 

17.10.19.144. L. ·C. Boles 

{Boles well. 5) 

Thickness 

Sandy loaJn •••••••••••••••••••.• . . .. . . ~~ .............. . ....................................... 
............. ' • .... · ...................... . Hardpan clay 

Clay and sand 
Sandy clay .......................................... .................................................. Clay 
Water-bearing formation (sand?). Water level a.t 

73 feet .......................................... 
Sandy clay ·• .............................. ·· ......... . 
Water-bearing formation (sand?) •••.••..• ~ ••••.••••• 
Sandy clay .......................................... . 
Clay ........................•....................... 

17.10.19.214. R. N. Nolley 

{Boles well 4) 

......................................... Sandy loam 
Hardpan clay ................................................ Clay 
Sandy clay .......................................... 
Fine sand and small gravel. Water level at 

86 feet 
Sandy clay 
Fine sand 
Sandy clay 

............................................ ......................................... ........................................... .......................................... ,-
17 .10.19.321. w. ·E. Groom, e:t al. 

{Boles well 27) 

Soil ••• 1' • •••••••••••••••••••• • 1 •••• ••••.••••••••••••• 
Brow clay • • • • • • • • .. • • • • • • • • • • • • • • • • • • ·• • • • • • • • • • • • • •• 
Brow clay with streak of embedded gravel •••••••••• 
Brow clay • • • • • • • • • ~ • •. • • • • • • • • • • • • • • • • • • • ~ • • • • ••••• 
Brow c.lay w1 th embedded gravel. Struck water at 

90 ft:tet ••.•••••••••••••••••••••••••••.•••••••••••• 
Very fine, silty sand .• Water level at 80 feet ••••• 
Silty clay with'embedded gravel •••••••••.•••••••••• 
Silty clay, clay lumps and embedded.gravel .••••.••• 
Not logged ••••. • ••• · ••••••••••••••••. • •••••••••••••••• 
Silty clay.with embedded gravel and sand •.••••••••• 

127 

(ft) 

4 
6 

16 
26 
38 

6 
66 

3 
17 
38 

13 
29 
43 
26 

4 
104 

3 
93 

5 
15, 
10 
10 

75 
5 

~0 
10 
10 
10 

Depth 
(ft) 

4 
10 
26 

.52 
90 

96 
162 
165 
182 
220 

13 
42 
85 

111 

115 
219 
222 
315 

5 
20 
30 
40 

115 
120 
130 
140 
150 
160 



• Table 12.- Drillers' logs of wells -Continued 

17.i0.19.321. w. E. Groom, et al. 

(Bcil~s well 27) - Continued 

Silty clay with embedded sand·· Well -caving 
Clay with embedded gravel ............................. . 
Clay and fine sand. Water level at 78 feet ., ••.. ·• .• 
Clay with embedded gravel· ••.••• !> •••••• o •••••••••• & •• 

Silty clay with sand and gravel ··. ·. •.··• .••••.•••••••.••• 
Silty clay with sand, gravel,· and sandstone· .•••.••• 
Silty clay with streaks of sand .• · .•••• o ••• o •••••••• 

Silty clay with embedded sand and gravel • Water 
level at 81 feet o • o •• o ••••••••.•••••••••• .- • ~ .• ••••• 

Sand and clay 

17.10.19o32la. W. E. Groom,- et al. 

, {Boles· well 30) 

. -
• • 0 • • • 0 • • • • • • 0 • • • • • • • • • .. • • • • • 0 • • .• • • • • • 

• 

Gravel and boulders ................................ . 
Sand, gravel, and clay o •••••••••••.• o •••••• o •••••• ~·. 

Sand and clay ..•• o •• o o ••••• o •••••••••••••••• o •••••• 

Sand, gravel, and shale ........... o • o ••••••• ~ ••••••• 
Sand .. o •••••••••••• a ......................... · •••••••• 

Sand and clay . • • • • • • • • • • • • • • • • ci • • • • • • • • • • • • • • • • • • • • ·• 

Sand, clay 1 and gravel ............. o •• ~ ••••. • •• · •••••• 
Clay 1 shale and shells o o .. o •.•. o ...•....••••.•••.•..• 
Sandy clay • o • .. •• ., • • • • • •• ., o • • • o • • o • • • • • • • • • • • • • • • • •• 
Gravel, clay, and sand ........ o ••••••••••••••••••••• 

Sand and clay . • • . .. • • • • . •• o ·• • • • • • • • • • • • • ~ • • • • • • • • • • • 

Sandy clay • • •• o • • • • • • • • • • o • • • • • • • • • • • • • • • • • • • • • • ••• 

Gravel and sandy clay ••••••••. • '• ••••• o • ~ •• ~ •. •.• • o .•••.• 

Soil 
Brown 
Brown 
Silty 
Brown 
Silty 
Brown 
Silty 

• Silty 

17.10.19.323 .. w. E. Groom, et al. 

(Boles well 29) 

••.•••••••••••••••••••••••••••••••••••• 6 •••••••• 

clay • • •• ·• • • • • • ••• o ••••• ~ • • • • • • o • · • • •• o • • o • • •• ·• 

clay with embedded sand •••• o ••••••••••••••.••• 

clay with embedded sand •••••oo··············· 
clay with embedded sand o••••o•••••••••••••••• · 
clay with emb~dded sand •••••o••············~· 
clay with embedded sand •••••••• • ••••••• ·" ••••• 
clay with embedded sand· ·········••A•••••••••• 
clay with streaks of ~hite clay ••••••o••••••• 

. 128 

. ----- -----------.._...._~----~-.1 II 

...... 

Thickness 
(ft) 

10 
10 
10 
10 
10 
10 
10 

20 

10 
20 
20 
30 
10 
20 
10 
40 
40 
10 
10 
20 
10 
10 

5 
45 
30 
50 
10 
4o 
20 
60 

3 

Depth 
(ft) 

170 
180 
190 
200-
210 
220 
230 

250 

10 
30 

·50 
80 
90 

110 
·120 
160 
200 
210 

- 220 
240 
250 
260 

5 
. 50 

8_o 
130 
,14o 
180 
200 
260 
263 

. _) 
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Table 12.--Drillers' logs of wells C9ntinued 

Clay 

17.10.19.323a. W. E~ Groom, et al. 

{Boles weli 31) 

................................................ 
Sand, boulders, and clay •.•••••••••••••••••.•.•.•••• 
Fine sand ......................... • ................. . 
Clay and coarse sand .......... , .••••• 
Sandy clay ................... ·" ..................... . 
Sand ................................................. 
Sandy clay 
Sand ................................................. 
Sandy clay 
Clay and shale 
Clay . • .......... . 
Sandy clay •••.••• 
Cl~y and rough shells ..••••• 
Rough gravel, and sandy clay 

. ................... . 

. .................. . ........ 
Cla..y ....................................... 

U. S. Government 

Thickness 
(ft) 

10 
10 
10 
10 
30 
40 
10 
30 
10 
20 
20 
20 
10 
10 

5 

{White Sands National Monument, Garto~ well) 

Valley fill, clay and gyp .... ....................................... Red sandstone 
Clay and gypsum ..................................... 
Limestone •••••••••••• 
Red lime ••••••••••••• 

.......................... 
Hard, red lime ....................................... 
Soft, green shale; gas pocket .................. 
Open cavity; artesian water ••••••••••••••••••••••••• 
Missing .............................................. 
Brown shale; show of oil and gas ••••••• 
Light, thin limes ................................... 
Brown and greenish clays •••••••••••••••••••••••••••• 
Red limestone; gas 
Hard, red limestone 

.................................... ............ ·• ................... . 
Limestone ............................................ 
Red shale an.d thin lime .••••••••••••.••••••••••••••••• 
Hard lime .............................. ~ ............ . 
Soft, brown shal-e; show of oil •••••••••••••••••••••• 
Tough, gray shale ........... ~ ....................... . 

129 

783 
14 

5 
19 
25 
12 
31 
3 

10 
5 
2 
4 

13 
4 
7 
8 
7 
1 

36 

Depth 
(ft) 

10 
20 
30 
4o 
70 

110 
120 
150 
160 
180 
200 
220 
230 
240 
245 

783 
797 
802 
821 
846 
858 
889 
892 
902 
907 
909 
913 
926 
930 
937-
945 
952. 
953 
989 
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Table· 12.--Drillers' logs:.of wells Continued 

18.9.14.200 
·· (From_- Fig·~ 1? ~ 

Gypsiferous adobe 9 • G • • • • • • • a • • • • • • • • • • • • • • • a • • • • • • • • 

Gypsum • • • .• • • • • • • • 6 • • • • • • • • • • • • • • • • a • • •· • • • • • • • • • • • • • a 

Red clayey material ................. ~················· 
Sand and gravel ................... ; .••••••••••••.•• ·• •••• 
Red clayey material ..............•.. ·• .................. . . . . 

0 ••••••••••••••• 0 ••.••••••••••••••••••• Sand and gravel 
Red clayey material •• 0 0 ..................... • .••••••••• 

oDaoaoae6ooaaeeaaaaee•••••••••• Sand and gravel 
Red clayey material aoo••••••••~••••••••••••••••' 

••••••••••• 0 ••••••••••••••••••.••••••• Sand and gravel 
Red clayey material .................................... ...................................... Sand and gravel 
Red clayey material •••••••••o.•o•••••••'•••••~~~·••••.•• 

.Sand and gravel •••••••••••••••.• 0 ••••.•••.••••.••••.••••• 

Red clayey material ................................... 
• •••••••••••••••••••••••• 0 ••••••••••• Sand and gravel 

·Red clayey material ae~o.·oaoeaaD.•••••••••••••~••••••••··· 

18.10.6.234. Mrs • B • D. Douglas 

Silt • • • • • • • o • o· • e. • • • • • • • • • • • o • a • • • • • • e. • • • • • .. a • • a a • • • • 

Boulders •·••••••••••••cs••••••••o••••••••••••••••••••• 
811 t , a a' a a a a a a • 6 e I a • a a a a a a. a G 6 G a • a a a 6 a ,a a • a a a a a a a • a a a .• Cl 0 

Gravel and water ··6···································· Silt, gravel, sand, a.nd water ......................... 
Clay and gravel ••• a. ..... 0 ••••••••••••.••••••••••••••••• 

130 

-.. 

Thickness 
(ft) 

10 
11 
18 
11 
25 
10 
75 
11 

118 
20 

256 
20 

305 
20 

290 
17 
18 

8 
7 

80 
'5· 
55 
4o 

Depth 
(ft) 

10 
21 
39 
50 
75 
85 

160 
171 
289 
309 
565 
585 
890 
910 

1200 
i217 
1235 

8 
15 
95 

100 
155 
195 

) 
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Table 13.--Mechanical analyses of drill cuttings·fram_te~t holes drilled in 1954 in vicinity 

of Boles well field, Otero County, N. Mex. 
A11 samples washed ·through sieves. Analyses ih percent _by weight. 

Sand and gravel sizes:· Estimated evapo~ite con~ent; 
A - 0 to 25 percent . : 
B - 25 to 50 .. percent 

Depth Particle size, mm 
. of Glay and Sand sizes 
sam pie silt sizes V. fine Fine Medium Coarse 
(feet}· .oo4-.o625 .o625-.125 .125-.25 .25--5 . 5·-1.0 

C --50 to'75 percent 
D - 75 to 100 percent 

Gravel sizes 
v. coarse v. fine Fine Medium 
1.0-2.0 2-4 4-8 8-16 

We1] 17.Q.l,.244. Test hole T-22 
0- 10 15-9 2.7 A. . 4-.4 B 9·.7 B 16.1 B 27.8 B 2g.7 A 0.7 A 

10- 20 4o.4 3.5 A . 2.9 B 2.1 B 2.5 B 7.2 B 40.5 B 0.9 A 
20- 30 62.4 5.4 A 3.3 B 2.4 B 2.5 B 3.8 B 9.8 B 9.2 A .1.2 c 
30~ 40 78.8 . 4.'7 A 3.3 :B 1.5 c 1.2 c 1.8 c 2·.1 c 6.0 B 
4o- 50 . 43.4 .· . 3.7 A 2.3 A 1.5 B 1.7 B 3.9 B ·6.9 B 25.2 A :11.4 A. 
50- 60 71.2 7.2 A 6.2 B · . 1.9 c 1.9·l3 .3.5 B 4·.o B . 3.3 B ·o.8 A . 
60- 70 68.4 6.5 A 4.2 B 2.7 B 3.2 B -··3.7 B .. 4.2 B 4.6 A 2~·5 .A 
10- 8o _64.9· 4.1 A 3.7 B 2.8 B 3.2 B 4.2 B . 7.1 .B 10.0 A 
8o- 90 27 .o . 3.4 A 3-1-A 4.1 B 6.4 B 10.2 B . 25.5 B 20.1 A -0~2 A 

90- 100 32.6 . 4.8A 4.6 A 6.2 B 8.3 ·B . ·.10.9 B . 26.6 A · 6.0 A ... 

100- 110 28.4 4.2 A. ·5.2 A 7.7 B 11.3 B 14.6 B .. 25.1 A 3.5 A 
.. 

110- 120 46.7 6.1 A 5.7 B . 5.2 B. 6.0 B 9.2 A 15;7 A 5~4-A 
120~ 130 

... 

34.1 5.4 B 4.6 B 4.7 B · 12.3 A 5·5 A ·5.5 B. 27.9 A 
130- 140 53-3. 10.3. A 8.5 A ·5.7 B 4.5 B 4.6 B 2.8 B 10.3 A 
140- 150 39.4 .10.3 A .. 7 .3 A . 3.9 B 3.8 B 5. 3 :B ... 9.4 B 19.0 A 1.6 .. A 
150- 160 ·26.6 0.9 A. 2.8 A 2.7 B 6.3 B 8.2 B 12.0 B 37.9 A ··2.6 A: 
160- 170. 58.3 11.3 A 5.4 A 3.1 B · 3.3 B ·4.3 B · 4.1 B 7.8·A · 2.4-A 
170- 180'. 65.3 6.9 A 4.2 B 3.5 B 4 • .0 B 4.2 B 3.1 B 6.0 A 2.8 A· 
180- 190 43.9 6.7 A 5.6 A 5.0 B 6.8 B 9.2 B 10.8 A 12.0 A 
190- 200 48.6 6.1 A 6.6· A 7.2 B 7.7 B . :8.6 B . · 8.7 A 6.5 A . 

- -·. 

See explanation at· head of ··table.· 
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Table 13. --Mechanical anB.iyses. of." dl-ill cuttings from te_st holes -~ Conti~ued 

.2 
2 
2 
2 
.2 

·2 
21 
2 
2 
2_ 

Depth. 
of 

sample 
_{feet) 

0- .210 
0- 220 
0- 230 
0- 24o 
0- 250 
0- 260 
0- 270 
0- 280 
0- 290 
0- .300 

30 0- 310 

0- 10 
0- 20 
0-22.5 
2.5-30 
o~ 35 
5- 38 
8- 45 
5- 55 
5- 60 
5- 75 
5- 85 

Clay and 
silt ·sizes 

.oo4-.0625 

68.1 
70.4 
65.1 
54.9 
42.1 
56.9 

. 47.9 
60.3 . 
65.0 
61.5 
73-9: 

61.4 .. 
33.8 
42.0 
34~0 . 

'17 .6 
18.2 
6.6 

21.6 
3().2 
24.6 
23.3 

Particle . size;. mm . 
· · Sand sizes-

V. fine Fine Medium Coarse .. V. coarse 
.Q525- .125 .. ·.12.2_- .2.2_ .25--5 .5-1.0 1.0-2.0 
Well 17 .9 .• 13.244, Test hole T-22 - Continued 

·8.9 A 6.0 A 4.7 B 4.9 B 3.8 B 
8.2 A 4. 5 :8 3.4 B 3.5 B 3.7 c. 
8.6 A 6~0 B 3-9 c 3.5 B 4.7 B 
5.6 A . 3.4 A 3.5 B 5.3 :8 6~0 B 
5.l.A 4.6 B ' 5.4 c . 6~6 .B .10 .• 4· B 
6.2 A 3.8 B· 4.5 B 6.5 B 7.2 B:· · 
7.9 A 5.4 A 5.2 B 6.3 B ·8.4-,A 
5·9·A 4.lt A 5.5 B 7.8·B 7.3 B. 
8.1 A 6.4 B 7,1 B 6.8 B . 3.9 B 
9.1 A·: "6.4 ~. 5.6 B 5.9 B 4.6 B .. 
6.5-A . ·5.5 A . 5.9 B . 4.2 c . 2.L C 

Well· 17 .9.23.333, _Test hole T-3 
: 

·7 .5 D .6~2 D 4.7·D · 8·. 0 D :_ . 1:. 6 .D . . 
9·3 c 18-.8 c 1o.6·n 14.4 D 12.0 D 

16.4 c 16.2 D 8.o n· 11.1 D 5.9 D ; 

9.1 B· 13.1 c . :. 7.4 c 11.5 D · 14.6 D 
15.5 A. 35".1 A 11.8·B 10.4 B 7.5 D. 
7.4 c 35.9 B 15.7 B 10.9 D 10.4 D 
6.0 A . 24.0 A 32.8 A 11.0 B 19.2 D 

19.6 A· . .40.0 A 10.6 A 2.7--c 5.3 D 
16..3 A · · 32.2 A · 10.0· A 4.1 c 6.0 D 
13.3 A 33.7 A 8.8 B 7.3 D 9·9 D 
13.8 A 15.1 A 4.7 c 8.8 D · 20.3 D 

See explanation at head of 'table. 

Gravel sizes 
V. fine Fine Medium 

2-4 4-8. 8-16 

2.6 B 1.6 A 
3.-4 .C 2.·9 c 

. 5.3 B 2.9 A · 
7.9 A. 13.4 A 

·14.8 A . IU.O.A 
8.7 B' 6.2 B · 

.11.9 A 7.0 A 
5.1 .A 3•7 A .. 
1.7 A 1.0 A 
4.6 B . 2~3 A .. 

1".4 c 0~5 B 

3.4 D 1.2 D 
o~-a n 0.3 D 
o.4 n· 
-8.3 n 2.o·ri 
2.1.D 
1.1 D. 0.4 D ... 

0.4 c 
0.2 D 
1.1 D 0.1 D 
1.8 D 0.6 D 

13.8 _D 0.2 D 

g 
,· 

t 
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Table ·13~ . .:-Mecba~ical analyses of dr~ll: cuttings :from test holes -·Continued 

~ 
VI 
VI 

Depth Particle size, mm 
of Clay.and Sand sizes 

-sample silt sizes V .• fine Fine Medium Coarse V. coarse 
(feet) .oo4-.o625 .0625-.125 .125-.25 .25-~5 .5-1.0 1.0-2.0 

Well 17.9 .23·.:333, Test hole T-3 - Continued 
85- 95 25.6 . 12.4 A 26.0 A 6.7 B 3.6 c 8.4 D 
95- 105 20.5 19.5 A 24.4 A. 7.9 B 10.2 D 13.1 D 

105- 115 18.3 14.9 A 17.3 A 5.9 B 11.5 c 25.:5 D 
115- 125 37.0 23.3 A 15~3 B 1.0 B 8.6 c 7.3 D 
125- 135 32.0 13.0 B 9·1 c 7.6 c 15.0 D 21.1 D · .· 
135- 145 37-9 13.6 c 12.6 c 9.3 D 10.1 D 12.8 D 
·145.- '155 37.0 14.1 D 11.9 D 8'!8 D 10.7.D 13.9 D 
·155:... 165 63.1 11.0 D 5.8 D 3.7 D 4.·9 D 6.7 D 
165- 170 63.3 13.3 B · 7.2 B 3-5 c 3-5 c 4.8 D ' 
170- 180 64.2 16.5 B 9.0 B 3.7 c ·3.1 c. 2.4 c. 
180-.190 68.2 17.1 B 7-3 c 3.4 c 2.3 c 1.2 c 
190- 200 63.6 15.0 c 9-1 c 6.1 D 4.0 D 1·.3 D 
200- 2o8 53.6 . 13.1 c 10.9 c 9.2 c 8.0. D. 4~5 D 
Sand f'rom 6.3 29.9 ·55-9 . 1.0 '0.6. 0.2 
mud pit 

Well 17.9 .. 24.142, Test hole ·T-8 

0- 10 ·.89.7 4.8 A 2.5 .A· 1.1 B 0.6 B. 0.6 B 
87.0 6.6 A o:6 n · 10- 20 3.5 B 1.0 c 0.5 D 

20- 30 73.0 9.7 A 8.4 B .. . 3.3 c 2.0 c 2.0 D 
30- 40 51.4 12.0 A 16~7 A 7.9 B 5.1 c 3.8 c 
4o- 50 71.7 9.3 A. 9.7 A 3.0 B 2.3 c 2.8 c 
50- 60 59.6 14.3 A 15.4 A 4.6 B 1.6 c 2.4 D 

. 60- 10 .69.3 .13.8 A 8.8 A 2.1 c 1.5 D 2.2 D 
10- ··ao 66.0. 17.9 A 10.9 A 2.2 c 1.0 D 1.0 D 

See explanation at bead of table. 

Gravel si~es 
v. fine Fine Medium 

2-4 4-8 -8-16 

16.9 D 0.4 D 
3-9 u 0.5 D 
6 .• 4 n· 0.2 D 
1.4 D 0.1 D 

~.:.1.6 D 
3.7 D. · 
3.6·1) 

··4.8 ·n· 
4.4 D 

: : 
1.1 D 
0.5 D : 

0.3 D 
I 

0.1 D 
0 • .1 ' 

) 

0.3 A 0.4 A •. 

0~6 D 
·: 

0.2 D 
1.3-D 0.3·C 

' 2.5 c 0.6 D 
1.0 c 0.2 D 
1.9 D 0.2 D 
1.6D 0.1 D 
0.9 D 0.1 D 

.,.· 
' , 

• 

~ 
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Table.l3.--Mechanica1 analyses of· drill cuttings from test ·holes- Continued 

•• 
Depth Particle size, mm 
of Clay.and Sand sizes Gravel sizes 

sample silt sizes v. fine Fine Medium Coarse V. coarse V. fine Fine Medium 
( fee.t) .004- .062_5_ .0625~ .12_5_ ~ 12_5_- . 2_5_ .25-.5 .5-1.0 1;0-2.0 2-4 4-8 8-16 

Well 17.9.24.142, Test hole T-8- Continued 

80- 90 65.4 ·12.4 A 11.7 ~ 5.3 B 3.0 c 1.7 c . 0.5 D 
90- 100 60.7 8.2 A- 7.9 B 4.2 B 3.6 c 9·3_C 6.0 c 0.1 A~ 

100- 110 71.0 11.5 A 9.6 A 2.0 B 1.1 c 1.7 c 2.8 D 0.3 D 
110- 120 71.9 11.0 A 8.1 B 2.7 c 2.0 D 3.o·n f .. 1 .• 3 D 
120- 130 49.6 14.6 A 10.3 A 6.4 B 6.1 c 6.5 D .. 6.4 D 0.1 A 
130- 140 . 9.7 A 11.·4 A 5.4 B 4.5· c 

. '• 
. 6.8 D 55.1 7.1 c· · 

140- 150 53.6 ! 17.2.A 15.3 A 3.8 B 2.5 c ··3.0 D 3.9 D 0.3 D 0.4 D 
150- .160 68.7 .. 15.6 A . _ .. 7.9·B 2.3 c i.2 c 1.6 D 2.5 D 0.2 D 
'160- 170 62.4 ; 13.5 A . ·6.9 A 5.0 B 4.3 B 4.3 c 3.3 D 0~3 D 
170- 180 54.2 _. 9.8 A . 9.9 A 8.4 B. ·6.9 c 7.4 c .· 3.3 D 0.1 D 
180- 190 . 73.0 10.1 A 7.5 .A 3.5 :B 2.3 c . . 2.5 c . 1.1 D 
190- 200 72.6 7.9 A .. 6.9 B 3.H c 2.4·c .·.4.l.D . . ·2.3 I? 
200- 210 , 74.8 : 10.6 A 6.6 B 2.6 c . 2.0 .n· . 2.4 D .- 1.0 D 
210- .220 .. 76.6 . 9~6 A . ··5.6 A 2.1 B 1.4 c 2.7 D :·· 2.0 D 
220- 230 . 73.6 · .. . 9.8 A . 5.3 B 1.5 c. 2.8 D 4.9 D 2.1 D 
230- 240 71.9 .. 7"'2 A 4.7 B 2.8 c 2.6 D 6.0 D .·. 4.8 D 
240- 250 . 61.9 1a.8 A · · .. 9.3 B 3.2 c 1.8 c 3.0·D.· 1.9 n· o.t n 
250- 260 72.0 . 11.2 A ·6.0.A 3.2 B 2.4 c 3.8 .C . 1.4 D 
260- 270 76.8 11.7 A 4.9 A 1.9 B 1.1·c 1.5 c 2.1 c 

~ 

270- 280 76.6 · 8.5 A 5.4 B 2.7 B 2.1 c 3.2 c 1.5 D · 
.. 

280- 290 70.8 6.9 A 3.4-,B 2.5 c 3.8 c 6.7 c .. 5.8· c 0~1 D 
290- 300 77-7 6.8 A -4·.o B 2 •. o.c 1.9 .D 3.2 D - 3,8.n -0:.6 .. c 
300- ·312 64.4 11.2 A 

.. 
·7 .6 A 4.7B 3-9 c ..4.8 c 3~4 c 

-·see expl~na tion ·a. t head of table. 
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Table.13.--.Mechanical.analyees of drill cuttings .:from test holes -Continued . . 

. Depth. . -Particle·-· size;-·- ·mm 
.. 

of Clay and Sand sizes Gravel sizes 
. sample silt. sizes· V. fine Fine Medium Coarse v. coarse V. fine Fine Medium 
. (feet) .004-.0625 .0625-.125 .125-.25 .25-.5 .5-1.0 1.0-2.0 2-4 4-8 8-16 

Well 17-.9.24.2221 Test hole T-9 · 

0- 10 45.1 6.6 A 7 ·5 A. 6.7 A 7.0 A 9.2 A 10.9-A 4.7 A 2.3 A 
10- 20 46.9 7.7 A 7.7 A 5.8 A 4.5 A 8.4 A .. 16 .2.-A 2.8 A ; 

20- 30 74.4 · 4.3 A 3.7 A 2.6 A · 2.2 A 2.4 A· 5.0·_ A 5·4 A 
;a-· ·33 ;o.o 5.4 A 5.1 A 5.7 A 12.6 A . 27.8 A 12-:8' A 0.6 .A · 
33- 40 -44-.4 . 10.2 ·A 10.4 A 3.0 A· 3.0 A 8.1 A -~19 .8" A 1.1 A 
4o- 50 . _70.9 .. 9.3 A 8~2 A 3.5 A 3.1 A 3.4 A 1.4'-A 0.2 A 

. 50- 60 76.4 8.3 A 7.7 A 3.0 A 1.9 A 1.7 A 0.8' A 0.2 A 
. 60- 70 70.7 . -10.5 A ·.8.8 A 4.0 A · 3.4 A 2.3 A 0.2 A 0.1 A .. 

·- 70- 80 60.3 11.3 A 8.2 A 5-.'8 A 5 ·5 A 7.6 A 1.2 A ·6.1 A 
·ao- 90 .58.4 . ··12·~6 A 11.1 A. 6.6 A · 5.4 A . ·_ 5.1 A .0.8 A 

90- 100 64.0 13.9 A 8.4 A 3.4 A 3.0 A 4.8 A 2.5 A .. 

100-·:110 . 63.5 7.2 A 9.3 A · 5.2 A .5.0-A 6.8-A . 3.0 A 
110- 120 l --63.6. 10.-7 A~ 7 ~3 A 2.TA, .. 2.l·A 3.4.A . 9.8 A o.4.;A 
120-. 130 . 66.4 

! 11.3 A 9.5 A -- 4~-2 A. 2.5 A .2.9 A . 2.4 A 0.8 A 
130- 140 69.0 12.2 A · · 8.6 A 4.2 ·.A 2.6 A 2.0 B 1.4 B 
14o- 150 . 65.6 . 8.8 J\ 6.8 A- 4.6 A 4.9 A 7.8 B 1.5 :B 
150- 160 54.4 ' 12.0 A 9.2 A ·_3.4 A 3.5 A· 7.3 B .10.t2 B 

~ • 0 • 

: 

160- 170 64.0 . 13.1 A . 8.6 A 3.9 A 2.3 A 3.1 B . 4.9 B 0.1 A 
170- 180 68.8 10.3 A 5.1 A 2~7 B 3.4 c .. 4.6 D 4.;8 D 0.3 n 
180- 190 43.6 6.1 A 4~8 A 4~6 A 4.8 A 10.0 B 25.9 c 0.2_D 
190- 200 32.0 5.5 A 4.6 A 4.8 A 9.5 A 24.8 B 18.1 B 0.7 B. .. 
200- 210 46.3 6.1 A 5.4 A 5.0_A 6.2 B 11.4 B 17.9 A 1.7 A .. 

210~ · .. 220 _21.6 2.8 A . 4.-4 A · 7~.3.A 13.6 B 27.4 B ·22 .• 8 B 0.1 A 
. , 

220- 230 37.9 ·9.3 A 6.4 A 4~6 A 4.8 A 12.6 B 23.8 B 0.6 A ~ .. . 

See.exp1anation at head of table.· 
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Table 13. --Mechanical analyses of drill. ·cuttings :from test holes - Continued 

,' 

. Depth Particle size, .mm . 
of play and Sand sizes Gravel sizes 

sample silt sizes v. fine Fine Medium Coarse v. coarse v. fine Fine Medium 
_(feet)_ .004-.0625 .0625-.12 .125-.25 .25-.5 .5 ... 1.0 1.0-2.0 2-4 4-8 8-16 

·well 17.9.24.222, Test hole T-9 ~Continued 
230- 240 11.9 2.2 A 4.5 A 5.9 A 11.3 B 31.0 B 32.6 B · 0.6 A 
240- 250 32.2 5.4 A 2.2 A .1.9 A 1.8 A 2.2 B 46.0.B 8.3 :B 
250~ 260 63.8 8.7 A 4.3 A 3.4 A 2.8-A 3.5 B 9.6 A 3.9 A 
260- 270 63.1 11.3 A 6.7 A 3.4 A 2.9 B 3~6 B 7.4 B 1~6 A 
270- 280 50.8 7.4.A 5.-8 A· ·5.1 A 5.0 A 9 .. 4- ~. 15.5 B 1.0 A. 
280- 290. . 56.4 7.7 A . 3.6 A 2.6 A · :3.1 B 5.2 B-'' 18.5 B 2.9 B 
290- 300 50.5 7.3 A 4.9 A- 4.2 A 3.4 B 5 .2-. B 18.7-B 5.8 B 
300- 314 35.1 6.6 A 5 .. 1 A 5.0 A 6.0 A . 12.9 B 24.5 B 4.8 A 

Well 17.9.25 .• 123; Test hole· T-21 

0- . 10 82.8 6.7 A 6.2 A 1.2 B 0.8 c . 1.0 D 0.6 D 0.7 B 
10- 20 70.0 11.0 A 6.7 B 1.8 c 1.6 D . 3.1 D 5.8 D 
20- 30 75.3 7.4 A 4.2 B 1-.6' c . l.4 D, 3.0 .D 5-.2 D· 1'.9 D 
30- 40 35.4 -·8.2 A- 11:3 A '3-~3 c ' ;:9 D. 9.3 D 19.0·D· 9~6 D 
40- 50 70.6 .. 10.3 A 9.0 A. .1.H c - ·0.9 D. 2.2 D 3~6 D - 1.6 D 
50- 60 75.3 9.8 A 8.1 A_ ·1-.• 8 A ... .. 1 .• 1 c .1·.6 D.: 1.8 D . 0.5 D 
60- 70 70~0 10.2 A 12.2 A 2.4 B.- 1.1 c 1.8 D.- 2.2 D 0.1 D 
70- ·_ 80 64.5 lT.l A 15.5 A· 1.6 -B. ··-o.5 c - 0.5 D o.; D 
"80- . 90 72.8 10.2 A ·13.4 A. l .. T B 0.6 D 0.9_ D 0.4 D ,t 

90- 100 81.8 7 .o··A 4~5 A 1.2 c 0.9 D 2.0 D 2.5 D 0~1 D 
100- 110 77.9 8.6 A 7.9 A 1.".4 c 1.2 D 1.6 D 1.4 D 
110- 120 69.5 10.3 A 8.6 B- 2.2 c 1.9 D 3.9 D 3.4 D 0.2 D 
120- l30 . 66.8 6 .• 8 A 5.4.B .1 .. 8 c ·.,2~4 D - 5.8 D. 10.9 D · 0.1 D 
130- ·i4o 71.2 .··:-.a.o A 5.1 B 1.7 ·c ··2•4 D 4.4 D. ·6 .5· D 0.'7 D 

- --- -

See explanation at head of table. 

~ 
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Table 13.--Mechanical·analyses of drill cuttings from test holes -.Continued 

Depth Particle size, mm 
·qf · Clay and Sand sizes · Gravel . sizes 

·sample silt sizes v. fine ·Fine Medium Coarse V. coarse v. fine Fine Medium 
{feet) .Oo4- .0625 .o625--.125 .125-.25 .25-.5 ·. 5-1-.0 1.0-2.0 2-4 4-8 8-16 

Well 17 .9.25.123, Test hole T..;,21 - C:ontinued 

L40- ·150 "61~"1 ·13."8 A .14.4-A 1.7 c 1.6 D 3.0 D ·3.3 D 1.1 D 
l50- 160 59.0 11.2 B 6.6 c ·.2.5 D ~.6 D · 6.·3 D 10.0 D 0.8 D : 

L60- .170 64.4 -11.4 A 9.2 A 7.4 A 3.3 B . 2.1 c 1.6 D o·.6 D 
L70-. 180 37-9 8.6 .A . 12.1A 16.0 A 14.1 .. B 8.4B . 2.6 a 0.3 D 
L80-.190 .65.6 7.5 A 7.5 B 4.·3 c 3.8 c 5.7 D _._.5 .5 D 0.1 A 
190- 200 70.1 . 7.7 A 4.0.B 2.5 c 3.5 D 6.2 D 5.8 1). 0.2 D 

! 

200- 210 73.2 6.·5 A 4.5 B 2.8 c 3.2 D 4.5 D . ·4.7 D 0.6 D .. 

210- 220 76.9 6.7 A 3.4 B 1.9 c 2.3 D 3.6 D 4.9 D. 0.3 D : 

220- 230 . - .66.5 5 .. 9 A 3.3 c 2.7 D 3.7 D 7.3 D 9.5 D . l .. l D 

...., 
~ 

230-"'240- .70.4 . ~ 7.2 A 3.7 B . . 1 •. 9 c 2.7 D 4 .• 3 D 7.9 D . 1 .. 9· D ' . 

240... ~50 66.8 :7.8 A 5·9 c · 3.6 D . 4.-4· D 5.9 D 5.0 D. ·0.6 D 
250- 260 74.7 9·1 A 3.7 B 1.8 c . 2._3 D 3.1 D. 3.5 D 1·.2 D 
260- 270 79.3. .. 7..3.A 4.2:B 1.7 c 1.8 D 2.1 D 2.8 D.:. 0.8 D i . 

270-· "280 . 75.8 · 6.1.A 3·.5 B. 2.2 c .. 2.9 D 4~4-D · · 4.3 D'.: :o~8- D .. 

28o- 290 76.4. :-6 .. 7 A 4·.0 B 2.6 B 2.8 c . 3-5 c . 3.3 c 0.7 .. D 
290- 300 '78.9 5·.1.A 3.7-A 2.5 B -2.3.C 2.~ c . 3.7 c 0.8 B 
300- 312 80.6 ' 8.6 A ·3.2 B ·· 1.7 c 1.5 c ··· 1.7 D 1.9 D . 0.8 D 

!. t 
. . .. Well 17.9 ~"25 .32·4~ Test hole ·T-7 

0- 10 55 .·o 9-5 c 12·.9 c lO.O D 6.5 .D 5·.1 D 1.0 D 
·10- 20 43.2 13.3 c 11.3 c 7 .• 1 B 8.6 c 11.2 c 5.1 D 0.2 D 
20- 30 54.1 . 11.9 c 13.2 B . 9.6 B 8.0 B 2.9 c 0.3 D .. 

30- 40 - 30.0 9·9 B -22.0 B 16.9 B 18.9 c 2.0 .. C 0-.1 D. 
. . 

40- "'50 ."15~7 .. ·.:1.3-.5 . .-1\ -40~0 A . "J.4~7 B "ll.7 c · ---4-.·3·n ·_··o,lcA 

.see explanation at head of table. 
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. . Table. 13. --Mechanical analyses of drill cuttings from test holes - Cont~nued .. 

Depth · ·particle size. mm 
of . Clay and Sand sizes Gravel sizes 

sample silt sizes v. fine Fine Medium Coarse v. coarse v. fine Fine Medium 
( feeB · .Oo4- .062'> .o62'i- .12'i .12_5-_._2_5 .. 2'i-.'i . 'i-1 .0 ] .0-2__._0_ 2-4 4-8 8-16 

.. Well 17.9.25 .324, Test hole T-7 - Continued 
50- 60 31.7 11.4 A 20.6 A 10.6·A 11.0 :a 14.6 c 0.1 D 
60- 70 42.0 14.0 B 17.7 A 9.6 B B.o c 8.7 D 
70- . 80 39.2 10.2 A 13.1- A 10.2 B 19.6 D 7.7.D ; 
Bo- 85 7.6 4.8 A 13.5 A 31.8 A 27.4 A 14.8 B ' 0.1 D 
85- 95 )2.9 . . 10.2 A 10.7 A 6.0 .A 10.9 A 28.-7-B 0.6 c 

. 95- 105 45.6 ·13.3 A 15.0 A 7 .·3 A 7.3 B 11.1 B ·._.:- 0.4-D . 
105- 115 45.6 . 16.4 A 17.9 A 7.8 A. 6.4 B 5.7 }3 0.2.D 
115- 125 . 35.4 . .12.0 ·A 14.0 A ·6.9 B 9·5 c 19.1 c 3.1·D ·---

125- 135 ... 30.8 12.5 B .14 .1 c 9.8 c 13.0 c 17.1 c 2.7 c 
135- 145 42.4 .. 17.4 .B 15.·3 c 4.3 c 

.. 

5.1 c 12.2 c 3-3·c 
t-' 

~ 
145- 155 40.4 20.0 B 12.7 B 5.4 c 6.9 c 12.8 c 1.8 D. 
155- 165 . 31.2 19.•6 B. 13.0 c 5.5 D 7.4 D -15.3 c 8.0 c ; 

165- 175 34.8 . 14~~4 -B -13.7 c 10-.2 c . .12·~·o n· 10.5 c 4.2 D 0.2 .. D 
175- 185 39.4 .. l8.2 B '11.8 c 6.2-C ·. 6.0 c 13.3 c 5.1 c 
185- 195 43.3 13.3 c . 11.6.c 9.1 D. ·10.1 D 10.4 c 2.2.C : 
195- 205 . 31.3 9-3 .. c . 7.4-c ,6.8 D 14.8 D 28.1 .D- 2.3'D 
205- 215 30.5 9.5 C- 9.0 D- 7.1·D 8.7 D 15.8 D 18.9 D 0.5 D 
215- 225 34.9 '10.1 c 1.0 ·.9 1) 10.1.D. .. 8.7 D 9.3·n .14.3 D 1.7 D 
~25- 235 54.1 - .. 8.2 c 7.1 c 6 .• 1 D 6.1 D 9.6 D 8.0 D 0.8 D 
235- 245 42.2 7~0 D · 4.9 D · 4.5 D 8.0 D 13.7 D 17.3 D . 2.4 D . . 

t 

245- 255· 54.4 12.7 B 4.9 c 4.6 D 6.1 D 7.9 D 7.1 D 2.3 D .. 

255- 265 59.2 · 14.9 B · .. 7.2 c 3.8 D 4.3 ·n 5.9 D 4.3 D 0.4 D 
265- 275 ' . 54.0 . -~12 .• 0 .c ·7 .6 .D . -5-·'9 .D 5~6-D .· 7-.3 D · .... 6 .. 4 D 1.2 .. D. 
275- 285 54.6 · 10.3 B 7.5 ·c 5.9 D 6.o·D 1.9-D ·6.5 D 1.3 D 
285-· 295 50.7 11.8 B 9.2 c 6.9 b -7.1 D ·6.8 D 6.o·D. 1.5 D. 

See ·explana t·ion at head of ·table. 
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Table 13~--Mechanical an.a.l:~ses of drill cutt.ings from .test holes - Continued 

v 

Depth ·Particle size. mm 
of Clay and Sand sizes Gravel sizes 

sample silt sizes· V .·fine Fine Medium Coarse V. coarse V. fine Fine Medium 
(feet) .. oo4- .o625 .0625-.125 \ .125-.2 .25-.5 .5-1.0 1.0-2.0 . 2-4 4-8 8-16 

Well 17.9.25 .324, Test ·hole T-7 --c-ontirnied 
... 295- 305 i 57-5 8.8 B 7.6 c 6.7 D 6.6 D 6.8 D 5.0 D 1 .• 0 D 
305~ 315 48.2 11.9 c 10.9 c 7.8 D 7.1 D 6.9 D 6.8 D 0.4 D 
315- 325 42.8 13.1 B 13.7 c 12.4 D 9·5 D 5.8 D. 2.5· D 0.2 D 
'325- 335 46.6 . 12.9 B 12.8 c l 9·9 D 8.1 D 6.0 D_ . < .. 3.4 D 0.3 D 
'335- 345 '50.8 14.4 B 14.1 c 13.4 D. 3.6 D 2.9 D . . 0.8 D 

. 345- 355 59-·4 .11.6 B 9.4 c 7.0 D 6.1 D 4.5 D. 1.8 D 0.2 D 
. 355- 365 . 40.6 1·3.2 c 13.2 D 12.8 D 11.1 D 6.8 D 1.9· D 0.4 D ; 

365- 375 47.2 15.0 B 11.9 c 8.7 c 8.8 c 6."0 D 2.2 D 0.2 D 
.375- .385 .· 50.8 11•5 B 9--3 c 7.8 c. 8.8 D. 7.6 D .. · ·:3.6 .D .0.6 D : : 

..... 
~ 

385- 395 49.2 13.8 c 11.3 D . ~a .a n 8.4 D ·5.8 D 2.5 D 0.2 D 
·395- 405 .. 53.1 10.7 c 8.4 D 7.4 D 8.3 ·n . ·-8.4 ·n 3.5 D 0.2 D ... . . 

·_ 405- 4l;5 51.0 11.4 B 8.7 B 7.2 c 7_-4 D . 7.0 D 6.3 D 1.'0 D .. 
': )~·15- 425 5l':9 : .11 ... 7 B · ··10.2 ·.c ·-:£.1 D. · 8.2 D 7.3 D · · ·1.7 n· o.-, n 

' 425- 435 .· . 45.0. 12.9 c -11.8 D 10.6 D 9·.4 D 7.1-D 3.2 D .. 
435- 445 '47 .2 12.9 B 12.0 c 11.4 c 9.3 D .. -4-.'9 D :. 2.3 D 
445- 455 43.4 13.4. B . - 12 .3. c i1 .• 2 c 10.5 D 7.3 D 1.8·n 0.1 D ; 

455- 465 57.1 · · u·.o· B . '8.9 c 7.4.c ·9.2 D 5.9 D ·· 0.5 D I ' ~ 

465- 475 46.0 . 18.7 B 4.0 c. ·l{).8 D 12.4 D 7~4 D .0.7 D I 
~ 

475- 485 45.5 . 11.0 c 11.6 D ro~o·n 12.4 D . 9.1.D 0.4 D : 

485- 495 45.2 4.8 B 13.9 c 9·9.D 11.2 D 12.1 D 2.9 D ' . 

495- 512 42.0 18.8 B .. io.2 c 6."9 D 7 .9· D . 8.1 D . 5 ·5' D 0.6 D 
:· 

' 
I 

' 

.. 
.. 

. . .. 

. . 

I 

·se·e explanation at head ·of -table·.· 



• • • 
Table 13.--Mechanical analyses of drill cuttings· from test holes.- -·continued 

i. 

I 
i-

....... J. 
~-

0 1 

\~ 

1 
.. l 

1 
1 
1 
1 
1 
1 

Depth Particle size, mm 
of. .Clay and Sand sizes 

saniple silt sizes· v. fine Fine Medium Coarse V. coarse 
(feet) .oo4-.o625 . :<>625- .12_5_ .12_5_- .25 .25~.5 .5-1.0 :1.0-2.0 

.. . . . . Well 17.9.25.444, Test hole T-11 

0- 10 87.0 5 •. 3 A 3.1 B 1.4 c 1.4 D 1.2 D 
10- -20 90.0 . 5•8 A 2.6 B 0.7 c o.4 G 0.3 D 
20- 30 84.4 8.9 A 3.5 B 1.5 c 1.0 D _0.5 D 
30- 40 93.7 2.9 A 1.8 A 0.6 c 0.4 c 0.3-D . 
40- 50 83.3 7.4 A 7.1 A 1.5 A 0.2 D 0.2 D 
50- 60 91.6. · 3.5 A 2.9 A 0.6 B 0.2 D . _0.·3.-D 
60- 10 80.7' 1-1.3 A 5.2 A 0.1 B 0.4 D 0~5 D 
70- 8o -85.2 5.4 A ... ?.~9 A 0.8 D 1.1 D - .1.7 D 
Bo- .90 79.0 10.2·A 7~6 A 1·.o -c ··o .-"6 ·n -·--o~·a. n 
90- 100. 90.9 ~ 4.1 A 2.6 A 0.6 c 0.6 D o.8 -n. 
00- .. 110 88.2 7.0-A 2.9 A 0·5 c 0.3 D 0.5 D 
ro~ 120 .. 83.8 -'8.4 A 4 .• 5 B l.l C. 1.1 D ·1.0 D 
20- 130 73.7 11 .• 0 A 1.9 c . 1.7 D 1~5 D · 2.0 D -
30- 140 8o.o - 7.0 A . 4.5 c 1.5 .D 1.8 D 2.5 D 
40- 150 '11 .3. 10.2 .. A .. . 4.5.-,C .1.2 .D 1.7 .D 2 • .5 D 
50- 160 77.8 "'11.4 A' ... ;.6 c 1.2 D 1.5-'D 2.1 D 
60- 170 67.7 7.9A '4.4 c 2.6 D :3.5 D .·. 6.;·3-D 
70- 180. 66.4. 7.0 A 3.2 c 2.3 D 3.9 D 7.3 D 
80- 190 74.3 5.4 A . 2.9 c 1.8 D 3.0 n -5·5 D 
90- 200 76.0: 6.8 A 3.5 ·c 2.0 D 3.1 D 4.4 D 
00- 2l0 10.0 4.1 A ·. 3.7 c. 3.1 D 4.0 D 6.4 D-
10- 220 68.0. ·5·.8 A. .. ·.3,;2 c ·2.-H D -4.4 D ·: .. ~6:_.-4 ·n 
20- 230 .78.6 3.8_A 2.9.c 2.4· D 3.1 .D 3.9 D 
30- 240 78.1 ·5.6 A · ... '2 ·'1 c --2.2 .. C 2.1 D ··--4·;0 D ·· 

See.exp1anation at head of table. 
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Gravel sizes 
v. fine 

2-4 

0.5 D 
0.2 D 
0.2 c 
0.2 D 
0.3 D 
0.5 D 

· ·0.1 D. 
-2.6 D 

· ·o.6 n 
. 0.4 D 

0.6 D · 
· .-·o.-1 n 

· 2.2 D 
2.6 D · 
2 .j .-D 

; 2.0 D . 
6.8 D 
8.4 D. 
5.7 D 
3.5 D 
1. 5 _]) 

. -·c .~o-1:) -
4.5 D 

· 4.7· D-

Fine 
4-8· 

0.1 D 

0.1 D 

0.4 D 
0.5 D 
0.3.D 
0.2 .. D 

·o.1 n 
0.3.D 
·:o:4 n 
0.8 D 
1.5 D 
1.4 _D -
0.1 D 
1.·2 .D 
·2 .-4-~D 
0.8 D 
o.6 n 

Medium 
8-16 

. . 

.. 

... 

.... 

·-

I• 
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Table ~-.--Mecha:nical analy~es ··of' drill cuttings from test .holes .. Cpl;ltipued . 

Depth Particle size. mm 
of' Clay and Sand sjzes Gravel sizes . 

sample silt sizes· V. fine· Fine Medium Coarse v. coarse v. fine Fine Medium 
(feet) .Oo4-.0625 .o625-.125 .123_:-. 2_5_ .25-.5 .5-1.0 1.0-2.0 2-4 4-8 8-16 

We~l 17.9.25.444, Test hole T-11- Continued 
24o- -250 72.4 . 5.4 B 3.1 c 2.7 c 3.8 D 6.4 D · 5.6 D 0.6 D 
250-·260 71.6 6.6 A 2.7 B 2.2 c 3.6 D 5.3 D . 6.8 D 1.2 D 
260-· 270 68.8 · 11.3 A 4.4 A ~.4· B 2.4 c 3.9 D 5.2 :0 1.6 D ; 

270- 280 . . 73.6 9.2 A 3.1 B 2.0 B: 2.3 D 3.1 D . 5.3 D · 1.4 n 
280- 290 76.') 8.2 A . 3.-0 c 1.8 D 2.6 D 3.2 D · · ·:·3.5 D 1.2 D 

. .... 73.4 4.2 c 3.4 D 
.. 

290- 300 7.7 A 2.7 D 3.1 D 5.0 D 0.5 D I 

300- 307 · .. 71.3 ·10.2 A 3.5 B 2.3 c 3.4 c 4.2 D 3.8 D., 1.3 D J: 

.. Well 17.9.26.431, Test hole T-4 
.. 

0- . 10 . 70.1 8.6 A 8.3 A 5.8 B 5.4 c· 1.4 D 0.4 D· 
10.- 20 50.2 10.6 A . 9.3 A 5.7 A 7.0 B 8.5 c 8.0 D 0.7 D 

. 20- 30 42.3. 6.5.A 6.9 B 8.3 c . 9.7 D 1.2 .6 D 10.0 D 3.7 D 
30- 4o· -·16.6 8..5 A 35 ·? A. 18.7 A . 7 •. 2 B . 4.6 D .ij. .8 D 4.4; D 
40-. 50 . . ..10.5. :.11~9 A' .53·9 A 18.9 B · . 2·.7 c ·1.3 c 0.2 c 0.6 c : 

•'50- 60 .. :. 47.1. . ~·14.0 A· 12.7 B 8.0 D 8.6 D. · 8.4 D 1~2 D · ·. ; 

60- 10 · .. 32·.-o ·. ·11.2 A 40.9 A ·9.4 B }.2 D 2.8 D . . 0.5 D ! .. 
10- · 8o . . 42.4 .. 14~5 A 24.7 A 6.4 c 4.5 D 5.4: D .. ·2.1 D 
·8o- 90 .. 24.3 16 .• 5 A ·36.l A 12.1 B 6.6 D 4.0 D 0 .. 4 D ; 

90- 100 . 39-3 ·18.6 A· 17.9 A 11.6 c 3."4 D 9.0 D '0.2 D t 
i 

100- 110 50.8. 13.0 'A 12.4 B 5.1 c ·7.9 D 10.5 D 0.3 D ' 
] ... 

110- 120 .29.5 18.9 A 29,.8 A 8 .. 1 B 3.8 D 5-3·D 4.6 D : 
.. 

120- 130 35•5 . . 24.3.A .lO.l B . 10.1 .D: ·. 8.6 D 9·9 D 1.5 D 
.. -. 

... 

130- 140 .... -51.6 ·-. ·2B.1 A 10.3 B 3;2 c 1.9 D . 3o0 D ·1~9 D 
140- 150 58.6 19.1·A 9.3 B 3.6 B 4.4 c 3.7 D t.3 D 

... 

.. 

See explanation at :head ··of table. 
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-Table 13_. --Me·c.b.a.riical analyses of drill cuttings :frtim test l:;toles --Continued 

/ 

. ~ptb. Particle size. mm· 
··of Clay and Sand-sizes Gravel sizes 
sample silt-sizes v. fine Fine Medium Coarse V. coarse V. fine Fine Medium 
(feet.) .004-.0625 -.0625-.125 .• 125-.25 .25--5 ... 5-1.0 1.0-2 .• 0 2-4 4-8 8-16 -

... Well .. l7 . .9 .26 .431-, Test hole T-4 - Continued 

150- 160 41.9 11.4. A 9·9 B 9.2 c 10.4 D 13.6-D 3.6 D 
160- 170 54.2 15.4 A 8.3 B 6.0 B 1.1 c 7.0 c 1.4 D 
170-~ 180 50.7 ·-9.7 A . 6.5 B 7.6 c 5.1 D 13.5 D · 6.9 D 
'180- 190 .. 49.0 · 13.4 A .11.2 B 4.3 B 9.1 c 9·9 c -2~5 D 
190- 200 51.1 9.H.A 9~9 B 7.8 c 6.6 c 13.0 c 1.8 c 
200- 210 65.4 .. 11.2 A · 7.1 B 5.9 B 5.2 c 3 .'6 c .: . 1.6- D 
' .. 
; Well :·17 .9.36.414, Test hole T-20 

0-· 10 _73.i >". 5·.2_ c 4.2 D 2.8 D 3.3 D 5.4 D .. 4~-8 D 1 .• 2 .D. 

10- 20 91.0 . 4.9 D 2.0 D 0.4 D 0.4 D ·o.2 n 0.3 D 0.8 D 
20-· 30 . 86.8 6.4 B 3.1 c 0.9 D 0.6 D 0.9 D 0.8 D 0.5 D 
30- 40 . 19.6 7.1 B 2.5 c 0.8 D 1._3 D . 3.0 D 4.2 D 1.5 D 
40- 50 ·57 .3 · .. 1.9 D 3.4·n 2.2 D 3 ... 3 ~-n · 8.5· D. .·16.5 D;: 6~9· D. 

.50- 60 78.0 9.8.A 7.0 A 2.1 B ·o.4 c · 0.6 D . 1.0 D 1.1 D 
60- 70 . 73.6 .. ·:_-'13·;~8 A ·~ 6.7 .B 0.8 c .·o.8 D 1.5 D 2.6 D o.·2 n 
70- 80 75.1 · 9;3 A 6.6:A 2.4 B . -1.8 B 1.8 c 2.3·n 0.7 D 
80- 90 .. 76.6 - 10-.9--A· · 5·9 A i.4 B 1.0 c . 1.5 c 2.1 n-- 0.6 .D 
90- 100 . 1.3.2 .. .. ;.10 .2 .. .A __ ._10.1:1. .A .2 •. 0 .. B . · 1.0 .C l.O.C 1.8 D 0.4 D 

100- 110 ""73.·8 . ·11.9 A 5.5 B ·1.6 B 1.2 c 1.8 D 2.2 D 2~0.D 

110- 120 68.6 12.0 A·. 8.4 A 3.5 B' 2.3 c 2.6 c 2.6 c .. :t 

120- 130 72.4 10.2 A 5.6 B 2.1 B .1.8 c 2.0 c 4.3 D 1.6 D 
130-.140 82.1 6.2-A 4.2 B 1.5 c .. 1.4 c 1.8 D 2.3 D 0~5-D 

l4o-· 150 .70.~'5 · · .. : . .1r .. ·l.A .-4~4 . .B ·.1.4 'C ' ---~·9-D :· ·2.9 D · ·6.1 ·n 1. 7'-D .. 

150- 160 77.4 7.8 A 3.6 B 1.2 c 1.3 D 1.8 D 4.0 D 2.9 D I 

·I 
See explanation at head of. ·table .. 
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Table 13.--Mecbanical.- ana:Lyses.·of drill cut_tings from test holes - Continued 

~ 
.J:­
\)1 

- Depth Particle size, mm 
of Clay and Sand si~es 

sample silt sizes v. fine Fine Medium Coarse V. coarse 
(feet1 .oo4-.o625 .• o625- .125 .125-.25 .25-.5 • 5'~1.0 1.0-2.0 

-Well 17 .9_.-36 .414, Test hole T-20 - Continued 

160- 170- 57.6 9.0 B 4.5 B 2.5 c 3.9 D 7.2 D 
170- 180 54.9 5·9 c 3.3 D 2.7 D .4.7 D 7.7 D 
180- 190 - 77.1 7.9 A 2.4 B 1.5 c 2.4 D 2.6 D · 
190- 200 -65.1 . 6.4 B 3.1 c 2.7 D 4.4 D 7.1 D. 
"200- 210 '67.6 - 5~5 B ·2.6·-c 2.1 D 3.2 D 5.8 n· 
210- 220 .69.1 1.0 A-. - 3.1 A .. 2.9 B 5.0 B 8.3 c -, 
220- 2!<J "75.7 -4.6 A 2.1 B 1.6 c 2.3 c 5.1 c 
230- 240 78.2 .... 5. 7 A 1·.9 B 1.5 c ·2.6 D 3.9 D 
24o- 250 ""·69.6 · 6..2 B 2 .• 7 c 2.3 c 3.8 D 6.2 D 
250- 260 73.1 6.3 B 2.1 B 1.9 c 2.7 D . 4.1 D 
260- 270 77.4. 10.1 A 3.2 A . ~2.0 B 2.o·c -2.1 D 
270- 280 75.4 ll.l·A 3.7 B 2.2 c 1.8 c 2-.8 D 
280- 290 .. :~8.3.-4> .·9~-5 A .2.5.-B ""l•3 c 1.2 c 1~0 D 
290- 300 '. :73.2 . "9 .5 A . 4.2 B 3.1 B . 2.4 c 3.2 c 
300- 312 "11-9 7.7 A ·3.4 B . 2._3 B 2.4 c. 3.0 c 

. 
0 

See explanation at bead of table. 

Gravel sizes 
v. fine Fine Medium 
2-4 4-8 -8-16 

11.3 D 4.0 D 
13.7 D 7.1 D 
3.7 p 2.-4 -D 

. 8.4 D 2.8 D 

. .'·9 .-1 1;). 4.1 D 
4.2 D 0.4 D 

I' 

8.3 c 0.3 D · : . 
-5 ·9 D 0.-3 D 
8.2 D 1~0 ·n 

: 

8.1 D 1.7 D 
2·.6 D 0.6 D 
"2. 7 .D 0.3 D .. 

. . 

0.8 D- 0.3 D 
3.6 c o.8.n ., 

~ 2.6 D . 0.1 .D 

.. 

' 

e; 
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Table 14.--Depths to water, in feet below land surface, in observation 
wells in vicinity of Holloma~ Air Force. Base, Otero 
County, N. Mex. 

.. 

16.9.3.422. Wade Maupin 

Date - Depth to water 
'• 

April 12, 1952 ..... - ... .... 124.38 

March 26, 1953 i53.10 ~ : 
June 24, 1953 . 126.63 

February 8, 1954 
. . ' .. 

1~2~88 E.! .. 
., 

April 17, 1954 134•75 

August 26, 1954 128.80 

October 26, 1954 127.53 

December 27, 1954 "118.43 

April 30, 1955 122.30 

Decembe~ 12, 1955 124.23 

February 9, 1956 . 119.35 

16.9.5.244. Charlie Nichols 

April 7, 1952 55.40 

Ma_rc~ 26, 1953 '55.93 

February 8, 1954. 55.43 

February 21, 1955 . 57 .. ~2 

·February 9, 1956 57.48 

See footnotes at end of table. 
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Table 14.--Depths to water in observation wells - Continued 

16.9.13.320. E. A. Steinhoff . ... 

Date Depth to water 

April 14, 1952 90~85 . 

March 26, 1953 ... '92.60 

February 8, 1954 91.63 
,• .. • 

February 21, 1955 .. 95.29 
February 9, 1956 95.92 

.. . . . -
16.9.26.341. R. J • Turner I • . - - . 

Aprii 14, 1952 26.33 

June 24," 1953 29.87 

February 8, 1954 27.38 

• April 16, 1954 29.90 

June 25, 1954 .. -. ·~ -.. . . 30.09 

August 26, 19~4 29.50 

October ~6, ;1.9?.4 29.81 

December .. 27, 19?4 27.85 

Feb~ary 21, 1955 ?7 .20 . . 
27.94 April 30, 19?.5 

June 15, 19?? 28.23 

October 14, 195~ 28.96 

·December 12, 1955 24.45 

February 9, 1956 26.05 

See footnotes at end of table. 
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Table '14.--Depths to water in observ~tion wells - Continued 

17.9 •. 24. 342. W • L. McConunon 

Date 

~pril 14, 195? 

June 231 1953 

February 8, 1954 

April 17, 1954 

June 25, 1954 

A}lgust .26, 1954 

October 26, 1954 

December 27, 1954 

February 15, 1955 

January 6, 1956 

17.10.6.il4. Walter Ray 

April 14, 1952 

March 28, 1953 

February 8, 1954 

February 21, 1955 

!} Pumping. 

~ Pumped recently. 

~· Nearby ·well pumping. 

· Depth to water· 

56.18 

57 .sa 
58.65. 

60.40 

.. 59.64 
60.49. 

60.81 

60.18 

.. 59· 74 

64.21 

121.86 

122.74 

127.14 

124.84 ~ 

.) 
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Table 15.--Records of test holes drilled in 1954 in vicinity of Boles well field, otero 

County, N. Mex. ~ 

Location 
. ' 

no. 

17.9.13.244. 

.23.333 

.23.431 

.24.142 

.24.222 

.25.123 

.. 25.324 

.25.444 

.26.431 

-36~414. 

~ Drilled for Corps of Engineers by Collins Motor Co. of Alamogordo, N. Mex. 
See table 11 for logs, table 20 for chemical analyses of water from 
sampling zones • 

. EJ Estimated from- topographic map. 

Test · Date Alt~tude Depth ... Diameter 
hole. Land owner com- of land of hole of drilled 

:pleted surface hole no. (feet) 
(1954) (feet) (inches) 

T-22 Dept~ ·of Int~rior .Dec. 24 4228 El 310 M. .. 4 

T-3 - Oct. 18 4105.6. I ·2o8 . 7-7/8 

T-1 Dept. of Interior Oct. 9 4119.1 300 M. 4 

T-8 A. Stafford and Nov. 29 4166.4 312 M. 4 
W. B. Blakemore 

T-9 Pearl F-. Harrington, Dec. 2 4201.2 314 M. 4 
. ·et al. 

T-21 Leah Henry Dec. 9 4122~3 312 --M. 
4 

T-7 L. L. Pate, et ux ... Nov.-~ ' ·.Ju07 .• 9 517 --~ 

T-11 Virginia H. Leonard Nov. 22 4115.4. 307 M. 4 

T-4 Dept. of Interior Oct. 23 4090.3 209 .7 7/8 
T.:.2o State Of. New. Mexi-co· Dec .• ·15 · ~o9f).-.6. 312 -~ 

.. _ ... 

\, 
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Table 15.--Re·cords··of·test·holes ··drilled. in vicinity of Boles well field, .-1954 ·Y - Continued 

·Water. level. . . Water sampling zones 
Location· Below land- Date of (Feet below land surface · · Remarks 

no. surface datum measurement Shallow Deep 
. {feet) {bailed) (pumped) 

17 -9~:13.244 .95-3 Dec. 271 .1954 95-120 168-310 Had trouble·drillins beyond 21 
feet, owing _to caving of sand 
and gravel • 

... 

.23.333 37.7 Oct •. 191 1954 38-46 107:..208 · Lost ·c_irculation in evaporites 
at about 11 and 22·feet. -set 

. -· 
· 25 feet . r;>f 1~'1 0. D; Surfac·e · 

Gasing._ 

·.~·23~431 . 41·~4 Oct. 9;, _.1954 147-300 Deep .· zone . 
. 44-.5. Oct. ·91 1954 45;..51 Shaliow zone. 

.24.142 -:65.;8·· Dec. 2,1954 . '66-80 . 143-312 

.24.222 76.9 Dec. 3, 1954 77-100 149-314 

.25.123 60.7 Dec. 10, 1954 61-86 149-312 

.• 25.324 . 58.~8 Nov. 31 1954 . ··59~80 169-517. ·see ·res~ ts ··of ::test· .. ~pumping 
. 57 ·9 Jan. 17, 1955 p. 6-3. 
•'"57'~9 Jan. 20, 1955 Temperature : · 66 °F .• 

.25.444 -~ 63.8. Nov. 23, 1954 . 64~80 251-307 Circulation· pa;rt:ly_:.lo-st .from : 
50 t·o 60 feet· •. · .. Added 100 .·:lb·s. 
NaCl to mud ·b·ef.ore· e1ectri.c 
logging. 

.26.431 44.1 Oct·. 25, 1954 44-60 100-209 

.;6.4~4 58--.7 nee·. 16, ~954 . ·59~75 . ~31~ 

i 
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.Table 16 .--.Records .of wells -ana test holes in and· ·near the Boles well fi,e·ld, Otero ~~County, 

N •. Mex. _1/ . 

- well Date Depth Diameter Altitude of 
Location no. ·Landowner Driller com- of well of well land surface 

'Y. y JY pleted {feet) L) {inches), {feet) §I 

.··17 .9.24.222 - P. F •.. Harrington., - Old 68 ··- -
.. et al. 

24.342 33 W. L. .McCommon J. I. Collins 1952 204 .: ... -a ... 4,.144 E 
.. 24.343. 34. .. do. ·.U~· S •. A. F. Apr .• ·1955 255 10 -

·25.212 35 L. c. Boles do. Ma.y .1955 · .. 236 ''"10 
~ 

25.213 17 do. do. Aug. 1953 243 i2, 10 4,129· .. 3 

25.222. 16 . ·do. do. May 1952 . . 217 .. . ,.10· . ···.4,_144 ..• 6. 
: 

17."10.18~343 8 Harold Striker do. .A}.lg • .1948 . 262 '1{) .. 4.,.169 ~2 

18.424 3 R. G ... Walker do. Feb. 1948 128 .. ... 10 4,211 .. 8 
------ ---------- ------- ----

-see· :footnotes ·at·--end of· ··tao1.e. 

. .. 

,..... 

g 

. , 

'\ 

\. 

.t 



~­
Vl ...... 

: 

'···~..:::. 

• • 
Table 16.--Rec·ords of .wells and test holes in and near the Boles well field, -Otero. County, 

. N .• Mex. y - Continued_. 

--
Well Water ·level ··- ·Test .. Performance Chem-

Location no. Below land Date of . . Yield Draw Dura- ical·-
y surface datum measure- Date (gpm) down tion of Anal- Remarks 

(feet) JJ ment I! (fe-at) test ysis 
.. 

'. 

_1/ (hours) ··-~ 
.. 

. ' 

17 ·9 .24·.222 ;- 65 Nov.l911 - - - -· . - A9andoned; Meinzer's 
"feil .1.724. .. . . 

. '• 

4/14/52 9/ 7/54 '24.-342 33 ·56'.2 ·185 8.8 5 ·x Temperature : · ·68 °F. ; . 
59-·7 2/15/55 Summer 1955 357R - - see log. 

.· 24·.·343 . 34 . 62.5 4/29/55 -~/'?.9/55 250 64 12 .X See· sampl,e log~ 
-63.6 ·6/15/55 Summer 1955 220R - .. 

.. . .. ·- . '65.6: .. 1/ 6/56 .. 

•• 

.25.212 35 70.6 5/23/55 5/25/55 411 68. ·30' X Temperature: 68°F.; · 
'73-3. ·. 1/ 6/56 .Summer 195 5 292R ""! - see sample log. 

'~25.•·213 1:7. : .. ·_·62.-9. 2/--8/54 ' 11/-24/52 B6.5R 61R .. . ~-- . .·-:-x;·:.:·· Tem.peratur.e :- }~0°F-.-j 
. 72.5 '5/J.3/54 2/28/55 .. 353 62 : ... -:288 ·(R) . 

65.2 1/20/55 Summer 1955 331R .. - . 

72.0 . 1/·6/56 
--

'25.·222 ·.16 .. -62R 5/ 1/52: May 1955' IOOR - - X"· ·Temperature: 70°F ;·; 
.. -6T.l -1/21/55 Suinmer-1955 '94R {R) . 

70.5 1/ 6/56 

A: ri ,J-O .18 ._343 ... C' 

Wel~ reported entir~-- - - - - . -
fy.dry;- c~sing pulled 

····· .. - -· .... ·- -· .. and ::hole-.fUled; . see 
l~g .• 

' .. 
'·18.-424 "3 - .. .;. - - .. .. ....... ... ......... ·--.--x-- .. ··-ca-sin-g-collapsed. .. -at 

128 feet; ·c~sing . 
I 

phlled and hole filled; 
see log .. 

-.···;·See· ·fo.atnotes at. ·.end ··:of table. 
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. . Table .16.--Records of wells .and test ho1e~:.in·.And.-~:- the ·B-oles. well. i'ield;.:~Qt~ro-iCounty~ -· · 

· · N. -~x. ___ !/ -.Continued. · · _ · . · . 

. -·--
Well Date Depth Diameter Altitude of 

·Location no. Landowne:r Driller . .com- of well of well . .land -surface 
gj ~ ·JY .·. pleted {feet) . .2/ {inches)· (feet) §/ 

17 .10 .. 18.424a '9 R. G. Walker U. S. A.· F·. Oct. 1948 244 . 10 4,·211.8 

. 18.424b 18 do. ·do .. ·Feb. 1953 - - -
i8)t32 24 .Harold Striker do .. May 1953 ·250 : 

·.·· 
. - . · .. 4,187.3 

.. : 18.-4;2a .28 do. · Harold Doty Aug. 1953 260 ; · .. 29i 10: . '. . . ·.· 4,_187. 3 ·: 

. i8.433 .. 6 do. U .. S .. .A. F • June·· 1948 228 ''10 4,-175.7 

18.434 20 do. do~ Apr. 1953 250. - .. 4,181.5 
.. . . .. . . .. . 

18..442 .. . ·19 do. d_o. Mar. 1953 -250 - . . : .: .:_4., 206 ... 3 .. . . .. 

18.'~42a 26 _..::4,2o6 :·3 ·do. Harold noty · July:1953 .. 250. 2o,··'1o 

.18.4-4~ ·23 do. u. s. A. F. May 1953 . '250 . - .. .4,i90.6 
: .. . ... 

'. 19.111 - L. c. Boie~ - Old . - ·.6 .. 
. --

.· 19.il2 l3 do. · U. S. ·A~ F. ·Mar._ 195b 251 . . 10 4.,i63.3 

J.. 

· .See·_:f~tes-..i:d~ ... ,ehd .. _Of_-·tBbJe. 
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Table 16.--Records of wells and· test holes in and near the_Boles well field,. Otero Coun~y1 
N. Mex. !/ - Continued 

Well Water level Test Performance .Chem-
no. B~low land . Date of Yield Draw Dura- !cal 

Location '§ surfac·e datum measure.;. Date. (gpm) down tion of Anal- Remarks 
(feet) y· ment If. (feet.) .test ysis 

II (hours) ~/ 
17.10.18.424a 9 85R Oct. 1948 Oct. 1948 120- 157R - .X Casing·pulled·and 

180R ho~e filled. 

18.424b 18 - - - - - - - Well drilled at wrong 
location a~d filled·. 

·- ... 

18 .. 432 24 - - - - - - . X . Uncased ~est hole . 

18.432a 28 90R 8/26/5·3 ·: 8/27/53 . 30R 120 2 X See description of 
105.9 2/ 8/55 5/12/54. . 50 80 8 Ca1gon treatment 

p. 83; see· log. 

18.433 6 90R June 1948 June 1948 . 61R 80R - - Casing pulled and 
hole filled; see log-. 

18.434 20 - - - - - - x· Uncased test ·hole. 
. 18.442 19 90R. 3/11/53 ·- .. 

Uncased test hole -- - - - X 

18.442a 26 93R . 8/ 9/53 . 8/15/53 ··205R 6.3R . 48 ·x .. 
107.8. . "1/19/55 "7/31/54 . 176 . .. 58 120 
.109.7 1/ 6/56 Summer 1955 .174R 

18.443 23 110.7. 8/30/54 - - - - X Uncased tes~ .~ole. 
109.8 1/ 6/56 

19-lll - - - ·- - .... ·- ·-- - .X Mein.zer .. ~.s --~ell -1725-.. 

19.112 13 74R 3/ 7/50 1950 190R lo6R - x. Casing collapsed; 
····- ····· . --· well··fi1led ·and .. aban-

: 

doned. -- - -

See footnotes at end·of table. 

( 

• • 

~.-~~-· 

I ~ ...,.._ll Jt I~¢ .44¥Z~. • ~· -· ~ 

>.-

' ' f . 
t 

I 
I 
I 

' 
~ •. 



• 

~ 
Vl 
~ 

• 

.. 

• •• 
Table l.6. --Records of wells and test holes i~ and near the Boles vell ·field; otero Coun~y, 

N. :Mex. · !/ -. Continued. · 

W:ell Date Depth Diameter. Altitude- of 
=Loca-tion no. · Landowner Driller com- . of well of well land surface 

gj . ·~ ~· pleted (feet) 2/ (inches) (feet) §/ 

17.10.19.112a .25 L. c. Boles , U •.. _S. A. F. June 1953 243 12 4,162.1 

.19 .• 113 32 do. Harold Doty · · Oct. 195·3 175 . 6 4.,148.7 

. 19.121 ·. . t do. L. C. B9les_ May 19~7 140 8 -4,163 
. • . 

19.121a 10 ··--·"llo, tJ• S. A. F. Nov. ·1948- 260. . 10 :. . :4;16?~;4 

.19.12lb 11. do. ·-·do. ·nee. 1948 570 10 .. 4,160~9 

19.122 12 do. do.· Feb. 1950 215 8 -
19.123 2 do. t·. C. Boles Aug• 1947. '240 ·. 10 4,160.5 -
19~"132 .·. 7 do. U. s. A. F. ··July ·1948 .253 10. 4,147.0 

---- ---- ------ - - ---· ·--·-~-~- - - - --- ------

.t 

See fOotnotes at end of table. 
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Table 16. --Records of wells and ·test holes in and near the BOles well .field, Otero County 1 

.N. Mex. y - Continued~ 

.Well . . ... -Water level ·Test Performance Chern-
.no .• Below land . nate of Yield Draw Dura- ical 

Location 2/ surface datum. measure- Date (gpm) down tion of Anal- Remarks - (feet) JJ ment II (feet) ·test ysis 
... .... ]_/ {hours) ~ 

17.10.19.ll2a :25 "74.1 3/29/54 - - - - X . Unused 
.75 ·9 ··1/24/55 
77.5 1/ "6/56 .. 

19.113 ·32 70.2 -7/26/54 10/21/53 90R 65R 3 ·:X Temperature: ·67°F . ..; 
66.4 2/10/55 2/11/55 102 50 24 see sample log. 

·. 68.7 l/ 6/56 

19.121 1 ·65R May·l947 May ·1947 200R 55R 24. X Temperature: 64,·. 
71 °F. (R)'; well col-

·- lapsed and abandoned. 

19."12la . 10 ·72R Nov. 1948 - ~50R •32R ·- . X Temperature: 70PF.· . 
.. ·77.1.· 4/14/52 1/28/55 156 50 "48 (R); see log. · · 

. 80.2 .1/24/55· Summer 1955 149R 
. 81.2 1/ 6/56 

... 19.12lb 11 82R 2/15/49 - 5BR 288R -· . - ca·sing pulled . and 
. . hole filled·; see log • 

19.122 12 . 74R 2/23/50 Feb. ·1950 95 
... - - X Casing pulled and 

iJ 

hole filled;. see log·· .. 

19.123 2 80R - - 340R . 135R - X Temperature.:. 68°F. 
.. 83--5 1/24/55 ··Apr. l949 - 61R - '(R). ... 

-84.1 "1/ 6/56 Summer 1955 184R 

·19.132 1 70R - - :····-goR 150R - - : Casing pulled and 
hole filled; see lo_&. 

See footnotes at· end of ·table. 

~-



• 

.., 

1-' 
Vl 
. 0\ 

• • 
..Table 16 •. --Records ·of wells· and test holes in arid n~ar· the Boles well field, Otero County, 

N. Me~. !/ - Continued. · -

Well . Date Depth Diame_ter Alt~tude of 
-····L-oca;t±on · · no. Landowner Driller com-- of well of well lat;id surface 

gj y y pleted · (feet) 2} (inches) . (feetr-~/ 

17 .10.19~-141 15 L. c. Boles U. S. A. F. juJ_y 1950 370 10 - 4,152 .o 
19.142 l4 do. do. May 1950 . 25·3· 8 4,155.5 

... 

19~144 5 ·do. do. May 1948 . 205' . 10 4,148.8 
: 

T9.214 -4 R. N. ·Nolley do •. Mar. 1948 315 ·.·· . 10 .. 4,175·9 
.· ... · 

'19.234 21 -- -·ao.- . do. Apr.· ···1953 '250' . -· 
. 4,167.9 -

'19.241 ·22 L-. L • -·pate:, ___ .- ··do •. · do. ' 250 - . - -4.17!f.o 
et ux. 

. . 

19.244 do. Old . 75 . . .. 
... - - - -

. . .. 
•'19 .311 - W. E·. Groom, .. - · .. -old .-"52 ... - -

··et -al. 

. . 1 :-19.321 27 ·do. u.--s. A·. F • .... : ~u1y .. 1953 ·. :250 .. -- . ·4,~41 

.t 

See footnotes at · end of table. -
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Table.16.--Records of weUs and test_.·bo~s in and near the Boles well field, Otero County, 

N. Mex. !/ - Continued:·· . · . 

Well .water level Test Performance Chem-
no. Below land Date of Yield Draw Dura- ical 

Location .. y surfa-ce datum measure- Date {gpm) down tion of Anal- Remarks 
{:feet) J} ment II {feet) test ysis 

II . {hours) ~ 

17.10.19.141 15 74R Aug. 1950 - 375R 196R - ·x Temperatqre: 65°F. 
8o.o . 1/24/55 .2/ 2/55' 250 113 ''48 (R). 
8o.3 1/ 6/56 Summer 1955 . 230R ·.· ... 

19.142 14 77R May 1950 May 1950 12-5R 148R - X T.empera ture : 68°F. 
.83.0 1/24/55 Summer 1955 131R 
84.1 1/ 6/56 

:· ..... 19.144 5 74R May 1948 1948 220R. 76R . - X Temperature: ·68°F. 
.. . 80.6 1/24/55 - 180R l;JlR - {R); see log. 

81.1 -~1 6/56 Swruner 1955 ·127R l 

.• 

19.214 4 85R Mar. 1948 - 125R .. l69R . - X Casing pulled.; ~ee 
98.3 8/25/54 - log. 

1/ 6/56 
.. . . -

97.2 

19.234 21 92.0 8/25/54 - ·-
1: 

- - .x Uncased test hole . · 

19•241 22 . 93-9 8/26/54 " . Do. .- - - - X 

:J-9.244 - 45 Sept. 1911 - - - - - Dug well; now filled 
and abandoned; ·, ···. 
Meinzer's well 1730. 

: 

19-311 - 55 Sept. 1911 - - - - - Dug:well at school 
house; now.abandoned; 

.. . . Meinzer's well 1731 . 

19-321 27 BlR 7/28/53 -. - ~ - - Uncased test hole; 
see· log. 

--~- ------ -

See footnotes at end ·or table. 

·t 
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Table .16 .. --Records of wells and test holes in and near the Bole.s well field; Otero County, 

N •. Mex. .y - Continued. · 

Well Date Depth Diameter · . A1 ti tude of 
. · .. Locati·on .no. .Landowner ... Driller· .com- .of well of well· .J.fWld ·.surface 

y ."J/ ~- . pleted (f~et) 2} (inche-s) ·(feet) §/ 

.17.10.19.321a 30 W. E. Groom, Harold Do.ty . Sept. 1953 260 20, 10 4,140.7 
et al. 

.... 19·~323 ""29 . do. U. S •. A. F. Aug. ·1953 - - ' 4,135 

.. . "l9.323a .· .,1 do. Harold Doty Sept. ·.1953 . 240 ... 
. ·.· ... 20, .lO : 4,135 .;2 . 

-------- --·-- -·-- ---- ------ ----- - - -----·-~-
L________ __ 

t; .... 
()) 

~ 

-· .c.~::~~·::Bee·~::f.ocr..tnbtea:at:;:Efuif::.Df'·.·~~B.l:lla. 

v .; 
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Table 16 • ..;.-Records of Wells· and ··test. holes in and near the Boles ··well f'ield1 Otero County 1 

N. Mex. . !/ ~ _Continued. 

Well Water level Test Performance· · Chem- . _ 
no. Below land Date of Yield Draw Dura- ical 

Location_ .-y ... -sur.f:a.ce .datum measure- Date (gpm) down tion of Anal- Remarks . _ 
· . (feet) 1/ ·ment · . _ J..! (feet) ·test ysis · ~ · 

· 1/ (hours) §./ ·· · --- · 

17 .10.19.321a 30 55R 9/13/53 9/13/53 35R 175R 5 - Unuse-d; see -log; 
81.5 7/20/54 . 
78.2 1/24/55 . . . . - .. 

. . 19.323 --29 76 8/13/53 - - - - - Uncased. test hol-e; 
see log~: ·: 

19.323a -31 82R 9/24/53 9/29/53 67R 133R 1 - · Unused;. see iog. 
74 ·9 2/17/55 . . . . 

-!/ , See table ~ 7 for data -.on well -construction. 

§/ See cross index ·of well numbers, p. 11. 

... 

"JI · From Corps ·of Engineers ma_p -of Real Estate, Holloman AFB; map no~ .69·,. date~: 16·.Ma.r~ 1951·, ·>· ·. ·. 

~ Well drilled by Air Installat:lals personnel ·where .. u. s. Air Force_ ··_sho~ .as driller. 

· 2/ Depth ·to which ·measured; otherwisE( de-pth ·-to -which cased; or if .uncased depth to ·which· test:. ·: . 
hole drilled; see table 17 for additional data. ·· 

§./ E - estimated from topographic map; others determined ·by instrumental leveling and given to 
0.1 foot except where .exact weil·location or land surface datum uncertain; then given to 
·nearest ·f-oot. · ·. · · 

1/ R - reported. 

~ -Chemical analysis given in table 20. ; ~ . . 

-~ • 
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Table-:-L7.~Construc~ion data for production and test wells in Boles·· well fleld, .otero County, 

N. Mex. 

'"Well ·Date Depth!/ Casing and screens Remarks 
no •. -.completed· {feet) Depth of setting Length Description 

{feet) (feet) .. 

1 May . :).947 . 162 'i4o 140 8~inch, steel; Well abandoned. 
zgpe perforated 
not known. 

2 Aug. 1947- 250 240 240 10-inch, steel; Production well. 
~.one perf ora ted· 
not known. ·. 

5 .May 1948 205 205 '205 do. Production well. 

9 Oct. 1948 250 - - ·- 2.44 feet of ·10-inch steel 
.casing pulled and hole 
filled • 

10 Nov. 1948 260 260 260 lO-inch, ·_steel; Production well .. 
zone.-per~ated 

I not .known. 

12 Feb .. 1950 . 215 - - - 213 feet of 8-inch steel 
--casing, ·perf ora ted from .... 
1;4 to 213 feet, pulled 
and hole filled. 

13 Mar. 1950 .270 .. 65 65 10-ihch, st~el, Well filled and abandoned. 
blank. 

251 
.. 

18.6 .. 10-inch-,·ste(!l, 
.. perforated :.With 

-k x 14" slots. 
-- ----- --- --- ---- --

·See ·footnotes·· at end of ta~le. 
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··Table 17 • .;;.;.(!onstruction data for production and test wells in Boles well fieldl .... Otero .... c·ounty, 
N-. Mex. - Continued. 

Well ·l)a.te Depth y · Casing· and ·screens Remarks 
no. cOmpleted (feet.) Depth :of setting Length Description 

{feet) ·(feet) : 

.. 

14 May 1950 295 . ,78 78 10-inch, s.teel, Production well. 
. . 

blank • .. 
253 175 10-inch, steel, .. 

slotted •. 

;86 .· .87 87 
. •, 

15 July 195-Q lO~inch,~steel,. ·Production well. 
blank. 

'270 183 -· ·lo~:inch,. ·steel._;, -· .. 

- per~orated·with 
·slots k"- wide . 

1~· May 1952 291 50 : 50 10-inch, ste~l, . · Production well. 
blank • 

217 . '167 lO.;.;inch,. ·steel, 
.. slotted. · . 

'17 ·Aug. -1952 265 4o 4o 12-inch, ·steel, Producti-on well. 
blank surface 
pipe. 

243 243 10-inch, ·steel; · 
zone perforated 

-not known . -

25 - . .. June 1953 .. 250 . ·.~·_-:,;:.210 -·210 12-inch, steel, Unused. 
blank. 

243' 
. . 

33 12-inch, steel, 
slotted. 

See footnotes at end of·. table • 

1':' • 

~ 



• 

~ . 0\ 
t\) 

Well 
no. 

26 

- . 

28 

... 

••• • 
Table 17.--Construction data for production and test wells in Boles well field;. Otero County, 

· N. ·Mex. - Continued·. 

Date Depth !I ··Casing. and- .-screens . :.:Remarks 
completed (feet) Depth ·of setting Length De scription· 

. (feet} : (feet) . 

July 1953 250 50 50 20-inch surface pipe Production well; 10-inch 
cemented with 150 sacks steel casing centered in 
of cement. 19-inch ·_hole below 50 feet; 

120 120 10-inch, ·steel, blank. well is. gravel-walled;· .. 
130 .. 10 10-inch, steel, slotted. cleanout lines of 2~-inch 
170· -.40 10-inch, steel, blank .• pipe in·gravel wall extend 
180. 10 10-inch, steel, slotted. to 240 feet, and 18o feet, 
210. 30 10-inch, steel, blank. on opposite sides of the 

.. 250 40 10-inch, steel, slotted. well . 

Aug. 1953 260 50 50 20-inch, steel surface Unused; 10-inch steel cas-
pipe cemented with 144 ing centered in 19-inch 
sacks of cement. hole below 50 feet; well 

.120 .- ·120 ·lO.~inch, · steel, ·blank. is gravel-walled;- ciean-
130 10· 19-inch, steel, slotted. ·out lines of 2~-inch pipe 

. 160 .30 10-inch,-steel, blank. in gravel wall extend to 
.. -.170 10. 10-inch, steel, slotted. 250 feet · o·n east side -and 

190 ~·· .. "20- 10-inch,_ steel,·blank . 168 feet on west side of 
200. -· 10 10-inch, steel,· s~otted .• wen. 
230 30 10-inch, ··steel, ·.blank • .. 
260 30 10-inch, steel, slotted. 

See· -footnotes at ·end or· table • 

~ 

I # 

.t 



~-
' , 

•• • • 
Table 17.--construction data for produc~ion and test wells in Boles well fieid, Otero County, 

N •. Mex~ :- .Continue.d. · 

Weill Date I Depth!/ Casing and screens I Remarks 
no. completed {feet) . Depth of setting Length Description 

{feet) (feet) I .. 

30 I Sept. 19531 260 50 · 50 120-inchT --steel- surface Unused; 10-inch steel cas-
pipe cemented with 125 . ing centered in 19-inch 
sacks of cement. hole below 50 feet; ·well 

.. 90 90 10-inch, steel, blank. · is gravel-walled; cleari-. 
110 20 10-inch, steel, ·slotted. q~t lines of 2t-inch pipe 

'130 20 10-inch,· steel, blank. in gravel-wall extend,to 
150 .. ·20 10-inch, .-.steel, slotted; 250 feet on west ·side and 

. 240 90. 10-inch, steel, .blank. 148 feet on eas.t .. side of' 
I I I 

-260 '20 10--inch; steel, slotted. wel-l. 
31 Sept. 1953 24f~- 50 50 20-inch, steel surface. Unused; 10-inch .steel 

1-' • - pipe cemented with 150 casing centered in 19-inch 
0\ sacks of .cement. - · hole below 50 .feet .. ; ,:well. \.)I 

- '99. 90 10-inch,- steel, blank. is grayel..;.walle·d; clean-· 
.110 20 10-inch, steel, slcitted~ out line of-·2t~inch --pipe 

"'13o . 20 '10-inch,,- ·steel, blank. in gravel wall.:extend' to 
'1-50 20 ~O..;.inchi steel, slotted. 150 feet on.east·side.and 
220 '70 10-inch, .steel, 'blank .. 230 feet 'on···west .. side _:of/ 
240 . 20 .10-inch,.· steel,· slotted .. well. •. 

-~ 

32 I Oct. 19531. 232 I 91 I 91 ~6-inch, steel, blank. Production well. 
175 84 6-inch, · st·eel, per,f.o.~ . ... 

rated with 62 feet of 
··- ·-slots· ·"B.t-undetermtned 

zones. 

See f'ootnote.s . at .end. of ,table • 
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. "Table 11.--construc-tion data :for production an~ test liells in Boles well field·:,. Otero· County, 

t-' 
0\ 
~ 

Well 
no. 

33 

.34· 

.·'35 ·. 

Date 
comp~eted 

1951 

:Apr.-.1955 

May .. 1955 

-

· N •. ·Mex •. - Continued. · 

Depth-!/ · --· ··-.Casin-1 ~·--a.nd--scr-eens . ·· Remarks 
(feet) ~pth of setting Length Descriptio~ 

· {feet) (feet) 

231 71 71 8-in.ch, steel, blank. Produ.ction well. 
231·. 160 8-inch, s~eel 1 slotted. 

-285 23 23 lO":"inch, steel, ·blank~ Intend~d for-production. 
255 232· 10-ip.ch,- . steel,: __ .slotted. 

·280 ··60 60 _10-inch; steel, blank. . ·. Inten~d for production. 
236" 170 10-inch,; steeli .slotte9.. · 

.·. ,.Y .... Depth--to which well·was ... drilled .. 

~· 
\ • 
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Table·l8.-~Records ·of private and.municipal wells and springs in vicinity of Holloman Air Force 
-Base:,··Otero --County_, .N .• -Mex-•. . Y · 

Meinzer's Date De~th I D.~~~et: . .. Altitude of 
Location . no. Owrier Driller com- 0 . 0 land-surface 

-no. y pleted well weu···· ··-(feet} 
·· {feet-) {inches} · -~-. 

16.9.3.422 -. Wade Maupin ·.Perry 1950 200 12 4404 E 

5.120 - Harvey Land. flld Cattle - - .;.. 12 4255 E 
Co~· 

,_. ----~ 8 . 222 . 'l ·- Charles 'Nichol-s ··- -. 12 4265 ? E 

.8.4;2- -- State of-New·.Mexico Western Wate.r- 1931 525.' - .4260 E 
· Works.Co. 

.13.322 - E. A. Steinhoff - - - - 4372 E 

-23.242 - J. I. Collins J. I. Collins 1953 189 12 ·· · .·-·4.325 E 

. · "25 .220 ·non L •·. arid .John :L • 
.. . 1944: ·.190 .. ·~a -- -

._:.-stevens 

·. 25.242 .. - .Alamogordo :·:Swilnlning -- . - - - ----4327 E 
·-_.P.ool 

. 26.200 .· 1630 · . -- .. 
,·~Old. l,oo4 .· 1.2,-8 .• --.... 

26.341 - R. J •. Turner - - 84 8 . : ':·~ _:~~260 -· E 
. 

32.343 - State of New Mexico - Old. - 6' :·_: .. : · . .':f4150 E 
-- ---- --- -------

. See footno.tes.at end of table. 
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Table ·18·.--Rec·ord.a ··of' private ~nd munici.pal wells and- spri:ngs in vicinity of' HoUom8n Air Force 

Base 1 otero County, · N. Mex. !/ - Continued • 

.. .. . Meinze-r •.s -Water level Me.thod Use of 1 : 
... 

..... 

·L-ocation , .. no. Be1ow: 1and Date- ot of water 
... ·no··. y surface datum measure- lift 21 I Remarks 

(feet) !:/ ment 21 
16 ·9.-3.4221 - I 122.3 I 4/?IJ/55 IT, E I Irr. I Repor~ed.yield' 300 ... &mu. . .see chemical 

analyei~. 
I 

5.120 - - - T, G Irr, S 

8.222 - 55.4 4:/7/52. N :t(one I Intended for -·i.r.~'i.gation. 
57.2 2/21/55 

819·4321 - I 43.R ·· 1931 I N I None· I .St~te Engineer's "Alamogordo'" test well·; 
see log. 

1?-3221 I. 90.9 · 4/14/52 IT, E3ol·. Irr •. I Se~ chemical an~lyses. -
95-3 . 2/21/55 

. 23.2421 - I ~ 67~~3 : -2/21/54 I .N I 'NOrte .. 'i We11 ar:rn:etl tO 210 fee't~ -casing: ]:2-
69~1 2/ 9/56 inch to 189 feet,· p~rforat~~ fr~ 35 .to 

189 ·feet; reported .,yield: ... --347 gpm; well 
intended for irrigation; .see log. 

25.2201 - I '13 R - I - IT, - - Rep9rted yield: 4oo gpm;· see chemical 
.analysis. 

:25.242 - - - - - See chemical analysis. 

•• 

26.200 1630 35 Sept.. 19_ll N None • Deep test well drilled by S~uthern PacificJ 
.see. log;· se·e . chemical analysis . 

4/14/52 .J.';[',: ElOI.rrr, s. 
I 

'26.3411 - I ~6.3 
27.2 '2/21/55 

32 .. 3431 - I - - See·che~ical ~nalysis; temperature: 66°F. 

See ·footnotes at end of·table. 
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Table--=18.--R~cord.s··-of private.and munic-ipal wells ~nd springs in vicinity of Holloman·Air Foree 

Base 1 -:otero ·Coun:ty, N. Mex. y - .Continued • 

-- . Meinzer's ·Date Depth Diameter- :Altitude of 
Location no. Owner Driller com- of of land surface 

. no. gj pleted well we11· (feet) 

-·-
(feet) (inches) . _"L/ 

,;l.fi.l0·.-5 .-1-?; - V •. E. Clark - 1954 240 8 -_ 4575 E 

5.343 
.. 

Dr. Baumgartner 1953 . 270 : 8 454:5 E - -
. ··6.231 - Joe.Bickle J. l· Collins; . 195lJ 321 .. 8 . 4530 E 

J~s-·McNatt 

7~233 - ·otero County . -- - ~ - 4405 _E 

.. ·7·-~420. James McNatt ' . James McNatt "1952 238 '12, 10 4375 E · -
8.344 - Claude Holguin - - - - - 442o :E 

: 
.·. 

17.343 - Tice Elkins - 1950 200- - 4390 E 
.. · .. -... ::18-~2)1 - ... To:wn of Alwirogdr·do ·- - ... - - . . . ;~4-360 :_E 

·. 18.241 ·- ·.New Mexi·co .. School For - - - - 4365.E 
Visually Handicapped ,. 

29.243 - ... 
~ --To'Wil :of Alamo·gordo - ... 1913 ---,oo · .~o,---8 · _·'-4438 E 

.. _ .. 30~-422 - H. J. -Falkenberry . -- - . 270 8 · _> 4365 E ,. 

30.432 - Earl Haggard ... - -· -· - 1952 240 6 4328 E 

See footnotes ·at end of table~ 
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Table:~18.-~Records of -private and municiPal wells ,~d springs in vicinity ··of Holloman Ai:r·_·Force 

Base,.~Otero Co~~~' N. M~x. ·_y - dontinued. 

· · ·Meinzer •.s · Water level· · · Me-thod. I Use of 
LocatiOn · no.. · · ···Be-lew .. land Da.te--.of of lwater 

no. y surface . 4a tum measure- ·lift 2/ 
· {feet). !J ment L/ 

16.10.5.133 179 R .1954 N None 

.. ·5:.-~3 - - - ·n 

6.231 - 200.4 7/12/54 .. N · ·I None 

7 .. 233 - - - ~,.E :· D1 ·S 

. 7.4201 .. - I ·73 R I - T, - · Irr. 

8.344 1 - I - I - C, W1 E s, Irr. 

.l7.-343 -. . ·- I - -- .. :'Irr·• 
. 

. ··18~231 . - - I - T_,.E ·.Irr. 

... 

18.241 - - - T, .. - .Irr. 

-
29.243 - 135 R - T1 E PS 

.. ·Remarlts 

Reporteq yield: 10 gpm; see chemical 
analy.sis;_ .-inte_nded for domestic ·and. st·o·ck 
use. 

See .chemical. analysis. · 

See chemical analysis. 

Reported yield: · ·4oo gpm. 

See ch~mical analysis. 

R~p:orted Yield: ·::.~~ao gpm; ... see:::.Cheini·cal 
analysis • 

At· reservoir· in city· park; .. see -Chemical 
analysis • 

Reported yield: 500 gpm;. see .. chemical 
analysis. 

"French well·;" reported yield: 155 gpm; 
·used only to ·supplement other supplies;_ 
.see .ehemical.-:-.anal:ysis. 

T, G 1 Irr~ 1 Yield: 50. gpm~.estimated May 191 1955; 
. ~.temperature·: .. · 66 °F-..;. --see-- chemical--analy-sis 

3().422 100 R.·. 

·3().432 D ·See ·_chemical .analysis. 

See f'ootnotes·at end of' table. 
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Table :--18..~-Records of'. private ·and ·municipal wells· and springs in ·vicinity of' 11olloma.n .Ai-r ·Force 

Base, ... Otero County, N. MeX-. y -~··c:ontinued. . . . 

Meinzer's Date Depth, Diameter Altitude. of' 
Location· no. Owner Driller com- .of of' land surface 

no. y pleted well well (feet..) 
· {fe_et) (inches) ~ 

16.10.31.220 - Town of Alamogordo (?) James McNatt 1946 235 10, 8 -
. 32.122 - (Formerly~LeBriton) - - 142 - -

"33.340 ·- . - · ··Layne-Texas -C.o . . 1945 648 . - · 4625 E 

33.440 - - . do. ·1945 "647-~ ... - ·4750 E 

--·17. T.-23.412 1702 · U. S. Government . -. Old. lb ·-60xl20 .3969 A 

17~8.6.220 ---S-29 C • A • MeN at t . -- . . Spring ··- .. -···· ,-4045 

13.231 - Holloman AFB Holloman Air· · ;1.949 110 "6 4o81 A 
·Installations 

.... :Office . . .-

13 •. 311 - . do. ··do. -1945 ..120. "5 ·4077 E 

See footnotes at end of.table. 
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Table lB.--Records of private and municipal wells and .springs in vicinity of Holloman Air Force 
Base, Otero County, N. Mex.· !/ - Continued. · 

Meinzer's Water level Method Use of 
Location 

·no. 
no. Below land Date of of water 
gj ,surface ·datum measure~ lift ·2/ 

(feet} 1!) ment .2J 
·Remarks 

16.10.31.220 

32.122 

3~.340 

33.440 

17•7•23.4121 1702 

.-17 .8-.6 .2201 S-29 

13.231 -

T3.311· -

100 R 

210 .. B 

"5-.;0 
·a.6 
--7.1 

9-1 
·8.7 
8 .• 7 

See footnotes-at·end·of table. 

N 

June.l945 N 

N 

Nov.- ·;19111 C:p··w 
. 4/13!"54 
4/ ·1/55 

. 9/16/54 I N 
4/ 1/55~--

. 2/10/56 
-- ·1- -··-w 

None I Test. well for _Town of Alamogordo; re­

.. Irr. 

None 

po~ted yield: -40·gpm; reported quality: 
. "No good" • _, 

·See· ·ch~m.ical :_a-nalysis. 

-Test well no. 2, drilled for Town. of Alamo-­
gordo; drawdewn·reported to -400 feet -while 
pumping-100 gpm; see driller•s.J.og and 
chemical analyses. 

None I Test well no. l; drilled for Town of Alamo­
-gordo; ... r~ported ·yi~d: 4o :gpm-;. : .. well r.e ~ 
portedly ·could be bailed dry; see log. 

·S. 

None 

· ··wone·· 

Dug well .at .aband·oned Walters Ranch .-on 
White Sands·-=-National-.. Monument; see chemical 
.:analyses • 

. '.'Salt ~pring;" see chemical analysis • 

Drilled for-grounding electrical system at 
Bur. of Reel. substation on-base; see chem­
ical analysis. 

. ·unuse·a·; :..·:ar.IlTed- ·to" 160 feetT· ·casing·:: '5-!­
inch to 120 feet, perforated from 103 to 116 

·feet; formerly supplied swimming pool; see 
log and ·chemical analysis. 

" I , 

~ 
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Table 18~ _.;.Records of private and munici~l wells and spr~ngs in .-vicinity of I:J;ollOlllB.l:l .. Air Force 
-Base, Otero County, N. l4ex ~ !/ - .Co~tinued. · · · ·- · · 

• 

Meinzer's ·nate Depth .Diameter Altitude of 
Loc~tion no. Owner priller com- . of of .. land surface 

no. y pleted --Well -·well (feet} 
(feet} -(inches} 11 

17.8.28.,12 S-:30 C. A. McNatt - - Spring - 4050 E 
17.9.1.~2 - McNatt - -1944 145 a, 1 4269- E --

., 

1.141 - Fambeau James McNatt 1954 -- - 4251 A 
.. 

1.,11 . 170' - - _ ·.Old ']/ .·._._ .. - -
.. . 1.440 +7o4 .Old . 104 - - - -

2.111 - A. -B • Gar~e.tt - -:o1a 1,2 a, 6 42o8·E 
-t-' 
-.J 2.331 - L .. H. Dyvad - - 140 5 -4193 ·A 

·-ro .. 

5.122 - Leon Green - - 58 6 -·:· · 4155 A -.. 

:8~244 · -:ao. 
. . 

•7 .. . - -· -···- - ·~ - -
8.422 - do~ '·- - - ·8 41,3 A 

12.422 - H. J.- .Pruiett James McNatt -- 1:9-53 --200 ~2 .. -· .. -- ·-·.: _·4?91 A . 

~ 

."•: 

~ee -~ootn~tes at end of table. 

~ ~ 
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'Table 18.--Records·of private .and municipal wells and springs in ~icinity of Holloman Air Force 
· ~se 1 . Otero ·.county, . N. Mex. !/ - Co~tinued. · · · · 

'Meinzer •·s 
Location I . no. 

no. y 

17.8~28.3121 S-30 

.·17 •9 .• 1.112 I ~ 

1~141· -
1.3lll1703 

.. 1.44o 1704 

·2.111· -

2.331· ~ 

5.122 I -
8.244 I -
8~422 -

12.422 -

Water level Me.thod 
-Below land . 

-surface datum 
(feet) ·JY 

·130. R 

f 57.5 §./ 
50 

98 
24 R. 

42.0 
.. 43.0 
44.1 

. 34.8 '§./ 

. Date of of 
measure- lift 
ment 21· 

·N 

4/ 2/54 I J,. E 

Sept.:l9ll· -
do. I . -

- I -
I 

9/22/541 . N 
4/ 6/55 
2/10/56 

4/15/541 c, ~ 

Use. of 
water 

21 I Remarks 

None I "Herd Spring;~·- water surface at land· sur­
f~ce but no lo~ger flows; see chemical 
·ana.lys:i.s. · 

D, Irr .. ,)ieported yield:.·· -'20~ gpm; see .chemical 
... analysis. 

D 

None 

See chemical-analysis. 

DUg-_well; see chemical at1Uysi~. 

Dug well; see-chemical ~nalysis • 

Reported yield: 450 gpffi; see ·chemical 
analysis. 

S I "..PUlard well; " well drilled ~n alP, dug 
w~il; ~ee chemical analysis. · · 

c, w I. s "!fuss ~ell;" see ch~cal ana~ysis .. 

24.2 
25-7. 
23 .. 3 

. 99 •l­
.101.3 

4/15/541 c, w 
-4/ 1/55 
-2/10/56 

4/. 6/~41T, El5 
2/10/56 

None I "Brown~ield well;" unused stook well. 

Irr. I_ We~ d~illed .. ~o 270 ··feet-; ·reported yie~d; 
300 gpm; see chemical analysis~ · 

See footnbtes at end of table. 

c.-· .. • 

.t 



l-' 
~ 
·~ 

•• • • • 
:··t. :Table.-~-1:8-.--~Rec.ords of··private·· and mmlclpa.l·;wei1s and ·.springs .. in vicinitY ot . .HollDn Air :·Force 

· ··'Baser -Otero County, N. Mex. y -.Continued. . · · 

Meinzer's Date Depth Diameter Altitude of 
Location no. Owner Driller cam- of of land surface 

·.no. gj pleted well . well (feet) 
{feet) (inches) · · -"Y 

17.9.12.422 - H. J. Pruiett James McNatt 1954 300 12 -
0 

12.433 - M., H. Magee ·:·: ·: do..:.·:.-·~~ - 16"3 · 8 -

14.422 - Oscar Kurike1· · · - - -- 7 -

14 . 422a - · · . : · · ·-:do:.: . .: ·. : . - - - - · ·· -- ~ 

. ·15-.240 . 1721 - --- ·.Old 6~ 7 -

.... :.19.1-42 ·- .. C • -A • .:McNatt · ... - .. · -- · 8 -. 
. · ..... 

23.310 1722 :. . - - . Old 85 - . -

.23. 310a .1723 :. . - - · · .Olcl 50 - · ·.-
. oL. '• j. 

25 ~111 - Dora Prather o·ooley - · .Old - . 7 .·.··.:~4120 ·E 

25.112 - ·do.· J. I. CG-lliM .1953 250 ·- .. :4120-.E . · ... 

25.1·32 - ·T. T.·Ma.nn do.· ---1953 250-- - . ·4110 E 

.25:300 .. 1726_··_. - .. - . Old 45 .... -

~ .. . . . 

---~~~-· -~See-·~foOtnotes . .at~nd .-Gf':-~1~ 

W· • 

.-.· 

~ 
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Table -18.--Records·qf private and municipal wells and springs in vicinity of Holloman Air Force 

· ·Base 1 . Otero County 1 -N. Mex •. !/ - Continued. 

-._. Mein-zer- 1-s · . . Water level ·Method Us~ ·of 
'Lo·cation 

no. 

17 ·9 .12 .1~42 

12·.433 

-1·4·.422·•··· 

14.422a 

· no. 
y 

15 .24ol 1721 

19.142 

23.310 

23 .• 310a 

25-Ul 

25.112 

;1722 

17~3 

25.132· -·· 

25.3001 '1726. 

Below land 
surface datum 

(:feet) 

100.0 

71 R 

31 

. ~ 30 

30 

-
49.0 

. '37 

-~ 

See footnotes at end Of table. 

Date of of 
measure·- lift 
·ment 21· 

5/1~/551J, NE 

cl w 
N 

Sept.l9ll· -

water 
21 I Remarks 

None I Intended for _i.rriga;tion use • 

D, Irr. I See chemical analysis. 

D, S 

None 

.See chemical analysis. . •, 

Drilled for-irrigation use; reported 
yield: ... .l60 gpm; ·insufficient· for 
intended purpose; casing pulled. 

Dug and cased;,formerly used for irri­
gation; reported yield: 125 gpm; see 
chemical analysis. 

N . ." 1--None :."Martin Lewis well;" filled. 

See chemical analysis • . 1911 

·do. 

. - lc w 
8/17/54 

1

N 

N 

•'1911 

s 
None. 

None~ 

See chemical analysis. 

See .chemical analyses. 

Town of Alamogordo test well no. 1; see 
log and c~emical analyses. 

Town qf.:Alamogordo test well no._ 2; ~ee 

log.·and c~emical analyse.s .. 
. -

DUg well; see chemica.! analysis • 

i\ 

. .t 
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. . Ta~±S:;:!f!SBacot ds·-;o£;iprt-w.te ... anct.mun:l.ci.pal·. wells and .. spr~gs in· ViQiiUty of.:·lfo11:0Jl¥ln.:·-Atr Force 

·· Base, ... :otero.-County, .-N._.Mex .. · .y .-'continued. : ··· · · · 

~-­
-l 
'0\ 

Meinzer's 
Location. .- _- no. ·- · .···-- --:ewner - .. 

-
-no. - ~.-2/ 

~7 ·9 •. 35 .242 - Dora .. -Prather ... Cooley 

. ··35 .331 -- .. Dora· _Prather·:~eool:-ey 

.. ···35(532 ~ -=- ·_·do. 

. _!_35~.444 - -:··-do_. 
,; 

See footnotes at .end of table. 

w 

......... ·Date 
.. -- -.:- ··])rlller. . . .. --- c;:om--

. ............. -- -pleted 

rp.yne and 1954 
Ballard 

- -
· -~--James McNatt ·1945 

:··payne -and --1954 
'·Ballard 

-----

Depth Diameter Al:titude of 
of of la:Q.d surface 

. well -- vell .(fee.t} 
(feet} (inches} . -ZI 

298. 14 _. 4o85 A 

7_5 7 · . 4o61:A 
. '• 

100 '1 ·- 4o62 E .. 

·297 _-_14 - . 4077 -A -_-
,. 

. I I 

• 

:"~ 

..t 

• 
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Table )..~.--Records of private and lm:Ulicipal .well·s and springs -in vicinity of Holloman Air Force 

' · · Base,·_ Otero County, N. _ Mex •.. y · - Continued. . . . 
Meinzer'·s water level. Method. 

Location I no. Below land Date o~ . of 
no. .Y surface datum measure- lift 

(feet) .~_/ ment 21 

17,9 .35_;2421. - I. 43.0 4/ 1/54 I T, E150 
42.9 5/11/54 
44.4 4/ 6/55 
45.0 1/ 6/56 

I I 

.. 
I I· I I· . 

~ 

I . 
I 

·.-·. ' I.!. 
t ' 

' 

35 ~-331] ; . ·-
c 

. ':. ·' 4o~.2 . -4/ .. 8/541- .c, G 
·.: '41.1 · ~I 6/55_ ... 

35·3321 - 41~1 . 4/_::S/54 c, ·w 
35.444 - . '45·.8 :8/26/54 N 

j 

"-
I 1.. 

I . . ., 

See footnotes at end·of·tab1e. 

Use of 

-~yl · Rema;rks 

PS I Town of Alamogordo production well no. 
.1; .c·asing: 14-inch to 298· feet, .. per­
.forated froin 118 to 298 feet;· gravel­
walled by·pou~ing 19 cubic yards ·of 
gravel 'into. annulus between well face 
and casing; ··drawdoWQ. re_ported -when 
drilled: 70 feet while .pumping 972.gpm; 
.drawdown reported Dec. 7, 1954: '68 feet 
while pun1ping 760 gpm, after pumping' '76 
hours; temperature : 66 °F • ; see. log and 
chem_ical analyses. 

--s 

. D, S I See ·chemical analysis. 

. ·None Town of Alamogordo production .well no. 
2, unequipped; ·ca:sing: .. _14-i-nch· to· 297 
feet, perforated from 117·to·297 feet, 
with_torch-cut slots t ~o 3/8~inch wide 
by 11 to 14· -inches long; .14-inch casing 
centered ·in. 24-.inch hole .and· gravel- · 

-· 

walled by pouring 30 cubic' yards ·of"·grav­
el into annulus; drawdown reported on 

· Nov. 2T, 1954: 50 feet while pumping 
·440 gpm, after pumping 4· hours~ ·see·log 
and chemical analysis. 

. . :· ~ 

.t 
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. Tab1e-·-1.8-.-~-Records···Of .private an~.:municlpal wells ·and ··springs in vicinity of .Holloman· Air Force 

Base,· Otero County 1 N ... Mex. !/ - Continued. 

·Meinzer's . Date Depth Diameter Altitude of 
Location no. ·· .. Owner Driller com- of .of land surface 

y --
pleted well {feet)· no. well 

(feet.) ·(inches) . ."Jf 

.1.9. 36.120 ·-.. - ·· -State ··of ·New ·1f.exi·co Western 'Water- '1930 402 - -
works Co • 

. 36 •. 222 - do.· - - -- 6 -
. - .. 

J-1 .10.6 ~1~2 -- -~·walter Ray ·James:McNatt .·1953 302. '16 -
.. 6~132 - .. do.· - . - . .· 210 ·a 43l~ .. A . ~ .. . . 

b.311 . . ·L. :.0.~--- .. Najera - ·- 140 -: ' :a . .. - ' ,. 

.. ·29 ·314 .. - Don .Taylor . :Don· Taylor 1947 -·222 .a .'·-4219.-.((· · .. -. 
.. 8 ·. · . 4127 A . 30-130 ·do •. .. 

213 - - -
33.234 - - - - Sp;ring ,_ -

18 -:7· .-1.-321 - ............ .. ·11,..-_:S. Government . - ·.··~·1936 12 -- -

See footnotes at end of table. 

.; 

•• 

I , 

• 
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Tab1e·.i8.--Records ·of private and municipal wells and -springs in viciriity of Holloman Air·Force 
· · · Base, Otero County, · N. Mex. !J - Continued. ·. 

.. Meinzer's ... ". Water level · Methoq Use ·of . . . 

·t no. Below land Date of of water ··L-ocation 
no •. 

17.9-36.120 

36.222 

.17 .10.6 .122 

6.'132 

. 6.311 

'•29.314 

30.l30 

33.234 

---1.8 .7 .• 1 ~ 321 

gf surface datum measure- lift 2/ I Remarks 
{feet) ~ ment 2/. ·-

50 R 

64.2 
64.7 

t69 ·R 

'121.9 
124-.8 

: ·',·1ft4.5 . 
175~;4 

. 72."8 
73~6 

Flows 

1930 I N I None I Dril;J.ed by _State Engineer during grovnd-
water investigation;· see log .. 

· _8/17 /54 . N . None No casing; ·appears ·to be old: shothole. 
i/ 6/56- . :_., 

- T, E · · Irr.. Reported yield: 790 ,gpm·; temperature : 
70°F.; see chemical .analyses. 

4/17/52 
''2/21/55 

--4/29/54 
4/·6/55 

. 4/ 6/55 
1/ '6/56 

T1 · G I Irr, S I Reported .yield:· 500 -gpm; see .. chemical 
analysis • 

C, G I Irr. 

T, .. E151 Irr.1 .. S 

c,- ·None 

Estimated yield: 20 gpm; temperature: 
.66 °F .. ; see ... chemical .. .analysis.. · . . 

Casing: ·8-inch· ·to 222 feet, perforated 
·from ·165 ··to 222 .feet; --reported .. pum_ping 
level: -185 feet, while ·pumping 300 gpm; 
see chemical ·analysis. · o 

- .I N· D1 S Water piped ·from· San Andres Canyon to 
Don·Taylor ranch house; water.issues 
f'rom:--Lewer-·~'1-eo~i-c-ro-cks·;·-:-see:-~.chemi­

cal ~nalysis. 

..... . ·.N :· .t-·"None_ Dug· w¢ll· 1n· · Whl te. Sands· at White Sands . 
National. Monument; quality ·of 'Water 
very poor • 

. See footnotes at end ·of table. 

..t 
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Table. lB.--Records of ·private. and.·municipa.l wells and -spr-ings·: in· vicinity ·of Holloman A!~·· Force 

Base, Otero County, N •. Mex.. !/ -.Continued. · 
.. 

· Meinzer's Date Depth Diameter .Altitude o f 
Location no. Owner Driller com- of of .. land surfac 

.no. . <-Y pleted well well {feet) . .. .. 
{feet) (inches) .Y . . 

18.?.14.233 - U. S. Government - Old 29 49x49 . 3911 A 

-14~.330 1802 ·do. - ·old. - - .. 

25'~342 - - ·- ·old 46 72x72 .3982 A 

18.8~5·.·342 · .u .•. ~s-.. ·Government 1916 - ··.'· -·- -- .-
. --··.5-.431 - ·.:·do. G.~ E·.e. · Moffett 1916. .989 ""• .. 10 ·4020 E 

.. 

··12: d.l--3 . 
.. .. G.· -B ,;:~'Oliver . 4o.:-- .·76x42 . ': -4035 A. ~ ·- -.. 

17.412. - .... do. . - - Spring - .4020 E .. 

18.9.-1.442 
: . 6 .. 

·--~ Gene Towers - Old. - -

. .t ... 

See• footnotes at end of table. 

• 
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Table '18.·--Records:·.of private and munici~l l_rells -and springs in vicinity of Holloman Air Force 
Base, Otero County, N •. Mex. · y - Continued. 

Location 
no. 

·.18 ~ 7.14.-233 

. :·_14.336 

. . ·. 25 .• 34? 

18 .a. 5· ~·34~ 

. 5 .43;1 

, . 

: .. 12.11·3 

17.4~2 
~ .. . . ' .. 

18 .'9 .1 • 442 

:Meinzer 's · Water level Method Use of 
no. 

5I 

- I 

1802. 
... 

-

- ·I 

Below .land .. Date of of water 
surface datum,measure­

{feet)·· JY ment 
lift ~ 
21 

:·28.1 
27.8 
·8 

28~5 

-

Flows 

.. .. 24-~o · 
'31.4 

Flows 

... 

4/ 2/54 
4/ 1/55 

c, ·w 

Sept_. 1911 

4/ 1/55. c, ~ 

-

3/30/54 ·N 

· Ji./·'8/54 I c., w .. 
. 4/ .1/5'5 

4/ -8/~4 I N 

- I N 

None 

None 

WL 

·S 

s ·. 

_No~~ 

See footnotes at end of t~ble. 

Remarks. 

Dug· well. _in Wh1 te ··Sands :~t vacant motel 
at. White Sand~· ~ational.Monum~nt~ 

:See chemical analysis. ' 

nRob~rt~·· ·.we.ll;" unused .dug weii.- at: vacant 
ranch house ·on White Sands ·p:rovi~g-: Ground. 

Oil ·test at White Sands National Monument; 
'.'a- few hundred feet" from Garton .well but · 
no cavernous limestone encountered. 

"Garton well;" an oil t~st, abandoned 
oWing to· flowing water encounte·red from 
-889 to 892 feet; reported flow:.· 40 to 50 
gpm; see log·and chemical analysis; water 
is warm. · · · 

·"Harrington well; " dug well • 

"Harrington· Spring;·~.- water ri.ses. in por­
ous conduit and discharges from·top of 
·gypsite hill; estimated yield: -... t5 ·gpm; . 

. · te_mpera.ture .:.· 'BioF·.; see chemica~ ·e.nalysis. 

Filled stock. and ··domestic well. 

:: 

I , 

...t· 
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·Table·-18.--Records of ·private ·and ·,municipal wells and springs !~ .. vicinity ·of Holloman Air Force 

Base, -Otero County) N .• Mex. y - Continued. 

Meinzer's 
Location I· ·no. 

no. y 

18.9.10.443 ., •. 1805 

_ ... 12.333 -. -
.. : 1.3•331 

·-1'3.4.:31- '·1809 

.. 14.233 
: 

.. :18!1.0 

20.440 -
·23.442'. i -
25.222 ~812 

> .26.311·_. ~ .... :·1813 

. :34.212 
-

18•-10 .• 6~-2·34. 

I Owner 

. Jack ·Prather · 

Bud Prather 

Jack.Prather 

do. 

Buster Prather 

-~.Ja·ck·::Prathe~ ·: 

:·Bll1-.~Moss 

Driller 

. -. 

·· _::Mr.s·• :]3 •. D •. Douglas' :1 · .Jame_s·.:~McNatt .. 

.:See ·footriotes .. ·:at· end . .-:of .. table. 

v 
I 

nate I Depth I com~· of = 

pleted well 
{feet·) 

. ; ·-Qld· 

. .:· .-:{)1~ 1- -~100 
. ...... -

.1.953 I · ·,177 : 

Dfamet·er 
of .. 

well 
(inche's} 

-
.. ·. 6 

~~0 

Altitude· of · · 
land surface· 

(feet) 
~-

; , . 4o30 E 

r. 4050 ~ 

·. __ 4035, E 

:·:_·, .. 4045 E:. 

. ·4030 E 

. ·:: ~:;~ ~o.30 ~~ . ; 

.·, 

·· ... ::.~ .· 4027 .E .. :.·' ::· · . 

·,_ .. ·· .. 4035 :E· 

·:_ -~._<:4o13 E 

· ·.-. .--:-4010- E 

--:'_.':.~-:· .. =:4132 E 

• t ··t: ... l 

j 

.. . ... t 

w 

,/ 
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Table 18··--Records of _private-and· municipal-wells and springs in vicinity·::of.· ~Ho11oman.Ai-r F-orce 
Base·, ·otero .County 1 ·N •. Mex. !/ ·- Continued. 

Me.:Lnzer 1 S. Wa-ter- .level . Method Use of 
Location · I .no. 

no·. y 

18 ~9 .. lq .443 · .. 1895 

1~:~:333 -
·13.331 -
13~431 1809 

';14.2331 1810 
i 

· r. . ~o . 4!ro I· 
·: ·r . . • -

• ': •. '~=·: ... 23.-442 . -
- ... 25·.222 .1812 

26.311 1813 

. . 34.2121 . -
18.'1'0 .• 6 .234 .. -

Below- land. Date. of of 
surface datum measure- lift 

(feet) .. JY. ment .21 

34 

·Dry 

--41 
·. 45.5 

45.7 

38. 
36-~4 
"36~7 

·Dry 

24 

30 
25.3 

28.7-
· .... 99.8 
·_10Q.l 

Sept. _1911IC, G 

c, w 

4/ ~8/54 I. N 

-. ·Sept& 19111 N 
4/· 8/59- .· 
4/6/55_ 

· ·· Sept • 19111 N __ 
. :-4/ 7/54 
4/ 6/55 

4/ Y/54 ·w. 
- ,C.,,·.W. 

-- · Sept . 1911 - · 

Sept. 1911IC, W 
4/ 7/54 

do-. lc, _ w 
·41 6/54 ... N 

.. . 1f/ 6/55 ... 

See .. fo·otnotes. at end ·of ·table. 

water 

21 I .Remarks 

s pug and· dr":i.l1ed' vell; see chem.1ca:J-.. 
~naiysis. · . 

n,: ·S --I Old we+i,. 5P feet ·deep,; at .same· loca­
t}on, went.dry. 

None ·r Dug well. 

None 

None 

····.None 

. . -B 

··~ 

s 

·. s 

Unused dome-stic: and. stock well··a.t~:v:a-
, .. cant ranch house·; ·.see .:.chemical .. ~nalysis. 

Yield reported in· 1911: · 140' ·gpm.-'-
I L. .. · .... 

.Bee ·_-chemical analysis • .... 

See ·.chemi_cal analysis. 

Dug ~to 50.· feet; -·drilled to 199.-:}'eet; see 
····chemical· analysis. . ...... _,:._ .. _.,. ___ . : .. . 

,.:·; : . ....... · ..... . 
f •••• ••• •• ·:1 
··: , ... 1 • 

None·:~ I :-fnteltded for .irrigation. use-:; ~eii'~·aril~ed 
to. 195 feet; casing: lO~inch to 180 feet, 
perfo'rated fr-om .land_ .surface to 180 feet; 

·-reported yield: .37. gpril; .. see tog. 

·,t 
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Table 1.8.---Re.cords ·of --privat.~ and_J~unicipal -wells and ~prtngs-..ia--'-Vi-einity· .. :of Holloman Air --Force 
Bas~,. · Oter.o -C.ounty, N .• ·Mex .- . y ~-Continued. _ _ -- · 

·. ' ... :.Meinze-r 's Date Depth Diameter . Altitude --of 
Location no. Owner Drille_r com- of. of land surface 

no. y 0 pleted well· ·well (f.eet) 
- -(feet) (inches) 

• Y.~. ~ 
. --

.. 

18.10.6.241 - Mrs. B. D. Douglas James McNatt - :,..54 60, 6_ 4160 E 

15.113 - - - ·-
-. Sp~ing - -

"17 .232 -- - - Old .104 7 4135 E 

17.313 .·- - -- - Old 95 _-:_. 8 4075-E 

_· .. 18.224 .. : i96·~ 
.. 

14" 
._ 

'4095-·E - Homer· -Barnwell; Jr .. ·.James McNatt ·-
21.312 - - -

\-

.. Old . :200+. ·, 10 ... 4~5 E 

.· -28.141 - ·.Tom Fairchild ·- Old· - -· . ··. ·:4095 ·E. · 

30.242 
.. -- Old . 4055 E - . . - .. - - -! 

-.31.221 -.Ray Prather - .. . ---Old .. . · --405"3-~·E -- . . ... ···-- . -- -
-- .. 

. ·. 33.·4~ - ·.Dick -Gatlin - 1946 . - . 6 --4095-E 
.-· 

-35-.313 .· -~ Sam Falrchild .. ,. -. - - -8 -- -~-4235 E 

·) ..t 
:) 

See footnote·a at· ~nd of table~ 

(_ 

.., g 



\ 

:. • .~: 

...... 
OJ 
\J1 

Table.l8.--Records-of private.and·municipal wel~s and springs in-vicinity of Holloman. Air Force 
. Base, . .Otero County, ·N ~ .'Mex. !/ - Continued .. · · 

-L-ocation .. 
. no. 

18.10.6.241 

'15 .113 

~7.232 

, .. ·17.313 
18.224 

·:21./~12 

'28.141 

30.242 
31.221 
33.4-34 
35-313 

Mein~er's Water level Method -Use: of 
no. Below land Date of of water 
~ surface datum measure- lift 2/ 

-(f'eet) !:/ ment 2/ 
.Remarks 

I 

119.5 

Flows 

Dry 

Dry'. 

74.2 
74.2 

-· . 72~2 .. 

61.6 
89 .• 2. 

4/ 6/54 

-4/'-8/54 
·do •. 

do. 
·4/ 6/55· 

•:'3/25/5'5 

3/~5/55 
:do .• 

T1 E5 

N 

c~ ·.w 
:.N 

·N 

C; W 

C/:il 
c.,. w.· 
c,. w 

D1 S 
Irr. 

None 

·None 

None 

None 

Dug and drilled well; . reported yield.: 
80 ~; .~;;ee chemical analysis. 

"Dog Canyon spring;" water issues from 
·Lower ·Paleozoic. lime ~tone; temperature : 
66°F.; see :chemical -a~alys.is·. .. 

' ' 
Intended for irrigation,.domestic 1 -and 
stock use. · 

. None··· I DUg .arid·-dr.Uled well· vith.lO~inch·-.:.:ca·s­
ing ·.to land ~ surfac~ • 

D, -s · I Two wells at ranch house· .. p~p. ·into com­
mon storage tank; see chemicaloanalyses. 

__ ·S· 

s 
··S .. 

·see chemical analysis. 
. .. .. . . 

See_ cherni cal,.~sis .. - '-···· 

. .. 
. ··;,:-· 

C,. .W : I ___ .:-:.S · .. 1.Bee . .chemical~ysis .• 

..}' 

See footnotes at end of table. 
.. ~ . 
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· T.able·-··18:.--Re-cords.·.ar··.pri.?ate an~ .. mun1~1:pal .weU·s .·and. springs in vicinity of· Holiomarr·Air Force 
··· . .-Base; ··Ote-ro County,. N •. .Mex ~ . y - Continued. 

Meinzer's Date ·- Depth ·niameter Altitude of 
Location no. Owner ·Driller com- of of land surface 

no. gj pleted well well {feet) 
.. ( f.eet.) (inche-s) )} 

: 

19·-9 .1.111 . .. - Ray Prather ·- : Old - - , 4024 E 

. ·:34.·331 - - - . . - - . . •7 . · .. ·. ·4o20 E . 

9!'10.4 .. 124 ~ .... Langford· Ranch ·- .. -.Old -. . - .. ~--.·.4680 E · 

10~j31 . - do. - - - ' ·6 ·- 4160 'E 
.. 

. 17."231 - ... do. . _._. 1946· 24o ''8 --·4115 E 

. 17.233 - ·.do. : - - ~5.0 I ·- -
28.444 - · . do. - New· - 6 4230 E · . ... .. 
32.113 - --do .• -- - ... --Old· ·-. ... a. 4140 E·. 

See footnotes at end .. of table.· 
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_·Tab1e.·18.-~Records .of··private and--municipal wells ·and springe in vicinity-of Holloman.·Air-Force 

Base7 _9tero County,_ N.-Mex.. y - Contiriued. · . 

. .. .Meinzer !.s I , -. · ..... ,: . ..wa.ter~--.level · · 
.... _, .. ., .. Loca-tion~ . f. --no. . -Below: .. -land · ·.IJ)ate· -'·Of,· -I -Method I Use of 

no. .-'# 

··19 .9 .1.111 -
34.331 --

"19.10.4.1"24 -
10.331 -• I 

17~231 --
t-' 
(X) 
~ 

17.233 -

surface datumlmeasure­
( feet)_ .!!/ ment 

·42.5 3/25/55 

. ·177 .5 .3/30/55 

- -
166.5 ·3/25/55 

.-·--- .·220 R -
.. 

- -

of 
lift 
2/_. 

_·-c, -w 
c, ·w 
C, .W 

C1 ·W 

C, ·W 

-

water 

21 

s 
None 

--s 
s 

D7 S 

-

----·.·· .. ·-~Remarks 

I "-t. 'v&caiJ.t .ranch -headquarters • 

1--see · chemi~~-_.~nalyses. 

·Well on north ·side of :ranch ·-house; -.see 
chemical analysis. 

One-of 2 old wells on south side of.ranch 
-house; see .. chemical analysi.s • 

. ··-28.4441 -- -· I .. - I - I N ·-·1. :·N-one· 1·-Tntended- f'or :st·ock use.; casing sealed with 
welded ·steel ·plate- ... 

"32-·1131 - I ' . . :1.811. .-7 ··... I ,/30/551· c J. w I -·s I 

·.-See footnotes .-at··end .of·-table. 
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··"Tab1:e:""1.8·:';;.'~R'ecords ·-of private .and .municipal veils and springs-in vicinity .of ·Holloman Air-Force 
Base, :Otero County,: N.. Mex. . !/ -. Continued. 

:Footnotes 

~-- EXcluding wells and test _holes in BQles well field area. 

gj · .. From .. Water-Supply Paper ;4; .. 

,,. 

"JI ·A, determined ·.b:Y ·aner.oid<a.ltimeter.. E, -estimated from···tQPO~hi~. ~P··- All·:·.otheX'.s' ·by 
instrumental 1eveling. 

·!!:/ . R, creported. 

2/ · Abbreviations: 

C _._ Cylinder -pump 

D - Domestic 

..E .-. Electri.c .. motor;. number· . 
· ·denotes:_ hors.~~wer 

G '";"·Gasoline· ·or· butane 

:; .;.Irr.. ~ ... Irrigation 

.. · ... ~-J <·.~ 'Jet ·-pump 

.N -·None 

PS - Public s~pply 

. .. ·.· ·T ... Turbine -pump 

: ·.- .S · ~: St.ock 

... ·. W · ~ Windniill 

. · ····WL. -~ Wildl·ife·.-refuge 

·::-

'·' r t;,. ~ ·• ! '(.~.· . 

·§/ ·-:Measured .while ::well being ·a,r:illedl··:.on ·day when drill·tng·· r~g-· sbut.· .. ao-wn~ .. ··. ;·,:_·::. 

1/ Dug to depth just below water level • 

. _ :: .'§) .. -:.Mea~ured .. a.f'ter-·-.well .. had··.b.e~~ ~umped very.:·-slowly. 

~ ... .' ..... J ••• • 

~-

:"",· -.. 

.-t . 
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.Table 19.--Analyses -.of water .from test ·holes drilled·.in 1954 in .vicinity of Boles ·-well fierd, 

Otero County, N. Mex. 

·.Locati-on 

·:Analyses ·by u. ·-S. Geological Survey. (Chemical :constituents .in parts per million;.) 

Test 
well 
no. 

·-·Owner 
Sampling 

-zone 
{feet) 

Date of I Si1-
·collection .ica 

·tsio ) . ·--- 2 

Cal- Magne- Sodium and 
cium· -sium . .J>ota.Ssium 
( c~) .. (Mg} _ . .-{Na+K) 

17.9.13.244 T-22 Dept. of Interior 

do. 

95-120 Dec. 24, 1954 14 117 61 

63 

827 

253 
124 

94 

-95 
2·,020 

~ 
·o 

w 

· 13; 244 T-22 

-23:333 T-3 
· . 23 _;.- 333 T-3 

23.431 T-1 

23_.·431 T-1 

24.142 T-8 

Dept~- :_of Interior 

do. 

A. Stafford and _.W • B. 
Blakemore 

168-310 do .• 

-38-46 .Oct. 19, 1954 

107-2o8 .Oc:t;. 18,. 1954 

45~51 Oct. -91 1954 
147-300 · · ·do. 

66-80 Nov. 29,· 1954 

.. 24 ~_142· T-.8 do.· _·.- "<f-43_-312 --.do. 

-24. 222 T-9 . ·p_earl ·Harrington :et a.L. 77 ~100 Dec • 3 J --1954 

24.222 T~9. do. .149-314 Dec •.. 2, 1954 
·-: -~.::·25 .·123 T.-21 - -.Leah .-Henry -:· 61-80 . Dec. ·· 9, .1954 

-25 .123 -~ T~21 
25 .·324 T-7 

do.· 

L. L. Pate,·et ux. 

. - ... 

149-'312 do. 

·59-80. f Nov. 2,· 1954 
·do-. 

'16 '131' 
.. 26 -887 

22 __ ~ ... ·-540 

20 . 278 

:15 179. 

i8 131 

.. ·20 

··17' 
.. -15 

18 
. -21' 

20 

19 

'•141··· 

-105. 

100 

'106 

105 

103 
81' -· .25 '!3241 T-7 

···- 25.324 T-7 
do. 

do. 

.169-517 

300 Jan~- 'iB, 1955 ·1 -.·.--.. ~ 

}: 
'j; 

69 

59 

·.6-3 . 

. ·38 
.-4o 

.··46. 

'47 

45; 

39 

362 

. 257 
.- -126 

90 

_,.~-'---·86 

-48 
.~·6o 

-60 
·--66 

84. 

68 

I l 
-~ 

t 

: 
~ ~ 
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Tabl~·-19 .--Analyses of water fr9Jit test. holes drilled in 1954 in vicinity- of Boles well ·fieldj 

Otero County, N. Me~. - Continued. 

• •• 
Analyses by U. S. Geological. Survey. (Chemical constituents in parts per million.) · 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as caeo
3 Per- Sodium- Specific 

Location bonate fate ride ride trate solved cent adsorption- conductance pH 
(Hco

3
) (so4) (Cl) (F) (N0

3
) solids Non- Total sodium ratio (micromhos 

carbonate (% Na) (SAR) .-at 25°C) 

17-9-13.244 !:/144 507 ~68 0.3 5.6 938 425 543 27 1.8 1,~30 -
13.244 176 487 . 96 0.3 5.2 980 442 586 26 "1.7 1,180 -
23.333 373 3,290 4,44o 0.6 26 11,700 5,310 5,610 44··· 12 15,800 --

-
23.333 244 2,100 545 0.3 24 3,910 2,190 2,390 . 25 3.2 4,720 -
23.431 350 1,190 161 0.3 11 . 2,210 916 1,200 32 3.2 . 2,590 -
23.431 155 686 110 0.6 7-9 1,270 . 603 730 27 2.0 I i,700 -

889 ' -24.142 222 ; 374 112 . 0.2 . 4.0 354 . 536 27 1.7 ! -1,320 -
24.142 192 446 120 0.2 7.6 978 . 454· 611 23 . 1.5 . 1,410 ··-
24.222 .· 242 248 45 0 .. 3 1.8 622 220 418 20 1.0 . ·.908 -

~ .. 

24.222 198 290 54 0.2 .4_.·5 661 252 414 24 1.3 975 -
· . 

25.123 238 301 _·5o 0.4 4.2 703 258 . 454 22 1.2 . 1:,020 -
. 25.123 . 185 336 65 0.3 4.7 736 . 304· 456 "24 1.3. 1,-070 I • -.. 

25.324 226 273 107 0.2 . 5.0 . ·748 257. 442 29 . ·1.7 '; .. . 1,260. 7·5 
25.324 179 281 48 0.6 2.5 627 216 362 29 1.6 946 .7 .8 

' .. : 
25.324 --31 

.. ... . 852 . - - - - - - . - - - -

See .footnotes at end of table. 

.+ 
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Table 19.--Analyses of water from test holes drilled in 1954 in vicinity of Bole~ well field1 

Location 

17.9.25.444 

...,. 
\0 ·ro 

w 

25.444 

26.431 

26 .. 431 

,_· 36._4i4 

. :;6 .414 

Otero County, N. Mex. - Continued.. · 
. . -

Analyses by U. S .• Geologic~ Survey. {Chemical constituents in parts per million.) 
- . ~ 

Te.st Sampling Date of 
well Owner zone collection 

no. {feet) 

T-11 Virginia Leonard 64-80 Nov. 231 1954 

T-11 do. 251-307 Nov. 221 1954 

rr-4 Dept. of Interior ·-.-44-60 Oct. 24_, 1954 

T-4 . do. 100-209 Oct~· 23, 1954 ... .. 

T-20 State of New Mexico ·59-75 Dec. 15,. 1954 

T~20 do •. .189.;.312 do. 
-- -- --- ------------

. ~-
?. 

Sil- Cal-
ica cium 

(Si02) (Ca) 

23 122 

19 48 

20 218 

20 .. 
1~1 

. ' 

23 103' 
26 . 69 

~. . 

Magne-
sium 
(Mg) 

52 

23 
90 . 

83 

45 

37 

Sodium and 
potassium 

{Na+K) 

-
-

117 · .. 

118 

52 

63 

~ 
~ 

. :·"~ ., ·- ,, 

-~ 
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Table 19.--Analyses of water tram test holes drilled in 1954 in vicinity of Boles well field, 

Otero County, N. Mex. - Continued. 

--~ .: 
Analyses by U. S. Geological Survey. (Chemical constituents in parts per million.) 

~ 
~ 

Bicar·- Sul- Chlo-
Locatio'n bonate fate ride 

(Hco
3

) (so4) (Cl) 

17.9.25.444 262 298 -
25.444 E/184 203 -
26.431 225 756 135 

26.431 194 703 125 

36.414 252 270 45 

36.414 183 240 41 
--~- -------

!f . Includes 1 ppm·. co3 • ' 

Ef Includes 8 ppm co
3

• 

Fluo- Ni- ;Dis-
·ride trate solved 

(F) (No
3

) solids 

0.2 2.4 -
0.9 o.8 -
0.2 5-9 1,450 

0.4 6.8 1,34o 

0.4 3.5 666 

o.6 1.4 586 
--- --

Hardness as caeo
3 

Per- Sodium- Specific 
cent adsorption- conductance pH 

Non- Total sodium ratio (micromhos 
carbonate ('f, Na} (SAR) at 25°C) 

304 518 - - - -
64 214 - - ·- -

730 914 22. 
.. 

1.7 1,910 -. 
.659 818 24 1.8 1,790 7.6 

236 442 20 1.1 .984 -
174 .. 324 30 1.5 868 -· 
---~-- -

I· 

~ 
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·Table ~0.--Analyses of water :rroin wel1s ·and test wells. in Boles- well·.·.field; .. Otero County, 

N. Mex. 

•• 
Analyses by. U. ~ S.. Geologi.cal· Survey. · (Chemical- constituents in par.ts per mill±on.} 

....... 
"\0 
~ 

,Location 

17.9.24.3.42 

24.;4; .. 

25.212 

We~l 
no. 

~ 

. 33 

.. 

34 
35 

Depth 
. .!and owner . ·of 

.(Lesso~_) .well 
{feet} 

· .W. L. McCommon 231 
.. 

do! 255" 
L. c. Boles 2;6 

· ··See ·footnote.s at end of table • 

. ,._, 

Date of · 
collection 

Feb. 28, · 1952 
Jan. 5, 1954 

_Aug. 301 l954 
May 16, 1955 

:..Sept • _16, 1955 
Apr. 30, 1955 
May 25, 1955 

' Sil-
Cal-· Magne-. Sodium· and 

. , .ica .. cium sium :·pota·ssium '·· 
! (Si02) ... (ca). (Mg) (Na+K) 

··- I -107 43 27 

- ···107 ... 47 21 
·.· ... - --· - -

20 99 ·. 46 .. 33 
.. - ·- - - ! .. . . 
. 24 . 109. 63· 21 

. . 

19.··. 89" 47 .. 15 

w 

. .t 
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Ta~le'20.--Analyses of water from wells ·and test wells .in Boles well fi~l~s·Otero CoUnty, 
N ~--·Mex. - Continued. 

Analyses by U_. S. Geological· Survey. {Chemical constituents in· parts per· million.) 

Bicar- Sui:-· Chlo- Flue- Ni- Dis- Hardness :as CaCD
3 

Per-. Sodium- ·Specific .. 
.. 

Location bonate fate ·ride ride trate solved cent adsorption- conductance pH 
(Hco

3
) (so4) (Cl) (F) (NO ) solids Non- Total sodium ratio (micromhos · 

3 carbonate (SAR) at 25°C) 

17 ·9 .24.~342 218 250 . 45 - 2.0 581 266 444 12 - 938 7.8 

222 247 .46 - 1~7 579 . 278 46.0 .. 9. ~ :- - 9"30 -
·"224 . 252 42 - - . - - - - - 917- -
216 260 41 ·o.2 1.4 .607 259 436 14 0.7 

. l'' .4 

920. 7-3 
220 272 46 . - - - 260 44o - - "939 ·;··.5 .. 

24.343 "212 3o8 56 0.2. 3.0 . . 688. 358 531 8 .. o.4 1,020. 7.3 

. 25.212 217 213 "33 0-.2'. 1.4 525 238 416 : 7· '. ·.· 0.~3 ·:S10 .. 7 ;3· 

. See .. footnotes :at end -ot table. 

' , 
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·Table -20.--Anal.yses of-water from· -wel1s~and. :test .wells in .Boles well field, Otero County,. 

· N ... Mex. :.. ~continued. · 

. _.Analyses by U •. S-. Geoiog:tcal Survey. -_(Cbemic.B.l. ·c·onstit.uents in parts per·_.mllli·on.) · 

Well Depth .Sil.- .Cal-.- _ ..... Magne- . Sodium: and 
Lqcation no. .. Land ~owner of .Date .. of i·ca .cium - -sium ··pota-s-sium 

~-- . (Lessor.) -~ .. well ·.col:J,.ection (8102) {Ca) · (Mg) {Na+K) 
(feet) 

17 ·9 .25 .• 213 17 . ... L ..... c. Boles .··243 .. ··-Sept.,. 2, 1952 '·.104 45 
; 

20 

·-.Nov. ·22, · .1952 .. .._. : . _.····99. . --41 ·· .. 33 

-' .June 25-,<"1953 - 104 -:43 · .. 23 

.. May. 26; .1954 ·-- : '--100 4'2 ·. 29 

I : Aug_. 9 '· ··1954 - .. · 95 .- ~-38 .. 41 

~ 25.222 16 . - .. do. -217- May 12, 1952 - 95 -39 19 
0\ .. . ' 

I 

.. ,:-=May 19, ·:.1952 . . ·- -·94 _;._ .. J,.o .. ::_.;·:":;_14 
' . .. ·.· ....... 

; .. -:June 25:; 19.53 . -
. 98 ·4o ·_ 12 

-, 
.. -~Aug'"'. -9·, _' .1954 .··- -·9·4 .:::;2 ·. ···=35 : .. . ~ .. 

·- · -:.-Aug .. ·:16-; ~-1:955 _.86 -. . ::-4Q :_-~;1· .. ' - ' .. .. 
.t 

See footnotes at end ·of table. 
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Table .. -20 .. ~-AnalyL?es of W.a:ter· from wells apd test wells in- Bole-s well field, Otero County, 
. N •. -Mex. ·-- CQntinued. 

Analyses by U. S. Geological Survey. (Chemi~al constituents in ~rts per million • .) 

..... 
\0 
~ 

Bicar- Sul-1 Chlo- Flue-
Location bonate fate.rid~ ride 

(Iico
3

) (so4) 1 (Cl) (F) 

17~~.25.213 224 244 34 -
219 245 '36 ~ 

230 235 ~36 -
226 242 34 -
227· ·238 34 -

. 25.222 227 "201 31 -; 

224 . -200 --.26 -
..... 244 :· . •l98 '·31 -

227 205 30. -
223 212 30 -

--- ---Bee .. ··f'ootno.tes at----end- of --table. 

"Ni- ·nis-
trate solved 
(No

3
) solids 

1.9 559 

1.3 :. 563 

2.0 ·556 

1.1 559-

. 1.-2 : . 559 

0.9 498 

'.1.3 ·-485 

.-.2 • .0 491 
. 1 .. , 509 

1.5 510 

Hardness as CaC0.3 ···per- - Sodium- Specific 
cent adsorpticn~ conductance pH 

Non- Total sodium ratio (micromhos 
carbonate (.SAR) ~at .25°C) 

261 444 -9 .~ .. - ·876 -
236 416 15' - . ·:867 7.3 

.. 248 436 10 - ·H67- 7-5 

237 . 422 13 - 859 7·5 .. 
. 207. 393 ; 19 . _.0.9 ! .. "862 .. : 7".8 

"212 ·398 9 - : 798 -
. ·.:.216' . ·399 7 

.. -~ "''786 .. 
7-7 -.. I : 

. 226 . -.4o9 6 - . -795 7-5 . -
., 

. "'l80 366 17 ·0.8 '"199 --7 .a 
196 . 379 ~ 15 o.69. . . 805 · .. _:. 7.8 

~ 



• • 
Tab~e-:.20 •. -.~yses -of··water.:from·wells-and:test wells ··in Bo1es well fi~ld, Otero. County, 

. N .•. Mex.. - 'Continued. · 

• 
~Analyses ··by ·.u .:··.£ .• ·Geolo-gical :·Survey •... -(Chemi:cal-constituents in parts ·per ·uiillt-on.~) 

.. Well Depth·· .Sll- .. Cal- . .Magne-. . Sodi l.liiL .and 
Location no. Land owner of . · .. Date. of · .. ica : eium · sium·· · --potass-,lum 

r.·' 

t-' 
\0 
0> 

: 

17.10.18 .·424 

.18.424a 
.. ·18.432 

18.432a 

~ 

3 

-9 
.24- ... 

28 

(Lessor} well 
(feet) 

R. G. ··Walker ,'128. 

=do-. ·. .. 2-44 

··:·HarOld '-:Stri~er .... _.150 

250 

do. 260 

·~ ~. 

See footnotes at end of table. 

'-' 

collection 

;Mar~"'1948 

... Mar •. ~ 17, 'I949 

.. May' ·25 ~. ]953 
b,c/ 

June 21 195~ 

. Apr. 26, ;1.954 
__ :::.May .. ,'20j '"·1.954 

(8102) . (Ca) (Ms) _(Na+K). 

'103 46· -46 : 
~ 

-- .· 9-3 ... 38 . .··36 
. -- - -

.. 

- .. 94 48· 14 
. ' 

' ·. -' - - -
.. -.:._:39' -~92 . .. --41-·": -41 ... 

'. 

~ 

.t· 
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Table 20.--Anal.yses of water. ·rrom ·wells and -t;;est wells in Boles well field, Otero Co'imty, 

N. -Mex. - Continued·~ .-- .: -- .. ·- · · 

:Analyses by U .. S. -Geological ;Survey. (Chemi.cal constituents in parts per mil~ion •. .} 

Bi~- Sul- Chlo- -Fluo- Ni- ·Dis.--- Hardness-.-as- -cac.o
3 

·-Per·-- Sodium_- f:lpecifi c-· · ... 

Location bonate fate ride ride trate solved cent adsorption~ coriduc.tance . .pH 
(Hco

3
) (S04) (Cl) ··tF) (N0

3
) solids Non- Total sodium ratio {micromhos 

carbonate (SAR) ·at 25°0) 

17.-10.18.424 260 279 28 0.6 0.6 631 233 446 - - 958 -
18.424a 

·. 
. 228 211 41 .... 1.8 533 ~1 ·. 388 17_.. - 832 .·. -7-·8 

·18 .• 432 - -- 34 - -- - - ! - - -- - 7.8 

....... 
::\0 178 -434 

.. 
255 36· - - ·o.2 535 286 7 - 844 7.6 

\0 ,• .. .. 

18.43~a- 212 ' - 31 .. - - - .• - - -. - 841 --
: 

: .. 
226. . 240 ---30 3.~·6 ·1.0 599 _21"3. 398 18 - 889 - -: 

+ 

....... :.Bee:·footno.tes .. ~t.·..end:.D:f_;_.tab1e. 

. .... , 
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Table 20. --Analyses of water from wells and test wells in Boles well field, Ote.ro County, 

N. Mex. - Continued. 

Analyses by U. S. Ge·ological Survey. (Chemical constituents ·in parts per million.} 

· WelL. Depth Sil- Cal- Magne- Sodium and 
.Location· ··no. Land owner of Date of ica cium sium potassium 

~/ (Lessor} well collection (Si02) (ca) (Ms}. (Na+K) 
(feet) 

17 ~10.18.·434 . 20 Harold Striker 250 Apr • -10, 195 3 - -89 45 12 

18.442 19 do. 110 Feb. 27, 1953 b,c/ - - - -·.· .. 
160. M:ar •. 10, 1953 ·b,c/ - -' 

.. - -
I 19.0 Mar. 11, 1953 :i - 96' 43 3.9 

·18.442a .. 26 do. 250 Aug. 12, ··~195 3 - 92 38 20 

·· Aug. 111 ··1954 
i 

36 . - 93 22 
.. .•. 

May 16, 1955 20 . 85 ~ . 39 . 29 

. ·18.443 23 .· ·-do. 250 May 1B, 1953 - 95. 45 10 

See ·fo9tnotes at· end. ·of table. 
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Table 20. --Analyses -of water from wells and test wells in Boles- weli field,- Otero County, 
N •. _. Mex •. - Continued. · 

:Ana~yses by U. -s •. Geological-Survey.- ~.{Chemical constituents 1~ parts per million:.) 

· Bicar- Sul- Chlo Flue- Ni- Dis- Hardne~s as caeo
3 

Per- Sodium- ;·Specific 
Location bonate fate ride ride trate solved cent adsorption~ conductance pH 

(HC_o
3

-) .{804) (Cl) (F) (No
3

) solids ·Non- _. Total sodium ratio - {micromhos 
carbonate (SAR) at 25°C) 

.. 

17.10.18.4~ '197 224 27 - 0.2 494 246 407 6 - 788 1·9 
·. 

18.-442 - - . -42 - - - - -- - - -- -
- - 38 - - - - - - -.- -

_205. . . 210 27 - 0.1 ·482 '248 416 .2- . - 774 1-1 

·18.442a 228 26 . 486 198 386-· : 

7.4 197 - 1.0 10' - 791 

232 199 22 - 0.9 487 190 ,So 11 0.5 .. e 792 1.1 
228 .. .. -202"' .26: ... 0 .. 2 0 .. 6 ·5·14 --186 -~372 14. o.6- · · 783 7,3 

"i8.443 _;2i8" ... '216 29 0 .. 2 502 . ·244. .: 422 5 - " ·827" " 7.2 -
:t 

See footnotes at .e_nd of. table. 
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Table 20,--Analyses of water fram·wells and test wells in Boles well field, ot~ro County, 

ro 
0 
ro 

Location 
Well 

no. 
r:J 

17 .10.19 ..• llll -
. -- 1941I2 13 

N. Mex. - Continued. - · 

Analyses by u. S. Geological Survey. (Chemi~al constituents in ~rts per.million_.) 

Land -owner 
(Lessor) 

L. C .·-Boles 

do. 

Depth 
.of 
well 

(feet) 

251 

195 

-Date of 
collection 

Sept •. 1911 

Mar. 15, "1950 

.June ·-2, 1950 

July 61, .1950 

June 11 1951 

July 5, 1951 

July ""12, 1951 

July 20, 1951 

July 26, 1951 

Aug .. · 9, 1951 

Aug. 17, 1951 

Aug. 22, 1951 

Sil­
ica 

(S102) 

Cal­
cium 
(Ca) 

.. 186 

.:l.06 
_lo6 

98 
112-

110 

"100 

. -103 

.103 

104 

102. 

94' 

Magne­
sium 
(~) 

86 

45 

43 

40 

40 

46 

.43 
43 
42 

. -44 

44 

42 

Sodium·and 
pottassium 
- (Na+K) : 

111 

29 

""25 

27 

31 

34 

36 
"25 

:"'29 

. :-.25 .. 

20 

l 

\ 
~ i 

See· T9ot~otes at end Qf table. 
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Table-.20~~se.s--af'-.-.water :from· wells_ and test .wells -in Bole.s well field;_ Otero ·county, 
N.. Mex. - Continued·. - -· . 

Analyses by u.. s. Geological·--sm.vey. : (Chemical constituents in parts per ·niillion ."} 

Bi.car- . :Sul- Chlo- Fluo- Ni- Dis- Hardness .a.s .caeo
3 

_Per- · Sodium- .Specific 
Loc;ation --bonate fate ride ride trate .solved cent a_dsorptlon- ·conductance pH 

(Hco
3

) (so4) (Cl) (F) (No
3

) solids Non- Total sodium ratio (micromhos 
carbonate (SAR) at 25°C) 

17.10.19.lll . 260 . . 481 244 - - 1,363 - -·- - -- ... -
19 .. 112 :.-227 -·275 .28 - . 0 .6, 596 -264 ... --450 1~ - 913 7.6 

227 258 29 - 0.7 574 256 '442 11 - '888 7.8 

226 - -236 .. 26 --- .1.0 539 ---224 409 13 -- 847 7-5 
225 ' 272 30 - . 0.8 597' '260 444 13 - 913 7-7 

229 ' 292 33 - 0.6 629 276 : 464 14 - 925 . 7.8 

227· 263 ·31 - 0.8 586. . ·24o .. 426 ·15 I - ·sao 8.0 . .. 
-.-228 ·-249 29 -- 0 .• 6 562 : 247 . 434' 11 . - 874 a.·o 

.. -·232 :249 . "30 - .0.7 ·568 .24o -430 13 -· - . ~ : --876 ' .. a~o 

..224 ,, 256 31 - o·.a .. -571 257 --440 11 -- !------~ 7.-5 
' . ' 224 - 32 o.B 252 436 : 871·--. _: 7-9 - - . - -

237 2o8 28 - 0.7 510 213 . 407 10 - 809 . .___ 7.6 

See footnotes at end of table.· 
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Table -20.--Analyses of water f'ram-:wells and test-wells in Boles ~well .field, ·atero County, 

· N. ·Me~. - Continued. 

Analyses by u. ·S. Geological Survey. (Chemical -c·onst·ituents··in_parts per·.million~) 

r·. 

1\) 
0 
~ 

·Well Depth 
.Location n·o. . ·.Land owner ·of 

--~/ (Lessor) -well 
(feet) 

17-.10 .~-9- ~112 13 L. C. ·Boles 251 

.. 
i 

I .. 

: 

. 

.. 

·See· footnotes . at.· ·en.d·-~of- table. 

·v 

.Sil-
-Date of i·ca 

.,..colJ_-ecti·on · (Si02 ) 

.. Aug .. ~e9, 1951 -
- · Sept • 7,-- 1951 . - -

_ Sept • ~ 7, -.1951 -
.. _-·oct • 4, l951 -

· Oct • ·11, "1.951 . -
Dec.; 51 1951 . -

~ :~De·c. ···27, ::1951 ... ._ 

Feb •.. l5, .1952. -
... May 19' 1952 -

. June ·18 ,-- ~1952 -
Aug. -5, T952 -
·sept. 8, 1952 -
Oct. 20, 1952 -

-Nov .•. 17, -l952 ··-··--

Jan. 16, 1953 -- - --

.Cal- Magne- Sodium and 
··cium ·sium potassium 
(Ca) _ (Mg) (Na+K) 

; 

.104 44 24 

.. ·106_· .... . 44 .. -21 

102 ·43 . --22. 

102 42 25 

103 : .:42 28 

loB 46 11" 

109 . :48 . 4.:-a 

.lo6 . 42 ::28 

"101 . 45 . ,21 

100 43 -----23 
.. 

···loo '"40 · ··--·:·2o - · 
. ... ... 

134 56. 34 

94 45 ll .. 

98 ·41. 17 

. 94 43 .24 

~ 
' .,~ 

~-
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·Table 20-.--Analyses of water from wells and test wells in Boles well field, Otero County, 

N. Mex. - Continued. 

•• 
Analyses by U .-. ·s. Geological Survey. {Chemical constituents in parts p~r million.) 

Bicar- Sul- Chlo- Flue- Ni- Dis- Hardness as CaCO Per- Sodium- Specific 
·Location bonate fate ride ride trate solved 3 cent adsorpt~ conductance pH 

(ilco
3
) (so4) (Cl) (F) (No

3
) solids Non- Total sodium ratio {micromhos 

· carbonate (SAR) at 25°C) 

17.10.19.112 . 224 . 258 29 - 0.8 570 257 440 . 11. - 892 1 ~6 

227 ' 252 29 - 1.0 565 260 446 " . 9 ·:- - .. . . '.881 7-5 

224 ·. 241 32 - 0.9 551 -· ·248 .. 432 . 10·.. - - 1·9 

226 245 29 ... 0.5 554 242 427 : 11. - ·--875·· 7.·7 

.. 223 . 255• 29 - .. 0.4 . . 567 247 430 . ' '12_. - 890 7.6 

224 247 29 - 0.8 55~ 275 458 5 . - ; .864 7-7 
. i . . . 

.. ' .222 .. 245 . 30 - 0.8 - 547 ·-288 470. - 2 . - : :868 ""1.6 
229 256 30 - .o.8 · 576 250 · 437 12 - ; .899. 1.6 

.. .. . 228 ·244 29 . - 0.9 . 553 250 . 437 . 9 .. ~ 867, 7.8 

. . .· . . .. 230 238·. 28 -· 1. 3·. . 546 238 426 10 ·.- 863- 1. 5 
r ' 

"230 .221 ··:28 - ·0.1 .. 523 226 414. . 10 - : -"829 7.8 

. .. 226 303 97. - 1.8 737 380 565 12 - 1,140 . . 7·5 

'224 212 28 - 0.9 501 . 236 420 · ... 6 :- , ... 822 .·7.6 

. ~227 ~219 ·",26 ·0.-5 -·?14 227 ·-413. 8 - "811 7-5 

226 228 29 - 0. 8 5 30 -226 .. 412 . - 11 ·- . . .. . . '-825 . . ·y . 4 

See· ·f'ootnotes .-at ·end· of ·table. 
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Table 20.--Analyses ·of water from wells and test wells in Boles well field, Otero County, 

N .. Mex. - Continued. 

Analyses by U. S.:. Geological· Survey. {Chemical constituents in parts. per Jrlllion.) 

Well Depth Sil- Cal- Magne- Sodium an .d 
Location no. Land .owner of Date of ica cium sium potassium 

~ {Les·s·or) well collection {Si02) {ca) (Mg) {Na+K) 
· (fe·et) 

17.10.19.112 13 L. C.: Boles - Mar. 3, 1953 - 91 42 20 

Aug. 17, 1953 - 106 51'· 29 
.. 

19.112a '"25 . · · · do. 110 June 131 1953 b,·c/ - . ·- ·.· .. - . -
".1·30 . June 151 ~953 b,c/ - - - -

June .24, 1953 b,c/ 
: i 

243 - : - - -
... . . i 

·19.113 .·;2 do. 175· May 25, 1955 .19 . 87 37 27 ; 
. . 

19.121. 1 do. 14o Apr. 1 1 1947 . . . 'E.! 17 •. - - -
July 28, 1947 . . E./ 12. I - - -
Sept. 16, 1947 El 22 - - -

: 
· Nov. 14, 1947 ~ 21 :90 37 ; . .:29 

Dec. 22, 1947 - 94 ·40 : 
0 :: 18· i 

--- -- -- ---- -- -- ----- -~- -~ 

·-See footnotes at end. of table. 
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Table 2Q. ~-Analyses of wate~ from wells· and test wells in· Boles well field,· Otero County, 

·· - N·. ·Mex-;- -·:-eonttnue·d. 

~ . •• 
···Analyses .by. u ... s. Geological. Survey. .. (Chemical-constituents ±n·-parts per· in.ill:ion~J 

Bicar- Sul- Chlo- Flue- Ni- Dis- Hardness as caco3 ·per- Sodium-· . Specific 
Location· b·onate · fate ride ride trate solved -cent adsorption- eonductance pH 

(Hco
3

) (-804) (Cl) (F) (No
3

) ·solids -Non·- . ·Total sodium ··-ratio· ('m:tcromho-s 
carb·ona te· (SAR) at 25°C) 

17.l0.19~112 230 220 ·28 - 1.5 . 522 226 '414 ... 9 . - 848 7.7 
-

221 296 34 - .. o.6 626 . 293 --474 . 12 - 962 7.4 
. ·-

19.-112a 73 
: 

.7.7 - - - - - - - -- - -. 
- - '60 - - 500 - - - - - 7-7 .. 

--- -- -44 - - - - -- . - - - . -1--7 

19.113 228 189 30 0.2 1.5 505 182 369· : 14 .. o.6 ; 771' 7.3 
.-;_, 

19.121 .· - 181 - - - 480 - - -' - . ; - -
.. . - ... 

~ 
.:• . 

·' .222 .194 . - ·- '590 - -- - - .. -. -1 ., .. • 0 .\ 

.213 ·.·-206 ·- ··- ~.- - '620-. -- - - - - -: 

... 242. ·-192 27 . ·o.3 ·-.0.8 _.. __ 516 _·. ..:<118: ~ ::.316 .. . :: .-775' ... -7~'1 - -
'244 . '195 23 .0.5 ·0.6' '"491 . ·:'199 .- ~--399 -·- - -~ .. '779 .. -

- - -- - -- ------- ----~ -- -----

. . ...... :_·_Bee .::.f'ootno-tes .at ~;.end · . ..o:r .::~table .. 

..t 
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Table .. 20. --Analyses of water :from wells and ·test wells. in .. BOles well .field, Otero County, 
N. Mex. - Continued. 

• 
. Analyses by U. S. Geo_logical· Survey. (Chemical constituents in parts per ·million_.) 

· -Location 

[\) 
0 
()) 

L 7'~10:'1'9 ~J.21 

--

Well 
no. 

·-!!}· 

·1 

.. ·Land .Own.er 
·· · · · ( Le·s·sor) 

L. -_c .• -Boles 

.. 

l 

' . . 
. . 

. ; 

See footnotes at end of table. 

v 

Depth 
of 
-well 
(feet) 

-

.. 

-

Sil-
Date .of .ica 

· ~ollection (Si02) 

·n~. 29, 1947 -
.Jan. 5, ·1948 -
Jan. 12-,_ ·1948 -
Jan •. 271 ~1948 --
·Feb. · 9 ~ -1948 -
·Feb. 23, .1948 -
_Mar .. :-8, -~:1948 .. -
Mar . 22-, 1948 . -
Apr·.. 5, · 1948 

I .. -
May 3',- "194-8 -
_May .i8, --I948. -
June 1 1 1948 -
June 14, 1948 -

Cal- Magne- Sodium and 
cium sium potassium 
(ca) (Mg) (Na+K) 

.91 42 '13 

.'-9i'· 37 . 32 

80 .38 -34 

90 38 ·24 

92 :38 .. '25 

90 4i 13 

. 89 . 37 ... .--31 . , . 

94 35 28 
. . 94 38 

· .. 
-21 ·' 

93 . '39 . _· ·:22 . 

.. .94 .·. ---· ,'39 ··-.-· 21 .. .. 

94 40 .29 

91 40 27 

• 

{', 

~ 
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~ble 20.. --Analyses. of· :wate-r :froni wells and test wells in Boles -well field, Otero .:County,. ·· 

N •.. Mex. ·- Continued. 

i 

Analyses by .U. ··s. Geological Survey. .(Chemical ·constituents in ·parts p~r .million .. ) 

Bicar- Sul- Cblo- Fluo- Ni-- Dis- Hardness as_Ca~o3 Per- Sodium- Specific 
.Location bonate fate .ride· ride ·trate . salved cent ·adsorption'!" conductance pH 

. (HCo
3
) (so4.) (Cl) (F.) (N0

3
) . .solids . Non- Total sodium ratio (mi·c-romhos 

carbonate (SAR) at 25°C) 

.. 

17.-10.:'19.121 '24o 186 25 0-~3 .0.5 -476 '203 4oo - . - 776 -
243 211 21 - 0.5 512 . ."180 ',319 -. ~ - 79i -.. 
237 198 21 - . 0.8 .. 488 162 - ·356 ·- ·, - 786 -
241 194 23 -. 0~5. . ·-488 183. : ---:~80 - - '775 -

·241 200 24 ·o.4 498 188 386 
; 

781 ·- - . - -.. 

238 188 22 . - 0.1 .· ~72 198. . 393 - - 778·. -
243 202 22 - 0.6 . 501 175 . 374 - - .. 790: -

~ ~ .. 235 201 ·:26 . ·- .. o::-8 ·, ... 501 .. '186 ·.-37'8 ·- . -- . - 791 1-1 . .. . . 
·239 '198. ·-24 - . "0.7 . . 493 .. ··:·l94 .... 390 .... -· : - 791· 7:8 

. .. .. . . . . 
-238 '201. 25 

. .. · ·-·. ··o .• 7 . .- .. 498 ···.· '"198' '"'392 791. . . 
7.6 - -

238 198 ·28. - 1.2 . . -498 :200 ..... 395 - -.. 797 7~6 .. . .• 

236 . 212 33 1~7· 526 206 399 . '821. ·. ., 0 - - - -
. . ..... 237 216 32 - . 2.0 531 . 212· 406 - . . - . 829 1.1 

See footnotes at end of table. 
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Table ·.20. •-Anal.yses::of·-wa.ter from- .wells and .. test wells in Boles ·well field, otero -County 1 

N. Mex. --continued. 

• 
Analyses ·by U. S .. (}e-olo_gical Survey. (Chemical ·c·onstituerits .in parts pe~ million.) 

Well Depth Sil- Cal- Magne- Sodium and· 
.L·o.cation · ·.no. Land .. owner ·.of .Date of .iea . ··cium slum pot-a·s-si um · . 

~ ·(-Lessor) well · · c·ollection (8102) . ··· (Ca) (Mg) . (Na+K) 
(feet) 

.. 

-.. .1 7'.10 .. 19 ~121 1 L-. C-. ·Boles - June-28,· 1948 - .105: .. 42 29 

Aug •. 6, 1948 - .1·50~ 61 37 

--- . 
Sept. 15~ ·1948 - . '1·35 57 30 

i Sept. 211 ·1948 -. 98 .. -40 32 . I 

.. - . . ' ·sept.· ·3o·, ·1948 - - 1.63 "69 '31 
.. ' 

· Dec • 27, 1948 -.. 120. 51 32 : 
. . · . .• 

~-
0 

I 

260 · · Dec. ·6, l.948 . - .148 .. , .61 .. :.-:38 ···-~9~l2la . .10 . ·::·uo ... : -
Apr •. 5; --I949 . ···- '150 .. .64 42 

: . Ma-y ·20 , .. 1949 .. 125 -52 ·34 .. ·· . - ·--

: ··-June ~20, ·1949 
.. _ 

. .122 '50 . :.>32 
- --- --- -----

See footnotes at end of table. 
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Table· 20. -~.Anal.yses of water from wells and test .~ells .in Boles well field, .Otero Cotinty, 

N. Mex •.. -- Continued. 

i' 

·Analyses by U. · S ~ ·Geological. .Survey. (Chemical constituents ·in part·s .. per· :mil~ion·.) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as caeo, Per-· ··sodium- Specific 
·Location bonate f'ate ride ride· trate solved ·-cent adsorpt:IDn- ·c-onduc·tance pH 

(Hco
3

) (804) -(Cl) (F)·· (·No
3

) ·solids Non- ·Total sodiU(Il ratio (.micromhos 
carbonate (8AR) at 25°C) 

l7.10.l9.121 236 242 ·:35 - 2.6 572 241 434 - - 878 7-7 
. 220' . :.448 .. 39 0.6 ·3.9 . H48 445 :626 - . ·- - l,230 -

'2 .3 . 382 
; 

572 1-,090 ·7 ~7 232 . 375 -39 - "753 - .. ·-
. '·235 231 28 - '1.6 ·. 544 . ·212 . ---404 - . .. - . ... 845. 7~7 

.497 . 3."8 5o8 •·690 
. . . 

. .-1,280 .. T~·-8 ·-223· . 39 ···- ... 913 . .. -... .,· .. .,.._ .· · . 
; 

·230 322 38 - 1.7 . 678 320 509- - - .. 1,010_ -
.. 19 ... ~2la . 229 .· 437 42 .0.2 2.3 . -841 .. 43; . 920 .. ·- .··: •: ~ L •. --1-,21·0 '7 .6 

.. ··228 ~ 464 ',41 1,- .• ··-:·1.8 875 :450 ··638 .. ·.13.· . - ..... . l,.240_: '[..8 
. . -

. 229 : -~339 . · '41 ·- ·1.2 ."705 .. 338 . 526 . ·t2 -· ..1",050 7.8 
~ .... 

233 .. · 32.3 37· ··- "1."3 ·. 680 319 ·. -510 .12 ....... .. ·:1,.010 -

See footnotes at end of table. 
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Table ·20.--:-Analyses of water -from vella and .test veils in Boles well field, Otero c-ounty; 

N. Mex. - Continued. 

• 
Analyses ·by -U •. S. Geological Survey. (Chemical c·onstituents --in·-part·s·· pe-r niillion· .• ) 

.... "' 

1\) 
...... 
1\) 

·Well 
Loca~;f:on no. 

!I 

r .. 1o. ~9-·l.21a -~10 

.. 

.. 

.. 

Depth 
Land-owner .. of 

{Lessor) well 
(feet) 

·. L.__,C •.. ·Boles 260 
; 

.. 
.-

.. 

... . . . . . . ~ 

. . See .. footnotes at.-end of table.· 

v 

Sil-
· Date ·of ica 
collection . (8102) 

.. JUly 1, 1949 ... ·· . 

·July 15,- 1949 -
Jtily .. 27 ,. '1949 . --

.:.Aug.. · 5, · .1.949 . --
Aug. 29, 1949 . -· 

.-.Sept •.. -12_, ·-1949 - . 

·Oct • 5, .... 1949 · .. ._ . 

-- .. -oct .. · 13, .. '1949 -
. _:-oct· ... 24,. l949 ·-
· .· Dec • :._6-,. · ·1949 .. '21 

Dec. 14,-1949 -
Jan. 19, 1950 21' 

-:'Feb,. :·T}, -:T950 -- ... .. -.... 

Cal~ Ma·gne- :So-dium -and 
· ·- cium ···sium ·potassium 

(ca) (Mg) (Na*K) 

'123 ··52 . -~1 

'1~4 ·50 34 

122 .:50 .-· .-·::27 . 

. - ·. 96 .. _·'42 .. ··--·~ :26 

91 42 28 

118 . 50 30; 

'117 .··-so :·.;o : 
I 

i ~ .... ~123 . 52 _. ... --·.32 

. 96 . :· 43 .. . 27 I 

' 
.. _.125 .-.... ·52 .. :.-36 
'·121 50 ..... 32 

130 51 . 28 • 

... .. ····122 .. -·:50 ·._ .. .:·:~34 

~ 

~ 
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·Table "2.0 .• --Anal.yses of .wa~e~ .. from wells .and test· wells iil. Boles well. field, ·Otero County, 
· N·. · .. Mex. -- Continued • 

. An&lys~s. by U. ·-s ... Geologi~ Survey,. .(Chemi-cal constituents in part·s per lllillion.·) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as caeo
3 

Per- ··sodium- Specific . -
. Location ·bonate . f'ate ride rlde .. . trate. ·.sol.ved -cent adsorption- conductance pH 

(Hc.o
3

) {so4.) .(Cl) (F) (N03) solids Non- Total sodium ·ratio (micromhos 
c~bonate (SAR) at 25°C) 

l7~10.J.:9:12la - '228 324 44 - 1.3 688 '334 521 .11 - ~,030 . ?-.8 

. 224 '330- ·-44 - 1.0. .. 693 .. . ·-.- .. 332. -515 ~13~ .. - .. ~,030 -
.. 

. -·· 

''226 :·312- 41 -·· . - 1)5 ·665 .. .-.·325. '-510 ·.10 - . 1,020 -
--

224 230 '31 - 0.9 ~- 535 '226 ·-410 12. - .. 857. 7.6 

232 ·228''.:_ ·.33 ... ·-o.:5 · - -·'543 . 224" . --414 '13 ·-·.- :855 '7-.4 -
228 309 39 - 1.2· -660 313 500 . 11 - . 1,010 7.4 

222 314 38 - "0.6 ,·659 316 498. .. l2 - .. - 987. 
.. · .. _,B 

7-~ 
.. 

·228 ····323 :.·47 .· -·:1 .• 2: ··. ·:6-90 334 521 12 1,040' 7-4 . •. . - -
. 230". 232' :'32 - . .. 1.]. .:544 . ·228 .<4J.6 .. 12 - '845 7.5 .. 

. ·:222 . :354 ... ... ·38 .. 1·3 - 737 . ·.344 -5~6 13 ·-· . :.--.-.1·;.060 ·.-
."226 .. 325' ··;·38 - 1~'1 .:.-6(8 . ·-·-322 ···508 -. :--12 ·- .. 1'010 7.7 

. . ·' 
~ 

-227 337 40 - '0.8 720 348 534 10 .. 1,050. -
228 328 39 - 1.4 686 323 510 13 - 1,040. 7.£ 

·see footnotes at end-of table. 
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.Table 20 • .;.-Analyses ·of _water from wells arid test veils in Boles wel.l. field, ·Otero County, 
- · N .~. Mex. -- Continued. 

--· 
~yses .by U. S. Geological Survey. (Chemical··c·onstituents in parts_ per-million.) 

Well Depth Sil- Cal- Magne- -Sodium .and· 
:Locati-on no. · Land· -uvn.er ·of Date_ ·of ·ica ··cium ·sium - ··potassium 

~ (Lessor} ··well collection 
(feet) 

(Si02) (Ca) (Mg). -(Na+K) 

-~ _.J.: 7-10 .19-12la 10 L. C. -Boles -260 Mar •. 22, ,"1950 - '125 "49 30 

1\) 
t-' 
~ 

v 

.. 

.. 

.• 
'• ,J ...... 

'• 

. . 

... 

., ·-

.. 
~ 

' 

.. ... 

._:-se·e~ ·roctntites =-at· ... :en:a- ot·:table. 

Apr. 7, 1950 -
.... .May .2, .1950 -

. May 19;. "1950 -
June 1, 1950 -
June 26, 1950 . -
'JUlY 13; "'1950 .. . - ~ 

.. Aug. 8, "1950 · 24 

· Aug~ ·25, 1950 · . ···'-~20 

Oct •. 23, .. 1950 -
. - --Nov. ·13, 1950 · -

Nov. 22, 1950 -
Dec .. 5, 1950 -

.. ·--nee~ .. 7 ;- -T950 ··-
.. - . Ma.r-. -8, 1951 . -

_---120. 50 .32 
- 121 50 . 33 

.. .'.l18 . -50 . 29 
. "122 51 33 

.. 118 50 21 
.. ·~ .----Il2 . '·--46 . ;:;:3.9 i 

.. T40 57 .- . 34 
.·.: 138 :·55 -.:35:. ·. 

. :·111- .· ·:"48 . 28 I ' .. 

t38. :·58 . ... ---~-32 - . 

132 56 32 : 

--.140 .. 60 34 .. 
• • I 

·---:r38 --~ -·59 .. ·34 

. 138 .------56 :··--34 

1 

v 
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Table 20.-.•Anal..yses of· water from wells and test-.wells.:in. Boles well field, .Otero County, 

: N. Mex· •. - Continued. . · 

.. Analyses· ·by· U. S. Geological Survey~ (Che~ical ·con.stituents .in. p~rts per ..milli-on.) 

Bicar- Sul- Chlo- F1uo- ·- Ni- . Dis- Hardness .. as caeo
3 

Per- .Sodium- I Spe~ific 
. Location bona:te ·rate .:ride· ride. trate ·solved cent adsorPtion-' conductance pH 

(HCo
3

) (804) (Cl) (F) (No
3

) ·solids Non- Total sodium . ratio {micromhos 
carbonate (SAR) at 25°C) 

.17~10 .19 .l2la .· ·224 . 322 42 - . ~1 .. 1 679 .· . 330 514 ·u - 1,010 7.4 

228. 311 44 ·- 1·.o 670 318' 505 12. - ljOlO . 7.3 . •, 

229 . 310 .48. - .l.oO 676 320 508 12 - 1,030 ··-
229: 297 46 . - ··o.9 · .654 .. 312. . .. 500 '11 - 997 7'~8 

.. 

227. c· . 314. 0 51: . - .0.9 '684 328 ° 514 12 - .1,030 7-7 
... 

224 ° 274 55 - 0.9 629 316 500· 9 - 11030 7.8 

227 : 283 43 - 11.0 646 278 464 16 - . 940 . 7.8 
: 0 0 

. 224' 358 72 .·- ·1.·5 ·796 400 ·. 584 .11 - 1;160 ° -
:·: . ::.-:\ ·~: :_·! .... : ·. : • 0 

224 . . 361 6l . .. - 1!'7 . ·782 '387 ... 570 12 - 1,130 7.8 
... ................ 

225<- ;.:·281 ·.41 .l:~.3 · .. 621 290 . ·474 .11 '0 .· 962 . 7.8 ···~ . -
225 0 

-.372 . '56 °. 

.. _ 
1.4 . "768 '398' ''583 . 11 - :'.J.;1'50 1.9 ~ 

. '. 
356 54 1.6 742 378 0 560 · ··i'·:·oao · 223: - 11 - 1·9 

0 • 
0 •• ·' • ; 

223 388 58 - 1.5 792 414 596 '11 - 1,170' 7.4 

226 .·~377 .58 - .. 1···5 . -'718 . :.4Q2 .. :_587 ·.~·...;,ll - .: t .. , -1'40 7.;5 .... 

227' 
0 

358 64 0- 1.1 763 .. 389 ° 575 ·12 - 1,150 .; 7.4 

.·:·-:-Se-e ·tootnotes.at end ·of ~·table. 
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·Table 20. -~Aqalyses of. water from wells and test wells .. in. Boles ·well fleld1 Otero Coimty 1 

N. Mex. - Continued. 

· -Analyse·s by U. S .•. Geological Survey. (Chemical cons~i tuents in parts per million •. )· 

.Well I -Depth Sil- .. -Cal- .. Magne- Sodium. and 
Location .no. .Land owner of Date. of .ica cium sium potassium 

_a/ .(Lessor.) well .... -.collection (8102) (ca) (Mg) (-Na+K) 
(feet) 

17.~0.19.121a 10 L •. C. Boles 260 Mar • .22, · 1951 - 143 51 33 
Apr. 51.:1951 - 143 · .. 59: . 32 

. Apr .• 191 ·:1951 - 136. 56 .29 .. 

May 171 l951 - 138 55 24 

·June: 7, "1951 - .145 -54 37 

June 141 1951 - 146 54 41 

July 5, 1951 - 1·29 5~ .38 
.. 

.148 .61 33: ., JU:1y 20j 1951 -. . . 
·J\ug. ~3; .·1951 - . 133 54 30 

.. 

Aug. 10~ .. 1951 - .175" "71 35 
.. 

"140 . . ·58 . . Aug; 231 1951 - ' . 30 . 
: - 58 . ·Aug. ·30 1 1951 - 139 30 .. .... 

Sept ... 20., 1951 ~ - 179 74 41 .. 

.Sept. '24.; .::1951 · - 162 .. .. :65 ·. ·-37 . ; . 
.. .. 

:.See footnotes at end of ·table. 
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Table.-20,.-Anal.y-ses. of --water from veils and ·test wells in Boles well field, Otero County, 

N. Me~ •. -- C·ontinued. 
. . 

Analyses by U .--:So ·Geological Survey. (Chemical constituents ·in parts per million.·) 

Bicar- Sul- Chlo- Flue- Ni- Dis- Hardness as caeo3 Per- Sodiy.m- Specific 
Location bonate fate ride ride trate solved cent adso_rption- conductance pH 

(Hco
3

) (so4) (Cl) (F) (No
3

) solids .. Non- Total sodium . ratio {micromhos 
carbonate (SAR) at 25~C) 

17ol0~19.12la 228 368 66 - lol 780 404 592 11 - 1,17~ 7.8 

. ·229. 368 69 --:'t 1.2 785 -412 .600 .·1o - 1,170 7.'7 

230 341 . 63 - 1.2 139 .382 "570 - lO . - 1,120 7.7 ·.'• 

224 :··334 64 - 1.0 "726. .·-· ·387 ""570 ·8 ' . - 1,120 7.8 

. 229 347 82 - 1.2 779 '396 584 '12 - . 1,190 7.7 

.·:22B .. 351 87 - .. 1 •. 3 792 . --400 .586 .·1·3 - 1,200 7.7 

231 309 82 -- 1.3 727 . 354 544 '13 - 1,100 7.6 

232 328 113 - .1.5 798 ~30 620 ..... 10 - ·1,2.50 1.9 
. "'227 "294 ·89 - 1~7 . .714 "'368 554 .-11 -- -· . 1,130 7.8 

.. 
.. -222 ·386 "'154 . - .·3 •. 6 .·. "934 ~546 728 9 

. . . .. 1,··4"50 7.5 -- . 

'221 ·-.-309 1'02 . - .. '1.7. ·. "753 ·· .:4o2 ·---588 ·:lO -. . .ljl90 7.6 

·.2.33 308 98 - . 1.6 .. 750 .. --~39'4 586 10 .... ~-- l,l90-- 7.7 
. . ·- .. 

226. 4oo 167 - 4.9 977 566: 751 11 - .. 1,510 7.8 

227 360 135 - 2.3 . '87) 486 672' 11 - ' 1,340 7.7 

See footnotes ~t end of table. 
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• • 
.. ·::Table --20~ ~'!'"Analyses :of wa~r- .. t'ronr·-weJ::l.s~·,and:-test wetts-.. m "B·al·es-.veli. -fi-el;:d, ..,Otero .Co\mty I 

· . · . ..N. Mex. - .Continued. 

• 
.. · _: ... Analyses.:by. U.~ ~ -s· •. :.Geo"ltigi.eaJ:.··SUrvey .•. -.{Chemi:cal ~con·stituents .. ln-: parts ·per milliOn-.) 

Well .. . . -.. ·'·'Depth l 

_ .T.ncat:l on ·I no .•.. .-.Land .. .owner of ._Date of 
y {Lessor) well coll,ction 

{feet) · 

, .-··17:'.l0:19~:121a1···10 ... I · .L •. ·._c.~ .. Boles· ·1. .. '260 ···sept • · 25; ·1951 

:=:Sept .:·.:·26-j;.· -1951 

1\) 

tp 

See footnotes·at·end of table. 

·'\ 

. \J. 

--S'ept ... -·27-,_ ·1951 

· ·:Sept... 28, · 195l 

May 9, 1952 

July 2, 1952 

· Aug· •. ·:12, .19-52 

. : .. I '_-~:sept. •. ·:16, ·::19.52 

Oct.~ ·.'l7, ·· .1952 

... : De:c_~· .. :B, : 1952 · 

.... Apr. ·14, 1953 

Aug .•. 10, 1954 

. _,:.:.J.::.Ma-y.~ 7_, . .1955 

... Sil·-
.. ica 
{8102) 

·::·24 

. Cal- .. : ~gp.e-i ··:Sodium and 
cium ... sium . ,p.o.tas si um 
{ca) {Mg) {Na+K) 

-~:-.:146 v60 .· ........ 36 

''l41. ·'57 'j7 

... )..:38_.. ·. . ·-56 ''32 

.2:;6 .·.55 . ::. ·:~9 

156 69 25 
164 .. 70 .. -32 

... 133 ........ 58 . .. ·_.:·-·>31¥-

··.1~4 ... 56. ··- .. 25' 

.145 .. ·63 .... ·.· .47 

165 -~.54·. _ .. _., ·--~ '?62 

'136 .·-.~57 : :-::::32 

131 '51 '·28 

· ... :1-;9 ·: :-::·62 I .--:--· ~ · ·:3.9 

v 

c;:;::.·· ... 

,f.-
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·Table 20. - -AnaJ.yse s . of wate-r from wel~s . a:nd 'test ·wells in Boles well Field; . Otero c·ciunty I . 

. N. Mex. - Continued. 

r;.-· .. •• 
.·Analyses by U. S. Geological Survey. (Chemical Con-stituents in parts .per .million!') 

Bica.r- Sul- Chlo- Fluo- . Ni- Dis- Hardness as: -caeo
3 

Per- Sodium-· Specific 
Location bonate fate ·ride ·ride· "trate solved -cent adsorption- conductance ·pH 

(HC0
3

) (804). (Cl) (F·) {No
3

) · solids Non- Total ·sodium '.ratio · (micx.omhos 
carbonate {SAR) at 25°C) .. 

17.10.19~121a 232 .327 112 - 1.9 797 421 611 .11 - 1,240 (.1 

226 . 322 1o4 - 1·~8 :774 402 ·586 12 - 1,190 7.8 

226 ·'305 '100 1.8 '744 . 390 . 575 .ll . •, 1,l70 7.8 · .. -
.226 •'293 '91'. - .2~0 . :723 ·,so 566 '10 - 1,150 .· 7.8 

.• 

233 . 361 ll2 .- 2 .• 4 ··840 -482 672 "1 - . ·1,290 ·-
228 336 159 - 5.3 878 . 510 697· . 9 - 1,380 7.6 

; 

; 227 294 107 - 1'.2 739 '384 570 ·.11. -. ... 1,180 . -
: 

·207 ·303 94 - .1 ... 8 · .. 716 . 396 565 . 9. -· 1,.150 7.2 

,· 228 '377 '100 . . 2 .. 6 ··847 -434. . 621 '14. - 1,220 . 7.7 

229' ·.368' "1D9 · 
.. 

. 2.4 ---~:903 . '446 . 634 18 l,;6o 7.7 
.. _ -

·227 '312 -91 ·- ·· .. 2.·o 741 386 572 ll 
_ .. . "l,l70 . 7.5 

: 

232 '281 80 - "1.7 687. 346 536 10· . 0.5 1,080 7.7 

230 325 111 0.4 2.3. "816 414. 602 12 0.7 1,230 ·7.6 
------- --- - -------- -- --

See footnotes.at end of table. 
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. .Table --20.--Analyses .of water from -wel,ls and -te~ells in Boles well·field, ·Otero County, · 

N. Mex.. - Continued. · 

Analyses by .U-. S_. Geological Survey. (c.hemicB.l constituents in parts per· million.)" 

... Well I ·Depth Sil- Cal- Magne- Sodium and 
Location of Land owner of Date ··or ica cium sium potassium y (Lessor) well collection . (Si62) {Ca) (Mg) {Na+K) 

(feet) 

-. . . 
: 

17.~0.19.122 12 L. c. Boles 215 Feb. 21,· 1950 - 94 43; 27 . 
. 19 .• 123 '•2 do. -. 240 July 28' .-194 7 ·!/ 16 - . - -

·sept·. ·.1~, 194 7 ·E/ 54 .. . - - -
Nov:._.l4, .. _:1947 ·~ . ·20 _.89_:. 38 ·33 

Dec.- 22, ·.1.947 ~ . -96 41 13' -. 
: '. ·nee. 29, "i947 - 92 40 _2.3 

Jan. 5, 1948 - . 92 38 34 . 

Jan. 12, 1948 - 88 39 :_ 34 

-Jan~::.2o,·. i948 · . :"28' -·42. ·-: -- - .·· 91 
I 

· · ·Feb •. ·}, ... 1948··- ..... .·• ... -- . 92. 40. . .,· :23 .. -... 

,\! • 0. Feb .; 16, : ·.1948 --~;--'· . -: -90 -·:· . ·. 38. 31 
.. Feb. 23;· ;1948 - 90 41 27 

i 

-. .Bee footnotes at end··:of· ·table .• 
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Tab~e 20.~-Analyses of water from_ we_ll~ ·and·test. wells _in Boles·well.field.,_ Otero Co\mty, 

N •.. Mex. ·· -·:Continued. 

Analyses by U. S. ae·o~ogica1 .. ~e_y_._ ·::.fC.henii cal ,eon st.it:nents .. .i.p., .. par.ts per. ~ill ion. ) 

Bicar- Sul- Chlo- Fluo- .Ni- Dis- Hardness as caeo3 Per- Sodium- Spe·cif.ic 
Location bonate fate ride ride trate solved .. cent adsorption ... conductance pH 

. (Hco
3

) (804) -(Cl) (F) . (No
3

) solids Non- Total sodium ratio (micromhos 
carbonate ·(SAR) at 25°C). 

17 .J,;Q .19 .122 ·230-. '229 30 1.1 537 223 '412 13 
.. 

83~ 1·9 - . --
19~.123 '253 198 - - - 65o .. - - . ·- . -- - -

210 200 - - 710 ·.· ... - .. - - - - - -
~2o8 o.a i88 '378 ' 784 231 29 . o •. 1 ·532 ·- . - - 1.9 -

212 214 .. 27 0~'1·- .. ··o~7 . ''-496 -.·,234·. 4o8 - - .·- ''780 :. -
229 207 28 0.3 0.9 504 206 394- - .. - 807 -

.. '229 ··.226 :~25' . :'.0. •. 6 . ._:·.~=528 .·· .. ~198. 
.. 

.··:·:~03 - -··386 -·.·- ~ I• • • .. -;" 

.. 

226 '224 25 - .. 1~0 ··522 195' ·. ;Bo : . ··- . ·.··8~ -
-~'232 2.05 21 - ···o.8 502 . -152 .. ·.;42 . - . - -· ··aoo -
.. ,231 .209 .. 26 . -- '1)..7 .. 504· . -264 . <394 -- .. _ 

.. .--·796 -
--

.-230 .. ':':213. -~-26 ·- ·o.8 ·.512 192 ·;so ·.• ·- . . -·· :· ~794 . -- -
~... . . . . . 

234 214 26 - o.y 514 202 393 - - 790. -
tl 

-- .... ;.see .footnotes :at ·end· -·of- -'table • 
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• • • --Table ?o-.:--Analyses-' of -wa:ter ~f'rom_ wells .-and t·est --~us·-~~es :wel1- --r±eJ..dl ·~Ote-ro .County 1 -

- -N. Mex. -.Continued. 

Analyses ~by .U-. .S .•.. -.Geo.Logical..:Survey.:~- :. (Chemlca1--cons-tituents ·in ·parts :.p~ -.mll:lion-.-) 

Well 

• o.•i'-L~tion . 1-;;• -I i:~:}r 

...... ··: _.::.:11-il0 .• 19.12:31 _. 2 

·ro · . .ro 
_I\) 

- .I...,. c ;.· ·Boles 

Depth 
--or ~---·_nate of · 

-·well ... -coll~ction 
{:feet) 

24<> ·_ I ·.:MB.:r .• B, · J~94B 
Mar~ 29,-'.'1948 . 

-Apr. -.:41 : I948 

:Apr.;·,20j ·.1948 

Apr •· ·27, ·1948 

May 10, 1948 
. Ua"r·-·:24 .. · ·l:.048 

..... ~-J . ' .'7 

. June· 7 ,··.1948 

. June':. 2lj.;:::t9lffi 

J _:,_.July -2B;··.::i94B 

-Aug:~ . --?Q; . ·-1948 · 

Sept. 23, 1948 

Dct. _28, 1948-

- --<7. - •·=:--:.Ma.r .• -.-.-9,.-:~·1949 

Mar • 15 ,_ .1949 

. -·.:.·see .. footnotes::'llt·;;end- .of'_..table,. · 

\.1 

.. Sil- .. ·:.Cal~ 
-.ica. :cium 

-(8102) ·(ca) 

''90 

92 

·.:- ~-9~ 
--,-92 

--92 

94 

. -·· :9"3 

. 94 
·- ~.: ..... ,I .-.--90. 

···• ·:91 

'90 

91 
90 . 

. ) . :·:I :92 · . 

,91 . 

... Magne- Sodium and 
-.-sium -potassium 
~Mg) {Na+K) 

_··:3~ :29 

4o ::22 

- .·39 -23' 
_··38 '30 
·-.40 .---'25 

40 21 

·-41 ···s20 ... 

40 - 23 
i 

. (·38·. ·: .30 
,· 

---·;39 .. -. .-32 

.· --40 :25 

40 .25 

39 37 
··<38· ~ --:_:-~2'8 

40 24 

, \ 

fiiil 

~~ 

i 
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Table 20.--_-Anal.yses of ~ter from wells and· .test -wells in Bole·s wel;I. Field, Otero County, 

_ N. Mex. - Continuec;t. 
. . . 

. Analyses by U. s. Geological Survey. · .(Chemical· .. constituents .in: parts per· million.) 

Blear- ~1- Chlo- Fluo- Ni- Dis-. Hardness ~s CaC0_3 Per- Sodium- Specific 
Location bonate ·fate ride ride trate solved .cent adsorpticn~ conductance pH 

- (-Hco
3

) (804) (Cl) (F) {No
3

) solids Non- Total· ·sodium ··ratio (micromhos 
· ·carb·on:a te - { SAR) at 25°C). · 

17.10.19.123 235 211 ·25 - . o. 7 510 192. .385 - -- I 774 -
232 2o8 ··25 - .. 0-.9 502 204 394 .. - -- 798 . 7-7 

-.-2:;4 . 212 . . 26 -512 .208. 400 '.' .. - 776 7.6 -- - .. ·--
'231. 215 -26 --- 0.5 . 51'5 '"'196 386 - - '191 --
"235 212\ '25 - . -:·o.6 --51"0 -~202. . 394 - ···- .800 8.,0 

232 "211:··_ 25 - 0.5 506 . 209 399 - - '801 7.5 

231 209 25 - 0.6 502 211 400 . - - . .794 . -
·:·234 . 26 -··2'68 

.. 
"798 '212 - :·o~-5 -·511 :·,99 --- - . 7.7 

,• 

230 : 2o8 .28 ·- . o~8 . 5o8 _-192 .'.;80 - - ·809 7-7 

:·235. ,'218 ... :26 ··o.3 .· __ 0.9 523' ··.195 388 - - .. 811 -
·' 

· .. 232 '"207 -'.26 . - '1·.0 . 503 .. ·:194 ·389 . - - . 799 . -
232 211 '26 -- 0.6 5o8 ··202 . 392 . - - 789 7.9 

236 226 25" - 0.9 . 534 "192 385 - - 8o3 . 7-9 

237 207. 26 - 0.8 508 .. 192 . 386 ... 14 . - -; 797 ' ·7•9 
.. 

----·,:235 504 
. .., 

a~1 -207 . 25. - '0.7 ."199 ~392 .... 12 . - .. _. "793 .. 

. ~:See · ·.f'oa~utes . at.·. end ·:of.- table . 
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••• • . - .. Table ·20.-.~Analyses .of water.--from·wells and te-st wells. in Bol.es··we1I:.field1 .. Otero County, 
-N. Mex•. -·continued • 

• 
.. . : ... ·.· .Ana.lyses::by. U •. .-£ .• ··.Geo1og±cal. ... Survey. -~-.(Chemical.":constituent·s ·~in -parts· per -lilil.lion~J 

1\) 

~ 
·.·:·~ 

Well 
.. L-o·cation no.· 

.. . :!J 

17~~-10':19.~123 :2 

-·. 

. . 

\ 

.. 

. . · ... 

Depth 
Land ·owner of 
-{LeBBOr) . .. ···vell · 

.. ·('fe·et) 

: ··L •. :C • 'BOle.s '240 

.. 

.. 

.. 
: 

· .. ..see·::ro·otfio~es at ·end "·Of ·table. 

" 

Sil-
.. ·Date .. of .. ·ica 
· ·-coli,·cti 'On · ,(8102'} 

·. Ma:r o ·.25, 1949 · -
Apr-~: .'20 ,. ':J-94-'9 -

· .. ·May ·91 I949 ···-
· June·:·.~23,- .-1949 -
. June 29.,. 1949 . -
July 51 1949 -
•'July '15, 1949 -
·,sept. 12, 1949 ·-

, .. -.Oct. 5}. 1949 
- 0 • 

oct. "13, 1949 · . ·~ 

Nov. 25·, 1949 .. 
Jan. i6, 1950 2i. ' 
Jan~ 26; 1950 ... 

·· Feb.~~.;· . ..1950 '"'" 

Feb. 9 1 1950 ~ 

.. ·Feb';··-28; ·1950 . ··.·· .. · ... .. 

Cal- Magne- Sodium and 
... · c1.um .-. ·sium . _potassium 
.. (Ca) .. (Ms) , :. : {:Na tK) 

93 .. ' ... 39 '33 
··. 92. .· .. 3~ 29· 
.. 94. .: .. 39 . . .. : :22 '· 

:'95:·:·· .... 38 ... '727 . 

94 . .. ~:39 ··.25 
.. ' 

90 40 -l9 

:.93 . . .-. .3.9 .: · .... ··27 
·.94',' . 39 19 

.. i 
:91 .. 40 .25 
:92 46 24. 

< ... 
92 40 . 25 

. 92 42: 18. 
. ' 

93 4~ 18 

.92 .. . .. ;7 ...... · _ _::30 .. 

92 40 24 
'"''92'' .... ,9 ..... -.· ..... _"2'3 

~ 

~··· 

;t 

.I 
1 
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Table 20. -~Analyses of water ·-:f.J!Gm-Wells -and t~st wells in Boles well .field, .Otero County, 

N. Mex. --Continued.. · · 

.Analyses by u. · s. Geological Survey.· ."(Chemical constituents· in parts per ·million.) 

:eigar- Sul- Chlo- Fluo- Ni- Dis- Hardness as Caco
3 

Per- Sodium- Specific 
· L"'cati-on ·bonate fate ride· 'ride· ··trate ·.solved cent adsorption:~ conductance ·pH 

(HC0
3

) (so4) (Cl) (F) (No
3

) solids ··Non·- ·Total ·sodium ··ratio (micromhos 
carbonate (SAR) ·at 25°C) 

1T.lO.l9.123 22B 226 . 2B - 2.0 533 2o6 .392 15 - 794 1·1 
236 ·214 26 ·- 0.4 5lq' 196. 390 14 - 794 7.7 

238 202 26 - _0 .• 7 501 "200 395 11 ··.' .. - 601 1·9 
: 

: 228 . 216 2B -- 1.0 517 . 206 393 13 - B05 ~ 

238 .209 -26 ··- o. 7. -511 200 . 395. .. 12 . ·- Boo . 1.B 

222 203 26 - 0.7 4BB 207 389 10 .· - 793 7.B 
. ~ 

,, .. Vl . 236 .2l2 .26. - 0:.6 514 199 392 : ,l3 .• - : 801. -. '. 

·234 "195 29 - ' -0.5 "492 .. 204 :395' .. 9 ~ · a-o3 ·. 7.3 

. 232. ·213 -24 - 1 •. 1 . 5oS _· 202' ' .·392 ·1,2 - . :·"792 . 7·.B 

. 234 -209" "26 - 0 .. 9. ---?07 .... 202 ""394 12 .Boo 7.4 
·. 22B 214 .. 27 - o-~B ""511 .. 207 "394 12 - ' ··Bl5 7.6 

22B 205 2B 0.8 ... ··-0519 ' 215 402 9 
... 

Boo "7 .6 - - .t . 

232 20B 26 - o·.B 502 214 . 404 9 - ' 807 .. 7·. 7 
. ' 

-2o8 ,::26. ·-lB9 . . ·-~ "14 "235. ·--- !. 
.: ... ~o .. 6 .. :.509 .. ·-: ~· .. · :~79?:--.:.·_.:·:::,·· :-7-J3 -. • '·'··:~I 

: 

.. 235 207 27 - ·0.7 507 202 394 12 - 799 7.6 

. 2-32 . 203 .. 26. -·- 1.1 -.498 200 390 li - ·797 7.4 .. 

See··r9otnotes.: a:t ·end· of ·table •. 
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Table· ·20 •. ~rAna1:.yses ··of _:wa.tel;' fi-om __ wells ~d t.e.st .·wells .. -.!A~~ti~~ ·well· field,_. :·otero.~.Co~ty _,. · 

N. · Mex. 0 .;. • p.ontinued. ~ .. 0 ~ 

·o •• __ ..ADal.yses. -:by :U!I:.·.s •. ·GeC?logieal·.-Survey .• ·. ~(ChemiraJ:·.-:eonstituents .. in .:par:ts ·-per··miJJ:h;m·.) 

Well 
· -"'Loeati·on ·1·- .. no • 

··-··.-~. 

·:.· .. :.;: . .J:q.:lq.I9 .. -l2.31 -~~2 
l 

·-· 

1\) 

;-,;~~) 

· --Lana- -owner 
· (Le·ssor) 

. <L-. -.c--. ·.Bo1es 

Depth­
···of 
well 
{feet) 

·· Date··of 
col1~c-tion 

·240 . I .. Apr-• .-_25.;.· .. 2950 

0,.-Ma.Y·-~ll, .T950 

Aug. ···30, ~:1950 .. 

·:.Sept .•. 11; ··I950 · 

Sept. 26, 1950 

. Oct. .3, l950 

: -NoY: .. :.·_~4;. -I950 

Feb.;: 7, ··.:1951. · 

Feb~:-.15; -.l9510 

:·Feb-. ·20, ·1951 

.... Mar·. T,- -.I951 

Mar • · 22, 1951 

. Mar .-=.c30., ... .1951-

. Sil­
ica· 

(8102) 

-- .. 
·-

: "25 

.·:···20 

-
-

... . --~ 

.... _ 
'···-

-
·-
.. 

-.. · ... 

' 

·.Cal­
cium 
.(qa) 

.94 

..·: 094 

., --96·. 
.. . .'· 

. ·. _,. -~96 

91 

092 
:.~i·: "0-91¥ 

;::: 94 

.. ) 94 

0:·:::·:-.91 

··. -·---g3 

96 
. , .. 96 .. 

.-Magne ~ -Sodilim· ·-and 
_ osium _.potassium 

(Mg) · (Na+K) 

·39 :_:25 

42 '19 

·:39 3i 

-:-.39 .· .. ·::28: 

40 22 
0. 

O• 

Jto 23· 

·.:lJ:o .. · .. : .. 28 

- :40 .·."20: 
: 

·,a :·. ~.:z;. 

::· .39 "27· 0 

. '39 .· . ~-- .... 21 

3~ ·24 

. ... llo. . .. ·'.20· 

i 

. ' Apr~ .''12·1~-T951- .. ... 91 i. 41, .. 17 ~ ~:h''•".:-1''0~•,.,,,.,~ ... , _;•,~!¥olt'"~04.""1••~'1JI~t~ . . . , . ' . ~ 

Apr •.. 19, 1951 - ------·-·98. ·"4-o ····-·.·-I9 

~··- • • ••• •• 
0 

.. -: --See-~"f?Otnote·s. _.;at" :en:d:··oof··table-•. 
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Table-20.-~Analyses.of' wat_er· from.,.wells and test veils ·in. Boles· well field, Ot·ero,County., 
· N. Mex. ~ Continued. 

Analyses· by U. S. · Geological Survey. ( Chemica·l ·constituents in parts per ·million.) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as Caco3 Per- Sodium- Specific 
. ..Location .bonate ·fate ·ride ride·· t·rate -solved -cent adsorpti.o~ .conductance ·pH 

(Hco
3

) (S04) (C:1:-) (F) (N0
3

). solids .Non- .Total sodium ratio (mi·cromhos 
carbonate (SAR) at 25°C) 

17.l0.19.123 239 209 25 - 0.4 510 .199 395 12. - 799 7.8 

24o 206 "26 ·-. 0;6 . ·'5o6 210 407 9 -- 804 -
245 221 25 :0.9 '559 199 400 14 ·.· ... 809 .. 7.9 . ·- . -

·_'232 225 26 -- 1.0 549 210 -400 - ·.T3 - ·8o5 1'·9 .. 
. ·226 ·203 ·30 - ·1.0 . ·498 :2o6 392 .... 11· - - -BlO ·1 ,.JJ. 

-· 
223 213 27 - 1.0 .5o6 212. 394 . 11 - 816 7-5 

.. .. .. 
-231 212'• 28 - -o.-8. ·-517 _210 399 . 14 - . Boo 8.0 

. -~230 205 ':'28 .. . 
·o.~9 .. · "501 ·."'210 ·399 . ·.J.:O . :-

.. :ao6 - . -
232 202 28 ' ·- 0.7_ .-· '500 :. ·.200 . 390 .11 - "'807 -.. 

2~ . 208 . 27 - ·-. · o~a .. '5o8 "•196 ;88 . :13 . - :. 802 7.7 

. 236 200 -·--26 -- . 0.7 .. 496 ~199 ,'392 .. 10 - 805 7 .·5 

-234- 209 21 . - 0.9 510 204 396 12 - 8'04· 7.8 

240 212 22 - 0.5 5o8 208 404 10 - '807. 7.8 
. . 233' 212 26- ····-

.. · ·o .• 9 .-.. 509 .·_._ 220 . )1-10 -:~a. - . :- ·:.~-803 . '7~~8 .. .. 

. 238 211 . 25 - 0.9 511 . '214 409 9 - 8o8 7.8 
-- -

- --- - --------- -- ~ -~ ---

- . .--See. "footnotes . .at end of'. ·.table-. 
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Ta"Qle 20.--Analyses .:.of:"_Jm.ta- from wells .and test wells in Boles well field:, Otero County, 

N. M~x •. - . Continued 

•• 
Analyses by U. S. ·Geological Survey. (Chemical ·-constituents .In parts per million.) 

Well Depth 8:11- Cal- Ma.gne- J_Sodi um and 
.·.Loca:tion . no. Land mmer .of ·Date ·of ica· ·: cium sium 1 potassium ·y (Lessor) well eol·l~ction (Si02) . (.ca) (Mg) I (Na+K) 

(feet) 

lT~lO .19.123 2 L. c. Boles 240 Apr-•. 26, 1951 - 94 -39· ·30 

May 4, 1951 21 95. 40 . 25 

May_lO, 1951 - 91 4o . 18 
·.' ... 

May 17, 1951 - 102 .. 40 '13 

June 14, 1951 - 105_·: 38 24 

June 21, 1951 - . -94' 41 23 

. ' ·J~ ~8, 1951 - 95 ·42 . 15 

·July. 5, .1951 . - 95. '40 .. 25. 
.. 

.July ·12, 1951 92 .38 34 -
July 20, 1951 94 .. 40 21 I - •! 

: 
~ 

: July ·26, 1951 - 96 38 

I 
24 

Aug. 7, 1951 - 92. 39 20 

·Aug. 13, 1951 - 96 38 24. 
.. . . 

Aug • .-21, 1951 - .l.02 45' ... ·-23 

Aug. 28, 1951 - . 102 40 . 13 

Sept. 5, 1951 - 94 37 26 
- -----

See f'optpotes at end of t~b1e. 
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Table-20.--Analyses of water from wells and:test well~ in Boies well field, Otero County, 

N. Mex. -- .Continued. 

Analys~s by U. S. Geologic-al Survey. (Chemical constituents in· part~_ per million_.) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as ~aco3 Per- Sodium· · Specific 
Location bonate fate ride ride trate solved cent adsorpticn• conductance pH 

. (Hco
3

) (so4) (Cl) (F) (No3) sol±ds ·Non- ·Total sodium ratio ( micromhos · 
carbonate (SAR) ·at 25°C) 

17.~0.19.123 238. 222 24 - 0.8. 527 200 395 14. - 797 -
231 223 24 - 0.7- 543" 212 402 12 - 801 1.1 

! 

236 .209 24 - 0.1 "505 21~ . 406 ·9 ._ .. 810 1·9 .. 
.-, 234 _212 -24 

., 
-o .-6 507 .228. .. 419 ·6. . . ; 

BoB 7.9 . - -
222 241 26 - ... 1.0 '544 236. 418 ·~11 - . 865 1.1 

.. .. 
.• . ~.--:_,. . 236 20"8 30 - 0.6 513 210 . 403 11 . - 807 7.8 

; ·, 
... 

!.r 

. 234 206 26 - ·o.4 499 218 . 410 .-a - - 807 7-.5 i .. 

239 . 213 27 . - --o.6 "5l9 .. . -:206 402 25 - : Bl.l 7.8 
: .. 

243 212 27 - . J..3 524_ .. 186 .386 16 - : 814 8.0 

236" '204. 27 - 0.6 503 '206 399 10 - ' ·.au. 7.9 .. 

235 2o8 27 - >o~6 '510_ 203 396 12 ·- 804 8.1 
·:293' 198 26 .. 

-:·0~8 _:491 '199 . 390 10 - 805 . _. 7.9 -
. '234 207 28 - 0.7 509 204 396 . 12 - 806 .· ... 7.6 

.222 254 .30 !"'" : 0.8 .. 564 258 ' 440 10 - . . 879 ···_:·. 7.5 
·236 206 ·27 - ·-o.B ·:_505. . :·226 . . ; 

: '416 .6 .. - ·sr1· 7.7 
.. 228 211 26 .· .. ""WW! I 0.8 . 507· ·-·200 - -386 . 13 . . - 807 . "7 •. , 

----

See ·footnotes at end --of table •. 
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• • 
Table 20. ~-Analyses ·of water :f'rom· wells and test wells _in Boles well field, Otero _County, 

N. -Mex. -- Continued. 

•• 
Analyses _by U. S. Geological Survey. .( Chem1 cal ·constituents in parts ··per .mi;Llt·on.) 

. 1\) 

--~.; .·;'--~ 

Well Depth Sil- Cal-_ Magne- Sodium and 
Location no. · ·L-a.ini ·Owner · of Date .of ica · ···cium .slum p9tassium 

~ (Lessor) well coll~ction (Si02) (Ca) (Mg) : {Na+K) 
(feet) 

I . 
11~10;19 • .123 2 L. C; .Boles· 24o Sept. 12, 1951 - 93 I 39 28 

Sept • 191 1951 - . 96 1· 42 23 . 

: Sept. 21, 1951 - 91_< 40 23 : _ 

Oct-. 16 1 1951 - - -. 90 -41 26 

· ~ Nov. '"13, 'l951 - - ·96 39 21 ~ . . 

: l Dec. 14, _1951 - · · ·: 98 44 · __ -(;(;a···: -.-
, _Feb • .-.1, 1952 - . ·- 95 39 ... T9 · . . 

I . • 

1 
' . . : Mar • 21, 1952 26 . 96 · 40 20 · 

. May ·29, 1952 : . - : 94 40 . 24 

,. July" ··11, 1952 - 92 · 39 · 37 '-

_. _ . . Aug •. 27 j .1952· - 94 . 41 18 . 

l Oct. 3, 1952 · - · 89 · .. 39 33 : .. 
Nov • 8, 1952 . -- . 9 3 41 · ~ 3 _ 

! " . . ~ • . ' 

; : --.. Dec .. -.·.~9.;~·1:952 .- .:- :·~92 ·-- 42 · -.-~ .- .:~22: 

Dec-.-- 311 1952 - - -90 44 - . ·18 · · 

-Mar. ·19-, .1953 -- 92 .39 .17 

Ma~ '16, '"1955 22" -'87 .. '42 26 
see .footnotes at end .of ,-·:tabl.e. 
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. Tab~e- 20 •. --Analyses of water f'rom. .wells and .test. wells in Boles well field, .Otero County, 
· N. Mex. - Continued. · 

Analyses by U.. S .-. Geological Survey. {.Chemical constituents in ~-s :per. million:') 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness_ as CaCO,_ Per- Sodium:"! Specific 
·Location.· bonate :rate :ride- -ride trate ··solved .cent adsorption.- conductance pH 

. .(HCo
3

) (so4) (Cl) (F) (No
3

) -solids Non- Total ~odium .ratio (micromhos 
carbonate ...... 

\ .. 
(SAR) at 25°C) . 

17 .. 10.19.123 234 214 'Z7 - 1.0 517 201 ·392 . 13 - "807 7.2 
: 

245 214 27 - 0.6 524 211 412 11 - . 841 7-9 

234 :.201 .28 - 0.8 499 200 392. .11· 
. · ' .. - 811 7-9 

! .. : 

242 -208 24 0.3 . ·5o8 .194. '393 . 12 
.. 

'819 
.. 

7-3 - '· ... - .. 

228 '21.0 28 ...... ·-1~0 507 -·-. 213 4oo · lO ... : ... ._ 8Q2' ~-> -: 

·I\) 

~ 
228 207 28 - 0.8 498 . 238 · .. 426 . .-4· ... - 801 . . '1-1 . . 

232 . 203. ·26 . 0.8 497 '208 .. 398. . 9. ! 801 ·- 7 .·5 - - : 
I 

·.230 "'214 ·26 "0.6 --'536 :.'216 .. 4o4 . 10· : 'BoB ... 1.~ 1 .. - - : 

·235 ·212- 27. - . .=o.8 .. 514 --206 .. . '399. ·12 - .. 810. ·: .. T-9 
"235" .. :'228 . 28 .-- 0.9 541 -198 ·_ .390 17 .. 

.. 811 . 1-9 
'233 ·. -.:·203 "28 - .·1.0 500 '212 :403 9:. . ' -- . 807 - t 

... 227_:· 219 28 - 0.9 . '521 196 382 16' - 819 7•5 ... 

230 214 28 - 0.9 .513 212 4oo 11' - Boo 7.6 . ~-

.. _-:225 . -215 29 .. - -.0.9 :512 .· .218 ---402 ·.11- ._··,.:·· - ... 803-: .. .- ._ .. .. 7.·8 
·. .. 

230 .. 210 27 - 0~8- '503 217 ·4o6: 9- ... - Boo-· .. 7.6 
236 - '184 29 - 1.0 .. -.478 '196 .. 390. 9 - 803 7.5 

.. 230. 2o6 ·'30. ·o.2 0.8 . :· --527 ·:--:.201 390' ·.:13 . .... ·_ 0.6 ;' .. 807 -, T-5 
---

-·-see··_·-·.fOotnotes at end. of table. 
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·Table- 20.-~-Analyses of ·"WB.ter :from ·"Wells. and test -wells in Boles well fie~d, ···Otero County~· 

·N •. Mex·• -.Continued. 
• 

Analyses ·by u .. s. Geological Survey. (Chemi·cal· con-stituents· in pa.rt·s·per niill1.on.) 

··Well .. .· .. Depth· ... Sil- .Cal- -Magne- Sodium ·and . . 

... .Location ... no. Land .. owner . .. of ..Date of ica cium ·sium ·potassium 
!:/ (Lessor) well col~ction (Si02) · (ca} · (Mg) (Na+K) 

(feet) 

17 .10~'19.141 15 L. c. Boles 370 Aug. +-11 1950 '~- -·24 93 40 . '25 

Aug. 25, 1950 27 . 96 39 26. 

·Jan. 11, 1952 23 . 98 42 16' 

Feb. 21, 1,952 - ... -~104 40 .24 

1\) 
Mar •.. 1~ 1 1952 25 .. ' ·,92 39 29: I 

: 

~ ·June 6, 1952 - . 94 40 25 
: 

. i .··July 27, · I952 - 93 39 46 : 

Sept. · 2 ~ ···1952 
.. 

96 -42 16 4 •• ..._ 

·. Oct • 9, ·1952 ···- : 91 · ·4o '33: 
: .. ; ... 

· ·Nov·· ·17, ·1952 . ''91 '41 -:23.; • .. ·-
89 44 

I 

Dec. 19, 1952 - 20 ' . 

: 

93 ·. 40 Feb. 2, .'1'953 - 22 .. 

·See footnotes at end of table. ' 
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Table· 20. --Analyses of' water f'rani. wells and test· wells in· Boles well field, Otero County, 
N. Mex. - Cont.inued. · 

... Analyses by u·. s. ·.Geological SurVey. (Chemical constituents in ·parts per· million.) 

Bic.ar- Sul- Cblo- F1uo- .Ni- Dis- Har~ess as caeo
3 

Per.:. . Sodium- Specific 
Location bonate fate ride -ride ·trate solved cent adsorption- conductance pH 

(Hco
3

) (so4) (Cl) (F) (No
3

) solids . Non- Total sodiuin · -ratio (micromhos 
carbonate (SAR) ·at 25°C) 

17-.10.19.-141 · .. 221 225. 24 - 1.0 541 . 216 396 I 12. - 812 7-5 .. 

234: 218 27 - .1.0 549 208 400 . 13 - 812 . 1.9 

.223: 221: 27 - o.8 538 234. 417 8•. ··.·, - 818 7.8 

250· 225 26 - ···6.8 "543 . 219 424 11 ·' . - 844 7.8 
.. ,, .. . . 

. ( 

227 . 221 26 . 0.4 519 /' 204 '390 14. -·- 820 7.6 ·-
1\) 

~ 
226 .. 219_· 28 0.6 518 214 . 399 12 

.. 
814 

.. : 
1.9 - -

268 -·225 .28 {).1 ··564 173 ·392. ·. 20 .. ·• .. 8.12 . -' 

7-.5 - - ; . 
··216 28 .'508 412 8 

. . 

816 222 - 1.0 230 - -.. 

. 221 231: 29 · ·-o-.8 · '··-534 ·210 ·. 342 15· 
. . -· '82'3 '1·1 

.. 
'. 'I • 

. 223. : .2.18 26 . ·- ··0.6 ·510 213 .. ·396 11 - 806 7.6 
0 • --1·o.8 . 508 

.. 
···403 :• ---~18 223: .221 23 220 10 -: 7·5 

I 

223 216 26 -. 0.9 . 5o8 . 214 396 11 -·· 819 7.2 
--

. . 
-- -- -------- --- - ------ -~ -- -- ------ - -

.t 

. · ··. -~ .. -:-:~e ~:foatnotes·~at: :end -:of'::tii.lll-e ... . .. ' .. 

... . .. . .... 

... •J. 
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• • • Table 2o.-~Ana1y.ses of water from well. and test wells in Boles well ·field, Otero County, 
.N. Mex. - Continued. 

•• 
Analyses by U •. S. Geological Survey. (Chemical ~constituents in part_s per million.) 

Well ( · Depth Sil- Cal- Magne- Sodium and 
.Location· no. I Land ·owner of Date of .. ica :::cium ·sium · ·potas·st um 

!/ (Lessor) well colltection (81~2) (ca.) (Mg) (Na+K) 
{feet) 

. i 

.7.10 .19.142 14 . L. C. Boles 253 May 10, 1950 i - . 96·. -~ 41 33 . 
June 30, 1950 - ;. 96 40 32 

: 

Sept. 20, 1959 - ' 94 40 33 

Feb. 21, 1951 ·- . 8 
I -~ 41 '27 

Mar • 30, 1951 - 98 42 27 

1\) : Apr. 26 1 ··1.951- . - .. -98 . ·-----~4~ -, 29 
-'~ - ~ .. . . . Ma. ·4- I951 ··:·2·3 .. ··.-.roo 42 . 27 y , . 

.. 

May ·10, 1951 - . IOO 42 "21 
: 

.·May ·2~, 1951 "96 ·42 .. 26. -
May~--31, 1951 - ... '95 "43 -- ~9 

-J~e r~--~951 . - . 
··~-ro2 ... <T'35 . . 32 . 

. ' -
.June 141 1951 - . 102 37 29. 

.. ....June 2l. ,-- .. 195~ ·-. - :98 . -43 . .. 24' 

: .. June 28, 1951 -- 103 43 ,· '. 13 
-.. . . 

July 5, 1951 98 ·: ·43 "27 I -
• __ July 12, ·1951 · . - . '98 .. :- -41. . "29 

· .. -see.·:'f'ootno:te-s--:·at" .end--of . table .• 
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Table 20·. --Analyses. ·of, water .from wells and test wells·· in Boles well field, Otero County,­

N. Mex. · -:-. Continued. 

Analyses by U. s.- Geological ·Survey .• _ {Chemtcal· constituents ·in_ parts ·per million~) 

Blear- : Sul- Chlo- F1uo- Ni- Dis- Hardness as Caco
3 

Per- ·sodium- Specifi.c 
Location bonate fate ride ride trate solved cent adsorptiOn- conductance pH 

(HC0
3

) (so4 ) (Cl) (F). (No
3

.) ·_s-olids Non-. ·:·Tot.B.l. -sodium - .ratio·. · (.mier.omhos · 
carbonate· (SAR) at· 25°-C)-

-17 .10..19 .142 2;8 .. 233 29 . - 0.7 550 213 408 . 15 - 845 7.6 

232 230 31 -- 1.1 ·544. 2l4- -404 15 - 856 7.6 
, . .. 

241 222 29 :- '0 .6 538 202. 399 15 
..... . 842 7.8 - -

253 219 . 26 - 0.6 537- -206 . .·_413 12 - . 834 7.6 .. - ... ' 
254 222- 25 ·- - . ··0.5 -~5-40 ·-209 -417 12. .·. - : ··838 

\,', 7.8 -. 

250 230 -24 - ·o.8 - 547 ··212 417.' '"13 ··- . ··-a37 -.. : .. ;· 

248 231 26 - . 0.7 572 219 4-22 . 12 .- 835 .. 7.6 
. ' .. 

251 .221 23 :o.? 532 ·. 216 :-422 .. · · .... 10 : ·-835 7-9 ·- .. - ' .. . . 

-245 221 27 - ·o.8 '534· . 211· . ;'412. '12 ... - . 835 
: . 7.4 

. . 
. -4-14 .. 

831 ~ ····· ---247 ·.·209 ··25 ·- . ._ . ·-o~2 513 -212 .. 9 · .... -. , .-3 
. . ~ 

253 215 ·26 ·- 0-.7 . ·536 191. . 398 15 - "840 - 7.6 
... • - . 

255 216. 25 -- . 0.8 536 198 4o6 "14 - 838 ·7 .7 

251 219 -28 - 0.5 536· 216 . _ 422. 11 - 838. >-.··- . 7.8 .. .. . ··.·· ... 

245 215 26 - . 0.5 . .'"522. 233 I 434 ~' 6 .. .- - : .. 837 - 7,.·4 . ·.z. ..- ... 
·~:-249 .:·227 --~28 ·- -·0.-1 "547 -~-l8 . ... 422 ::~].'2 ·- ·:_."839· ··:. .7 .. 7 

252 221 27 - 0.9 541 2o6 . 413 .· ~3 . ·. - ... ... 841 · .. 8.0 

Se·e·.·footnotes ·at ··end of ::table. 
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• ' •• 
Table 20 ·-~~Analyses ·o:f-;Wter ·from ·wells and test wells in Boles well field, Otero County, 

N •. Mex. -- .Continued. 

• 
Analyses by U. -S .. "Geologica1 Survey.. (Chemical constituents in parts per million.) 

_. 

Well Depth ~11.- Cal- Ma~e- Sodium and 
·Location no. I.and owner of .Date .of ica .cium sium potassium 

!Y (Lessor) well coll~ction (~102) (Ca) (Mg) (Na+K) 
(feet) 

I 

17.10.19.1-42 14 L •. c. Bo~es 253 : JUly 20, 1951 . - :.97 \ 41 . 28. 

. July 26, "1951 ··- .. :103 .. 40 13. 

.. Aug. 2, 1951 : 1.96 43 . 23 

. Aug. 8, 1951 . ~~ ,\_. 98 42 .. 21 . 

Aug. 15, 1951 - 104 41 14 I 

1\) 

~ 
I Aug •. 27, 1951 - 95 43 24 

., ·Sept • · -6 ;· ·1951 - ' "96 41 .28 

. :oct. '3, ~951 ··- "98. -41 . . "27 ~ . 

' · .... Oct-. 15, 1951 - :· ··~96 .-:~9 25: . 

Nov .• ·11-, .l951 - : 
. ·.-· .. 96 .. 41 .. 25 .. 

Jan. 25, ·1952 - :.."99 41 20. 
... 

Feb. 29, 1952 - . ~ 99 40 . 28. 
.. -~.- :2~J .. ~r952 -~ . . · : :::1.:oo ·: ·.42 . .-.:;.20. .. 

.. May 1, 1952 - - 104 45. . 20 

June 18,· 1952 - 100 . 44 27 
.. 

: Jw..y-·::29, ~1952 -- ' .. :·.::_122 ... "50 < "22 
--~---~ --- -

·See-- ··roo:tn·ote:s ;at-·ena. 'Of .. table • 
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·· Table ·20 • ~-~Analyses· of .water from :-wells and. test wells in B·oles ·we.11 field, . Otero County, 

N. Mex. - Continued. . .. 

Analyses by U. S. ae·o1ogical SurVey.- (Chemi~al ·constituents in ~rts pe~ million.) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness as caeo3 Per- Sodium- . ·_Spe-cific·: 
Location ~ :·: bonate fate ride ride .. trate solved ·cent adsorption~ conductance pH 

(Hco
3

) (S04) (Cl) (F) . {No
3

) solids Non- Total sodium ratio (inicromhos · 
carbonate ·(SAR) ·at 25°C) ··. · 

17.10."19.142 25~ .216 .. 26 - 0.6 535 .. 200. 410 . 13" - 84o . 8.0 
.• 

.. .. 
B.o .. 247 200. 27 - ·o.6 506 219 422 6 ·- 837 

.. :~:_· 

226 254 29 0.8 567. 256 ·. -442 ·.10 
. •. 

884 1':8 - -.. ; 

_243 216' ·.·27 - 0.8 525 218. 417· 10 - . 83E3"- · 7-5 
... 244 210 28 - ·0.9 518 228 428 1 -~ 838 1-1 ... , .. 

248 26 
: 
0.6 528 217· . - 211 . 414 . 11 - . ·:. ~39 7.6 

248 219 26 0.8 533 205 4o8 .. i3: : 
843 .. 7.6 - -. 

; 

: 854 
~ J ·~ 

:252 .:~_220 ~26 - .o..-9 -·537 ·.206 '413 . :13 -. .. 7.6 
~ ... . . 

. ·;237 214,. '''26 .. - "'0.3 . 517 ~ .. . 206 · 4oo ·. 12 .._ 840 7-5 . ·. ' . 

.· ·238 ."219 "28 -· · ... o.a -527 ,· 213 . 408 .. t2. . - . ~3·3 -1-~4 : .. .. .. 1.~ ... 248 212 25 - · ·o.1 520 .212 .416 -.I'O ·- 8?5 . ! 

- . - ... . 249. 219 28 0.8 . '538 208 412 u·: ... 838 7~8 - - . 

247 ··_219 25 : - ·o.1 558 ; 220 422. . 10 ~ ; l···~ .., -
' 

840. .7-5 
: : . 

.. ··· 243 . 232 ... 3}· 0.7 555 .. ·246 . 444 . . ":.:9:· 
• 0 • o I • ~ • : .. -~·- : "877 :· ·-~ :.7.~0 - . ·-

~·. =:.~ .. :" . ;. 
. . ... . 

.. · ';"246· .:215 -45· - ·. '1'~'3 .. 553 2~9· .. 4'30··. ''12 : .. .... ·- •.: .. . 883 ·7.5 

· .. ··--232 ···221 .. -97 .• 1.~-- . ·627·.· ·320 "510. '.·9 .. , ·- 1,020 . 7.8 ·:. -·. ; . 
-----

·See .footnotes at ·end of table. 

• • 

.t . 

' 



-•• • • :Table· 20.--Analyses··of _-water from vfil.ls and.test-·wells in Boles well f'ield 1 Otero County, 
· · N. Mex. - .Continued. 

Analyses by u.S. Geological Survey. ·(Chem~cal constituents in parts_ per million.) 

1\) 

·:···<>'& 

Location 

L 1 .. 10 ~19 .142 

'19.144 

: 

. . 

.. 

Well 
no. 
!Y 

14 

5 
.. 

~ 

Depth 
Land owner of' 

(Lessor) well 
(feet) 

L. c. Boles 253 

do. 75 . 
.. 

100 -

205 

... 

.. 

. 

.. 

.. 

See :footnotes. at .~end of .. :-:table. 

\J 

Date of' 
coll~ction 

.. 

May 23, ·1955 

Aug. 24, 1955 

May 25, .1948 ~ 
May 25,· 1948 ~ 
July 29, 1948 

Aug. :.18., 1948 

June 8, 1950 

. "June .16, 1950 

June -.19 ;· :l950 

. ·Aug. · ·3, 1950 . 

Sept. 29, 1950 

Nov. 28, 1950 

.. Dec. · 6, ·1-950 

Feb. 15, 1951 

Mar. 1, 1951 

Apr• 5, 1951 

Sil- Cal- Magne- Sodium and 
ica cium sium potassium 

(Si02) (Ca) (Mg) (Na+k) 

23 268 143 .· 2.1 

23 - - 472 221 12' 

- . '172 71 '185' 

- 162 59 .'230 

- 101 43 17 
' - 95 .40 .28 

-. 96 . )t2.:· . 33· 

- . : 98 .. 42 29 
. -24 . . . :·96 ·_.40 -27 

'. ',43 . . ; 

2'4 99 ·. 23 

- 94 .~2. 
~ :~, I •' 

17 

94 f.42 _·27 .... ,, 
. - -

- 98. . -~3-. . _:.26 

- 91 . .. 41 26 
: 

,~1 - ·'·95 28 

- '102 · .. 43 20 

• 

~· 
I , 

.t 



• •• 
. Table. 20.--Analyses of water from ·wells and test wells in Boles well field, Otero ·county, 

· N. Mex." -·Continued.' 

Analyses· by U. S. Geologi~al:- .. -~~;y ~ ( Ghemical constituents i_n parts per million.) 

' .. :Locatton 

lT;10.19.·142 

19;144 

1\) 

~ 

Bicar- Su1- Chlo- F1uo-:- Ni­
bonate fate ride ride .:trate 
.(HCO') (so4) (Cl) .(F). (N0

3
) 

104 

204 

284 

~63 
-242 

;239 
243 

321 605 

654 885 
536 235 

627 197 
221 27 

222 24 

237 126 

·243 I 232 27 
-.234 . 225 26 

.. ,.242 226: 27 

.'2l4 :220 27 

-236 223 28 
241 232 ·28. 

;243 220 27 

246 220 25 

244 232 24 

0.4 

-0.1 

~ 

5.4 
20 

1.0 

·0.6 

0.8 

1.1 

1.4 

'1.3 

; 1,'·0.8 

1".'1 

0 .• 8 

1.3 

0.9 

o:~8 

0.7 

0.7 

"See· ·footnotes at .end ·of table. 

'Dis- Hardness as caeo3 Per- Sodium- I Specific· 
solved -. cent adsorptiOn- conductance I pH 
solids Non- · Total sodium . ratio I {mi.cramhos 

carbonate (SAR) .· at 25°C) 

:1,400 1,150 
·. 2,390 ... 1,-920 

.1,340 488 

.1,410 ·. 431. 

. 529 230 

.. 528. 

: 555 
.:.549 

:. 554· 

:' 561·. 
5'06 . 

. 531 

547 

:·532 

531 

542 

206 

213. 

'218 

.212 

226 

232 

214 I 

- 224 
.. 212 

'204 

. 232 

1,260 I 0.3 
2,090 ... 13 

.721 I -

646 I -

429 

402. 
. 412 

417 
-404 

424 

407 
4'07 

422 

·410 

. 4o6 

432. 

15 

13 

.. 13 

:10 

---8 

13 

12 

l2 

15 

9 

. ' .. -

0.0 ~ 

0.1 
. -

-

~ 

-
-

I. 

I 
I 

2,610 

: 3,_190 

·2,020 

'2,050 

839:-. 

839 

. 837 . 

.. 840 

· B38 
84~. 

835 
. 817 

·.835'· 
.· .· 8·39. 
:- ..... · 

836 

842 

7.8 

7·.2 

8.0 

7.5 
7~5 

7.7 

7 .. 7 

7~6 

7-5 

7-5 
7.8 

c--• 

A-· 



• • 
. ·.Table -:20-.---Anal.yses ·:of::va.ter ""from wells. and·-·test ·wells i.n-Boles ·:well field.; .Otero :County, 

N. Mex. · --- Continued. -

• 
Analyses py u.s. Geological Survey. (Chemical Constituents in-parts per million.) 

-Well Depth _ S~l- Cal- Magne- Sodium and 
Location no. Land .owner of -_Date· of ica cium sium potassium 

!I .(Le.ssor) well _ ~oll~ctiott, _(S~Q2) (ca} (Mg) · (Na+K) 
(feet) 

l7.10.I9.-~44 5 L. ·.c.- Boles .· 205 . ·:Apr. ·.12 j .. :1951 . - .101 43 19 . 
May 24,. 1951 -- ·>'94 41 . 3.0 

. May ·.31, .1951 - _.- 9_3 ---41 24 

June_28, 1951 - ·_-,91 42 23 

. July 5_, 1951 - -·a 43 .... -26 .. 
. ' .9 

.·g 
.. 

.July 12., ~9-51 . 98 :40 . . 29 ···-.~ .. 

. JU:ly ·''20, .. 1951 .. 
·, 98 . '42 .. 22 .. -:- . 

. . 

.... JUly·-~ 26',· "1951 .·- 0 -91 -- . ·-.41 _'29 ; ·- ._ . -
.. · .. Aug •.. -.6,.- l951 ... ·) . . ~ ~96 ·.41': .. . ··:-:33 . . 

.. ,. . . Aug. 16, 1951 
·-

91 ·_ '"39. . .'30. - ,: 

Aug. 20, 1951· --- . :94 42 -
: .. . . . -.:Au:g>·-~2-4~- :·1-951--- ..... _ . .._ ··- . .. :98.: ..... .-.4.4 . ..... ·--.:20 

. ) 

Aug. 31, 1951 · • .. - . . ·_· 98 41· -·- 25". I . 
·: .• 

Sept·. 4,.-.1951 _. - 91- .41-: . 25"' :. 
-

··.-sept •. -11, · .1951. 98 , .. 41. ... 
·27 -

--. -. :-.-·- s-e:e- ·'fo-otnote ·s: .. :at:··.-ena ::-Qf·--table .• 

...,; I • w 

-~ 
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• •• 
Table -~o._-~Analyses of ·wat~r ·from wells and. test wells in Boles well field, Otero County, 

N. Mex. - Continued. 

Analyses by U. S~ aeological· Survey •.. (Chemical constituents in parts per mill'ion.) 

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardn~ss as Caco
3 

Per'- Sodium- Specific 
Location bonate fate ride ride ·trate solved cent adsorption. conduc:tance -pH 

(HCo
3

) (so4) (Cl) (~) (No
3

) solids Non- Total sodium ratio (micromhos 
carbonate (SAR) at 25°C) 

17..1.0 .19.144 . 247 222 25 - 0.9 533 226· .· 429 9 - 835 .. 7.8 

247. 219 26 - .0.8 ''533 . 200 . 403 .14 - . 838 ··7 .3 

-239 220 25 - 0.1 -524 . 212 ... : 4o8' '1.1' ·:·<,- 835 .· 7.3 

241 .221 26 ·- ··o.6 529 : 217. 414 u: ··- . .. 835 .. T-.5 
'•243 229 '28 - ·o.'1 . ·545 222 ·422 . '12: ... ·- ~ 

.. 836 7:.7 

242 223 28 - l.O 538 . 210· .... 409' . 13· - . 835 •' 7.8 
... . 246 .-215 ·27 . - ·0.6 ·.526 · ... .• 216: 417 .· · .. 10 •!'.~ • ... 8.38 . B.l 

251 '221 27 - ·o.6. 54o ·· 20~;):. '410 . 13: . - ~ . 840 .. :· 8.0 

243 '235 25 ·0.8 . '5'51' ·. . . 209 · .. ,. 4o8 15 ' . ~- 839 .... - 1·'9 .. ·- ·~ .. ·- : 
.. 

.. 242: "·28 .. ..''204 . ..-402 . 14 ... 838 .. · .. · . . 221' 
. -- . 0.9 . "•535 · . - 7.7 

239 - 27 - ·o:8 - 211 . 407 - . ··- . -837 :7.7 
.. 

.. 
244 221 28 - . 0.7 532 226 . . 426 9 . - 839 7.7 

245 221 ,. 25 . 532 212 413 841 
.. 

.7 .6 - .. 0.1 12 ..... 
. . . 

.. ···:··242 .·.221 -~-25 -- · :·o·:a · :;·:·:-529 . -~- ~212 . ·:·410 .. · .":"12 . ... . ~ . .: .. ···:·_·:~39:· ,"· . .·:·1~ 1 ,.-
.. 

. 538 4~3 
. . .. 

7.4 243 226 26 - 0.4 214 12 - 839 

. :See" footnotes ·at end· of ta~le .. 

j • 

'. 

~ 



• • •• 
· , ·· ·· - ··-~Table 20 ~-~~se·s ·-of-::-wter :trom~~wells:-and~ .test-·· wells ·tn ·J3oles ·weif ·field, Otero. County 1 

. N. Mex. ~- ·continued. · · 

Analyses by u.S.- Geo1o·gicaJ.·SUrvey. (Chemiea.l constituents·in·-parts ·per mflli"on.) _ 

1\) 
~ 

. . 1\) 

· ·wen· 
· ·-~·ocation . ncf. 

~-

J.7~~0 .. l9 .·144 ---5 

.. 

.. 

' 

: 

#. 

.. 

.. 

·.~ 

- ------ ---

·Land ··owner 
{Lessor). 

.:L •. c ... B·oles 

.. 

.. ----· . 
. . 

_ Depth 
of · 'Date ·or 

well coll,ction 
{feet.} 

·.205 .. __ :Sept-~3, 1951 

· Sept~· .. 1~,- 1951 

Oct •. : 2, .1951 

· ·oct. ·--17, · 1951 

Oct. 29, 1951 

·. .. :=Jan:. . .2~ .. 1952 · 

·Feb .... 2, .. ·1952 

... :::/tpr ~ .: 24_,_~~952. 

MB.;Y" :2:3,· -1952 

.. ,• =·. JU1Y'·J)J., .... l952' 

Aug. 18; ··1952 

.Sep~. · 23, 1952 

~j4a:r.::~··:·24,. -.~95-3 . .. 
.... · . -

Apr._ 2_, 1953 
.. · .. May. '16, 1955 

· ··See:~·-r.ootnote·s :at .end.·of'~t·able. 

\.I 

811-
· -~1-ca-
(8102) . 

-
-
--
-
-

·.··· .. 22-
.. 

. - ' 

. - .. 
: --

.. -- . . 

- .. 
,2; 

---
. -- .. 

21 

Cal- · Ma-gne- Sodium·-and 
· -·cium . ·'slum _ . · :patas·slum · 

(ca} (Mg) (Na+K) 

100 . 39: 28 

. 9~ 44 21 

:_. £?.~ 4Q .. 33 

: ·-,~98. ··41' 23 . . .. . . . . 

~"98 43 22. 
·. 1o6 44 . 5-5 

'104 :· ·. 43 '15 
''98' .. '44· . .13 .. 

.. 98 .... ::4'3 .: 23 .. 

; ·.·96 . 42 .... : ·28 ·: 
' 45. 18 103 

: . ... · 
: 102 . 44. 9·9·· 
. :.:·ro2 -- ·-"··.'· .. 42 .. . ... ·· .. i:S ...... 

. . 

100 48· 11' 

95' ...' 43 31 

'9· 

.t 



'; ; . .- J ... .-; 

··~ . •• 
Table 20.--Analyses of·water from wells and test wells in Boles ~ell··field1 -otero~County, 

N. Mex. - .. Continued. ' 

Analyses by u. s. Geological Survey •. (Chemical Constituents in parts per million.) 

Bd.car- Sul- Chlo- Fluo- Ni- Dis·- Ha-rdness ~s Caco3 
Per- Sodium- Specifi-c 

·Location b·onate fate ·ri·~ ride· trate solved cent ·a:asorption~ conductance pH 
(Hco

3
) (804) (Cl) (F)· (N0

3
) solids Non- Total sodium ratio ( mi cr_omhos 

carbonate (SAR) at 25°C) 

17.10.19.i44 '244. 222 . 28 ·- 0.9 538 .. 210 . 410 . 13 - 836 7.5 

243 ·212 "26 - 0.1 516 212 ···410 .10 . ··- ·841 7.8 

251 221 27 ·- 0.6 "541 "196 402 
.. ' .. 

'843 7.6 15 -
245 219 24 - .0.5 526 212 "413 .11 :-. - 848 -~ 7.6 

: 

240 227 26 - o.a 535. 225 422 10 .. • - 835 1 ... 6 

239' 219 23 - .1.1 5.39 . ·250 . ·. 446· . 3. -... ···~36 . 1.·1 
1\) 

Q 
.. 245 223 26 . -- o·~7 .. 533· . ·-236:. . 436 . 1 ~ .. · - . ~ '. "846 1.1 

245 212· 23 : o·.7 512 224 . "426 6: 
, . 

836 - - ' -
-240 226 28 ·-. •.0.8 ·-537 . ·-:_225 .... ·.-422 11 

·' 
. - ; . ' -840 7-.8 

: . ·252 . 22l 26 - 0.1 538 ' 206 412 13 - : 

851 . 7.9 

"253.· .· .·224 .. '28· ·- .·0.7 544 '' '234 442 ·a - .. 853 .. ·- .t-

235 225 21. - 1.2 542. 243 436 . ... 5 . ·- 830 ·7.8 
' 

... .. 247_- ·218 26. ··- 0 .. 6 ·528 . ·:224. .. 427 8· - ~ .. · :,-4~45 . T~9 
' . 

.244. 224 26 ·- 'l~1 .530. : . 247 . ·. 447 5 -... 841 . .. 7.6 ... 
.. 244:.: 223 . 34 ... ·o~2 ·· ·.··o~a '568 .. '214 - -~414 . . :14 .. -"0.7 . 862 7.4 

· See .·footnotes·. at ... end: of. table • 



1\) 
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• • •••• 
Table· 20. --Analyse·s- "Of-water· trom .. :wells ... and·..tes.t ... we11s in. Boles wel.l field;, .. ,Otero County 1. 

N~ Mex. - Continued. 

}J}alyses ·by . .u. s . .-~Geol.ogi,cal··.Survey •... ·.(chemi·cal· constituents-·:in .. parts. per .million.) 

.. 

- -·· Well .. ·Depth Sil- -Cal- .. Magne-·· ·sodtum and 
· · ·· Locat;lon.- · ··-no. Laud,··awner :of ··nate of ·ica- · ·c1:um· sium··-' ·potassium 

:d (Lessor) well collection (8102) (Ca) (Mg) {Na+K) 
{feet) 

:17 ~-10 ~19'• 2tl4 4 .-·.R. N. . Noltey 1-40 ·Apr~ ··1; 1948 !:1 - ·101 43 26 

... 19·234 21 do. llO · Apr •.. 16·, 1953.~ - ~·· - -
·250 - Apr • .. 24, .1953 - . ·122• . . . :~.-49. . ··:24 . 

.. :·i9··~241 -~22 · . ·-·.·,-.. _-do. .. -·110 Apr •. · 21", · 1953 E.!!:) - -· - ·-. 
250 .May 1, 1953 - 102 ·. 46 22 

See footnotes at end .of table. 

" 
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• • 
-~able· 20 .• ---Analyses of water :from wells and test wells in Boles ·well field,. Oter~ County, 

N •.. Mex. - Cont·inued • 

. Analyses by .U. S ... Geological Survey. {.Chemical ·c·onstituents iu parts ·per "million.) · 

BicaJ"- Sul- Chlo- Fluo- Ni- Dis- Per- Sodium- Specific 
.. Location bonate fate ride ride. trate solved 

~ardness as c~o3 
cent adsorption~ conduc.tance 

1\) 

$ 

(Hco
3

) (~04) (cl) (F) (N0
3

) solids Non- Total sodium ratio (micromhos · 
carponate (SAR) at 25°C) 

L7.~0.-19.214 237. 243 26 . - 0.8 556 233 427 

19--234 ''35·· .. ·- -~·- - - ·- -
.. 235 292 -42 - 2.2 647 314 

"19.241 37 . 
.. 

·- - -- - - -.. 

,'234 242 "33 . - -·o.8 561 ·. 252 

-:Y· _··See -cross_ :indic.es .. of well. number._s 1 - p. 11 •. 

· EJ :. Ana.l.ysis :reporte·d by Holloman. Air---Fo~ce Base;_ _N. Mex • 

.. · Ef · .-Sampled while ~;drilling .• 

-
506 . 

-
. 444 

-- -
- -

·.· ... : 

9 -
. ·, 

- -
' 

'11. -
! 

. :·~--.·:Balled f:r_-om · sur.face -·of ·vra.ter _ .. in well. :f'or -speeial ·t~.st· .. -of :quality ·ver~u~ p~pag~. 

· ~ -Contained 0.12 ppm Fe. 

I 
I 

840 

-
'991· 

·-
-·~873 

.. 

pH. 

7-5 

1-9 

7-5 

7.8 

. _.7 .5 

·e:; . 

.. 

.Jt 



• . • .• .• 
Table 21.--Analyses ·of water from private and mUnicipal we~ls in vicinity-of ·Holloman Air Force 

Base 1 Otero County 1 N. Mex. · · 

well . Depth .. Sil- Ca~-. MS.gne- Sodium and 
Location no. in Owner .of ·-Date .. ·~:f ica cium· sium potassiiun 

· W.S.P~ well colle.ction (Si02 ) ·(ca) (Mg) (Na+K) 
. 343 (feet) .. 

16.9.31422 - Wade Maupin 200 June 25, 1954 - - - 135 

1.3.320 - E. A. Steinhoff ao Apr. 18, 1950 '=/ - .173 '62 1~0 

- .· .. · .. do •. ... 2~5 May 10, 1950 - 161 6~ ... -119 

. 25 ~220 - Don and . John·· Stevens 190 Apr. ·1947 - 566 350 11500 

26.o·200 1630 - 1':,004. Sept·. ·1911 , - . 5.98 -86 ·201 
. ·.·· 

1\) 

g-.. 
.32 .. -343 - Stat·e .of ~ew MeXico ..... __ Apr. ·15., ~954 - ··- - 52 

16'~10. 5 .1.33 .. ~ .._ v ... E. Clark • 240 May 26, "'1955 ·- ·- - -.. . .. 

5' .342· -. Dr. Baumg~tne:r 270 do. - . - - . - .. 

7.223 - .Otero County F~!r .·.- ·:.-. · .. 

·As-sn. . .. - Apr·. "1951··-_y. . '20 .. - - . 
.... 

- do .. -' Jtily 21 ,· ''1954 - - -- -
·8~344 - Claude ·Holguin - Mar • . _·.ro, .. :1955 · ·- - - ~ 

17.342 - Ti'ce·. Elkins ·"200. 
·' 

.JW.y 22, ···1954 . -. - - -•· 
.... i8.231 ·- ·Town ·of Alamogordo --. May· t~ ,- ·1954 - .. . ·.- '341_· .. 

.18.241 - New Mexico S~hool.tor ··- Aug. 2, -1945 'EJ ·20 . 632 283 - :t 

Visually Handicapped - .. .. 

·---See ·footnotes ·at·· end ·of· ·table • 

'-I fill 
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• • 
Table: 21.--Analyses of Wa.ter fr6m private· and municipal. wells ·in vicinity of Holloman Air Force 

Base, Otero Coun~y, N •. Mex. ~Continued. 

----

Bicar- Sul- Chlo- Fluo- Ni- Dis- Hardness ·as CaC03 Per- Sodium- Specific pH 
Location bonate fate ride ride trate solved .. cent adsorption• conductance 

___ :(HCo
3

) _{so4) {C1) (F) .(No
3

) solids Non- Total sodium ratio (micromhos 
carbonate (% Na) (SAR) . - ·at· 25°C) 

16.9.3.422 250 425·. 192 - - - 421 626 32 2.3 1-,720 . -
13 .• 320 -283 450 174 - -1.·4 '1.;120 -454 . 686 28 - '1, 700 7-.'9 

.. 248 445 .:175 - 2.8 .-1,090~ 454 656 -28 - 1;.680 -
: 25.220 ·.-;54 435 

.. 
·.2.,560 '2.,850 ·. .. 5,470 - - - - - .. ~' -

... 26;;200 1IO. 1;Bo1 210 .. 3-j'049 ·- - ' - - -- ··- -
-~-32. 343 :131 -466 _ .. _340 - .·1.1 - 822 -930 11~ . -. . 1,980 . -

16.10 .5 .• 133 243 550. 230 - - - 626' 825:' - . -. 1,930 7.2 

5-342 247 '473 200 588 790: .. 11750 7.2 - - - -·.·~ ·: ' -. 
: 

7 ~22'3 ·.266·. :·597 -- - - 1,380 - '-1.87· . - - - '7·.2 . 
- ·570 196 -- . - ·1,370 - -- ·-. - .. l~9~0 -

.. 8~344 ·.155 . 2~-560 -295 - ·- - ·: .. 2,420 2-,550 .._ - .. .. 4,·680 -
''17 :342 . - . ;.,.o6o . 64o .. _ - 5'~'950 - ·- . ·- - . .... ··6~'-400 -.. 

18.231 251 1,550 455 - - - i';-510 . 1~720· . . 30 - .. 3;:940 -
18.241 54 1,541 1,4oo - 390 4,880 - - - - - -

- -------- - --- -- ---

See .footnotes at end .of table. 
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• • • • • • Table 21.--Analyses· of·water from private and ~icipal wells in vicinity of Holloman Air Force 

f, 1 

Ba~e 1 ·Otero County 1 N. Mex. - Continued. 

well .. .. Depth .· .Sil: ... Cal- · Magne- · · Sodium and Location , no. in Owner of" Date of" ica cium ·. sium 
: w.s.P. well collection (Si02) (ca} (Mg) potassium 

343 {feet) (Na+K) 

16.10.19.238 - Alamogordo Swimming 
··po·ol - ·Ju1.y 'I945 ·E.t '''69 580 '280 -

29.243 - : - ··Town .... crr A1amogorao · ··-300 ··- -·T945. _E_/ . 27 229' 72' -
30.422 - H •. J. Falk(;!nberry · -270 May '19 , .. -1955 . - - - -
30~432 -. Earl Haggard 240 July 211 .1954 . - - .. -
32.122 . . ' 142 . 1945 E) 43 '301.-~ ... 159 - (formerly Le·Brito~ -

-~ 
.. do • . 142 Dec. 1947 - 3o2 151 197 -

33.;40 - Town of Alamogordo 300 June 1945 a 1b/ 1.8 136 68 - ... 

- do. - ·do. b,c/ -41 88 -54 -.. ,. . · ··--...;; .. 

17.7-.23.412 .1702 U. S. Government ·10 ·Nov. 1911 - . 558 214 322 

- do. 10 . Apr. ~13, .1954 · - - - 224. 

. 17.;8.6.220 S·29 · .do. . ·_Spring 1911 '585 .144 ~ .. 1,-~34 - . 
' 

13.231 - do. .110 ·Mar • 1, · 1949 2:/ - 965 3,360 12,600· 

13.311 - do_. 160 june 1945 ·::.~ 321: 3',010·. 1,715 . 9,900 .. 

28.312 S-30 do. Spring 1911 - 623 187 2·,o60. 
tt· 

·.See footnotes ·at·-end--of· ··tabl~. 
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• • 
Table -21.--Analyses o:r··tmter·fr6m private and municipal wells in '·vicinity of Holloman Air Force 

·Base, Otero Coun~y,. N. Mex. -.Continued. 

Bicar- Sul- Chlo- F1uo- Ni- Dis- Hardness as caeo
3 

Per- So_diUPl~ Specific 
.. Location bonate fate -ride ·ride trate solved cent . adso~ptj.on- ·conductance ·pH 

·· {HC.o
3

} (804} (C1} (F.) .{N0.
3

) solids Non- Total .sodium ratio · {.micromhos 
carbonate ('fo Na} (SAR} at 25-°C} 

16.10.19.238 - 1,84o .930 - - 4,880 2,404 2,600 - ·- 7.4 

29:'243 230' .660 175 - - 1,516 ·684 871 - - ... - ' 7-3 

.3Q.422 ·-199 1,760 810 - - ·- .. ,2,240 2,400 - - 4.,999 1.0 ..... 
·-·4;740 '30.432 ··- 1,630 1,120 - - -- .. - - - 5,760 -

' .... 

244 2,442 1~156 .32.122 179 1,193 ·- ... 1,303 ·- - - 7-··2 

184 1,190 280 o·.4 20 . 2,2.30 1,220 1,370 . - - 2,960 -
33.340 151 . 358 104 - - 889 467 591 - .. - - -7.4 

i·. 

'202. .:362 '46 - ·-- . ·6-55 .':242 . ·410. . - - . - -
"1.7 ·1 .23-.412 ·. '95 2,329 . 336 .. .'4_;196. ! ··-- . ·- .... ._ - - ., -- - .. . - --

183- 1,-910 . 224 -·1;·.88o · · ·2,030 ... 19 .. 
·· "3, 71U : . .. ··-- .. - -- ·- . -

. 17 .8.6~220 :_.152 2,570 2,1~3 .·- .. - ··7;504 ·- . ·- - - - \.:·: ·: "'!' 

·:13.231 "2o8 9,28o 24poo - - 50~300. 161:t00 16-,200 . ·.63 . -- ~ 61,700 6.7 

13.311 - 1,94o 15,<XX) - - . 32,000 14,400 14,500 - .. - - 7.6 
. . ::· ·.· . .. 2'8::312 . ·.173 .2;971 -2,5~6 - ..... -~;970 . ·- - ·- ·-·- -· . - ... -

.. ·· See<'.f'o·otnotes ~at· end :.of. table .• 
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• ••• • • • Table 21.--Analyses of water tram private and municipal vella in vicinity of Holloman Air Force 
Ba~e, Otero County,.N. Mex. -Continued. -

Well _ ··Depth Sil- Cal- Magne- Sodium and 
Location no •.. in Owner of Date of ica· cium sium potassium 

w.s.P. well coll-ection (Si02) {Ca) (Mg) (Na+K) 
343 {feet) 

'17 .9 ;1 ~-112 - A.· G. McMath 145. July ·21,· 1954 - . ·- - -
1.141 - - - Frambeau - do. - - -. 
1.311 1703 - 50 Sept • 1911 . !} - 426/ 307' ·8o2 

1.440 1704 - 104 . ·do. - .262 137 ·-233. 

2.111 - : A. B. Garrett .. ~32 July'22, 1954 - - ·-·.· ... 

5.122 - L. Green 58 Apr. 15, .1954 - . - - 600 

·8.244 - ·do. - do. - . - - 341 

12.'422 - J. H. Pruiett 200 July 20, 1954 · - - - -
. - do. 200 May 18, l955 •, - ·- - -

: 

.12 .·433 - M. H •. McGee . '163. Oct ~--·16, "1954 - - - 109: 
·.14 •. 422 - Oscar. Kunkel - Apr • 1., 1954 - - - 95: ·. 

15 .• 240 1721 .. - 62 Sept. ·19].1 -. 755- 750 1,482! : • I 

.. 23.310 ·i~22 85 
.. ..... ~1""911.·' . ~: ..• :. . 

241 '120 ·201;. I - -· -
23.310a 1723 - 50 do. - 525 184 392. .t 

--- ---~--- --~-- - -- ----------- -----~ 

See · fo·otnotes ,at end ·of. table. 
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Table 21.--Anal.yseS of. ~ter frOm private and .icipal wells ;l.n vici~ity of Holloman A~r Force • 

Base 1 Otero County, N. Mex. - Continued. 
'-\ 

Well Depth Sil- Cal- ·Magne- Sodium and 
.. :Location no. in Owner of Date of ica· cium ~ium potassium 

W.S.P. veil collection i. ·(Si02) (Ca) (Mg) (Na+K) . 
343 .. (feet) 

17.9.25.111 - Dora Prather. Cooley 75 Dec. 12, 1952 - 122 40 66 

- do. 75 Jan. 8,.1953 - 116 56 4o 

- . do. 75 Apr. 1953 pj · 20 120. 76 
. . 

~ 

- ·do. 75 Apr~ 14, 1954 · - - - 48' 

25.112 - . . do. .85y May .1953 _a,b/ - 170 91 -
-·- do. l37y. do. ·a,b/· - 180 . 96 

. ··-
250 E) 185 

J - do. do. - 100 . - '· 

25.132 - .T. T~ .Mann - .. ~5!V June l953 .... a;b/ - '178 ~ 89 -
·do •. .. 

173§/ do. a,b/ 194 . 94 .. - - -
. ' 

- . · do. 250 .· do. E) - :I-62 88 - ;. 

1726 45. 94 
.. 

106'' 
I 

25.300 '• . - .... l9Il - 197 

35.242 Dora Prather eoo1ey 298 May 20, .19.54 22 110 51 · .. 40 

. ·35 -332 - do. 100 Apr. 1953 El 15' 190 134 -
I 

'· 

.•. ~ 

'Apr. 8, .19?4 '76 ... . - do •. 100 .. - - - ... . .. ; . ' .t 

"35~444 
,_ 

~·uo. ·297 ·Aug. :21 ·1954 :.EJ - . - .. 
-; .::85 . 

' . . , . 

- do. 297 Aug. ·23, 1954 · 36' 95. .. 48 59 -: . 

1·7 .10 .6 .• 122 - Walter ~Y 302 Apr •. ?, 1954 
... 

- ··- - 230 

See footnotes at end···:of table 
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Table .21. •-Analyses .-.of· wate-r :fram _·private. and lilUUi·ci:pal.. wells· in vicinity of Holloman Air Force 

Base, . Otero County, N. Mex. --.continued. 

Bicar- Su1- Ch1o- Fluo- Ni- ·Dis- Hardness as caeo
3 

Per- Sodium- Specific pH 
Location bonate fate ride ride trate solved cent adsorption- conductance 

(HCo
3

) (B04) (Cl) (F.) : (No
3

) solids Non- Total sodium ratio (micromhos 
carbonate (r{o Na) (SAR) at 25°C) 

17.9.25.111 234 328 . 55 - 2.5 728. 27~ 499 .23 - 1,o8o 7.8 

232 '329 51 - 2.7 109 . ··330 520 14 - 1,070 7.3 .._. 

- 315 70 - - -850 - -·470 - - - .7.1 

·242. .'316 ·53 - ·. '2~4 - ... 302 
··.· .. 

500 17 .. - ·1,100 -I 

"25 ~112 - . ·: 305 .. :·80 - - . ·706 . - .· 530 - - : - -
- ''330 70 -- -- - 743. - 560 - . - - -

360 ·86 798 570 
.. - - - - - - - -

·58 728 -540 
'. 

.25.132 - 292 - - - . - - - -
. - '378 ·66 - - . ···808 -·- .· 580 - - - -
- _.:326 68 ·:·- --- . -~ 730 . : '510 -- . - ·-- -

' . 
:._ 25"•:300 :·301 . '•689 '104· . ·- - 1;46; - -- -~. . - -- --

I 

..... ':35 .242 <223 ."'·299 ·53 0~'2. 2~0 . '·687 .... ;~302 484 15 'I - .1,-orb -
'35 .332 511 112 - . 850 660' - 7.1 - - - -

187 505 . 104 507 660 20. 
.. 

·1,460 - . - - ··-.. 

... ··'Q5·444 ··.·- ·····- . - .. ~·. ·- : ... ''· :.i;660 ·.· '397 . ·32 : ·.;. .. - .~ .i,b86 ... · .. -~B..l. 
. . 

204 322 41 0.6 1.0 703 268 .. ; 434 23 . 1.2 1,010 -
17 .• 10.6 .122 .201· 1,120 . 305 - - - . 1,.100 . 1,260 28 . . - 2,920' -
- - -·- ·-. 

·see· :foo.tnotes . ..:at~--end ·"'f :.table: 
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• • • • Table 21.--Analys~s of water.fram private and municipal wells- in vicinity Of Holloman Air Fqrce 
Base, Otero County, N. Mex. - Continued. 

Well Depth Sil- Cal- Magne- Sodi~ and 
Location no. in Owner of Date of ica cium sium potassium 

W.S.P. well collection (Si02) (ca) (Mg) (Na+K) 
343 (.feet) 

1 7.10.-6.132 - Walter Ray . 140 Feb. 22, 1945 22 230 128 -
- do. 140. Jan. 15, 1949 - 253 125 147 

- do. 0 216 Jan. 2), 1950 -· 304 136 ·. 140 

- · do. 216 May 18, 1955 - - - -
6.311 - L. 0. Najera 140 Apr. 6, 1954 ·-. •. - - .68 

29.314 - Don Taylor ·222 Apr. 29, 1954 - ' - - 47 
30.130 - do. 213 Mar. 8, 1948 · - 66 36 24 

33.~234 - do. Spring Mar. 29, 1954 - -· - 58 

8.7.14.330 18o2· u. S. Government ·8 Sept. 1911 - 539 335 -261 

18.8.5.431 0 - do. 989 Sept. 51 1926.E/ - 719 ·192 1,92.6 

do. ·-·· 989 Mar. 30, 1954~ 
0 0 -. - - -

12~113 - G •. B. Oliver 40 Apr. 8, 1954 - - - 550 ° 

17.412 - do. Spring do. ~ - . - - ·1,320 

8.9.10.443 l~05 Jack Prather 35 Sept. 1911 - 312 290 392 
:t 

.. ~05. :.do. 4o+ Apr·.· ··1, 1954 · .. ._. - ·- . .~.- ·. -441 
.13.431 1809 - ·. 103 $ept -~ 1911 · - . _2·16 ·116 150 

23~442 - Buster .. Prather - Mar. 25, .1955 ·- - - -

See·footnotes at end of table. 
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Table.-21.--Analyses of water f'r6m private and .muni.cipal··wells in· vicinity. of Holloman Ai~. Force 

Base 1 Otero County, .N. Mex. - .. Continued. 

Blear- Su1- Chlo- F1uo- Ni- Dis- Hardness as caeo
3 

Per- Sodium- Specific pH 
Location bonate fate ride ride trate solved cent adsorptiOn~ col).ductance 

(uco
3

) (so4) (Cl-} (F) (_N~3) solfds · Non- ··Total sodium ···ratio ( mt·cromhos 
carbonate (cf, Na} (SAR) ··at ·25°C) 

7.-10.6.132 193 8'27 215 - - .1,905 911 1,071 - - - 7.4 

200 . -919 235 - 15 1,790 -981 1,140 - - 2,440 7.8 

-175 1,.060 25a - . ·23 2,000 1,170 .1, 320 -19 ~ 2,74Q 7.8 

. 1~180 .i,340 
..... 

197 1,000 270 . - - - - 2,619 7.1 

6.311 .201 592 161 - - - 696 . 860 15 ·- 1,760 --
29.314 . 219 309 ·40 - ··.o.·O - 276 455 18 - 997. -
30.130 '64 251 36 - 0.1 445 260 312' - - 716 -

. 3;~2:34 ·.246. 449 -58 - .. o .. ·1 ·- .. ·424' 625 .··17 - .1,280 -
B.T.14.330 183 2,769 J.88 ·- - 4-,oBo. - - - - ·- -
18 .8 -5 ~ 4·31 . 1l7.J/ 2,910 2,540 

. 
B,4o6 2',585 . u~ • - ··- - - - -.. 

. 128 - .2,610 ·- - -- - ·- - - 11.,700 -
12.113 - 2,070 865 - - - .,2;·180 2,250 .35 - 5,510 -
17.412 119 1,510 2,670 - - - - 2,470 2.,570 53 - '11,600 -

8.9.10.443 197 1,811 566 - . ·-- 3,751 - - - - .. - -
··:200 1,720· 5·20 - ··~· ·- . ··1·;-570 . 1,730 ·-.·36 . ; . - -.. .. . 4,280. -

13.431 . 244 827 . . 199 - -·· ···-·· .... -~·.804 . - - - - - - . 

23.442 222 .. 1,390 . 302 - - - . ···1.·.(330 1;510 - - ... 3~300·· .. -7.8 
-- --- - ---

.See footnotes at end of table. 
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• -· Table 21.-~Analyses of water from-private and municipal wells in vicinity of Holloma~ Air ·Force 
Base, ·Otero County, N. Mex. - Continued. 

Well _ Depth 
! 

Sil- Cal- Magne- Sodium and 
.Location no. in Owner of Date of ica cium sium potassium 

w.s.P. ·well collection (S102) (ca) (Mg) (Na+K) 
343 (feet) .. 

18.9.26.311 1812 Jack--Prather 50 Sept. 1911 - 611 304 -829 

- ·do. 100 Apr. 71 1954 - - - 618 

18.10.6.241 - _ Mrs. B •. D. ·Douglas 154. Apr. 6, 1954 ,_ - - 48 
.. 

15.113 - u. S. Government Spring -Apr • 7, 1954 13 - - 18 

-28.141 - Tom Fairchild -93" May 7;-_1944 - . 92 49 36 
',' .. . . 

- do. - Mar._ 25, 1955 R/ - ' - - -p 

30.242 - dq. - do. - . - - -
31~.221 ·- Bay._.'Prather - - "'do. - - - --
35.313 - Sam Fairchild - do. . - - - -

19.10 .·4 ~124 - Langford Ranch -. do. - - - . -
17.231 - -·do. . 240. do. - . - -- -· .. 

·. 

MB.~(·I944 6~. 48 68 17.233 ·- do. 150 - . 
---------- _L_ 

· - ··see ··footnotes·· _at end··--of table • 
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Table 21 .. -~Analyses ·of water :from private .and :municipal. wells .. in vicinity of ::Holloman Air Force 

Base, .Otero· County, No Mex. :- C-ontinued. 

Bicar- ··Sul- Chl.o- Fluo- Ni- Dis-
Location bonate fate ride ride trate solved 

(HCo3) (so4) (Cl) (F). (No3) solids 

18.9.26.311 122 3,016 953 - - I 6,912 

156 -2,690 .1,060 - - I -
18.-10.6.-241 - 220 '380 .69 - ··- -

.... · .15.113 296 206 30 - 0.8 -
·28.l41 218 253 45 - 3.6 586 

.· 201 263 46 ' - --
··. ·30~·242 "218 1,200 , .. '700 ... - -

31.221 225 747 152 - - -
. . ~;3.5 ~-313 207 . ----.251 -~· 39 - ..... .._ . -

19 .-10 .4 .124 .... 229 273 .. 61 ·- - ·-
·- ~-17 .231 .. 184 265 . 6.3 . - -- -

17.233 170 ···255 '10 - ( 
"'1~0 590 

~ Sample taken while well be.ing ·drilled. 

~ Analysis reported by town of Alamogordo. -

· · Ef · SBJilples belov-~300 'feet .. 

. 2} . Density: 1 • 036 grams per milliliter . 

Hardne 55 as caeo, -Per- "Sodium- Specific pH 
cent adsorption- conductance 

Non- Total soditim ratio (micromhos 
··c·arbonate ('fo Na) (SAR) · at 25·oc) 

- - - - - -
2,950 3,080 30 - 6;860 -

; 

390 570 15 - 1,210 -
218 ·460 8 - 886 --. '· 

·252 431 - ' - 947 -
"290 455 - - 928 7.7 

-
1,830 . 2,010. - - 3,980 7.2 

826 1,010 . - - -1,9'70 1·9 
-296 465 - - ·882 y .. 5 

.-:322 510; - .. · - 1,010 7.4 

.·254 -405 - - 962 7~4 

.2i8 357 - - . 932 . ... 
":Y . Density·: ·1. 0032 · grams per m11lil1 ter . 

Jl Includes 9_.6 ppm carbonat~ (c_o
3
). 

· ··· .··"'Y ·.·Dens! ty !. 1 .. 004. _gams __ per. miilili ter · 

>~ · Includes 0. 3 ppm boron_ (B) . 

~ Analysis reported by Holloman Air Force Base. ··!:} Includes 0.18 ppm boron· '(B). 

· !} _ Depth .just below water level at depth· cited. 

y Approximate. 

2.1 · c·ompo·si te of water from 2 well~. ·.pumped· 
into common storage tank. 

• 
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• • • Table-22.--Analyses of water from Alamo Springs, Otero County, N.Mex.·~/ · 

. Analyses by U. s. _Geological Survey. (Chemical constituents in parts per mi~ion.) . 

Cal--- .. Magne-- - Sodium and -Bi-car- Sul-- · Chlo- Fluo- Ni- Dis-
Date of- cium- sium potassium bonate fate ride ride trate solved 

collection (ca) ·(Mg) (Na+K) (Hco
3

) (so4) (Cl) (F) (No
3

) solids 

Jan. 5, '1943 120 "29 9·1 277 176 20 - .. 1.6 -493 

Apr·. 15, 1943 E/ 133 29 12 311 182 21 0.2 2.1 534 

Oct. 5, 1950 .122 27 12 ~13 147 21 - 2.0 485 

Feb. _11, .1952 127 . "27 -3~7 . 316 .. l43 '18 . o·.2 2.3 477 

May 1,· 1953 --~-1-31 29 .12 325 ·.170 18 - 2.4 522' 

Apr •. 15, · 1954 - . -- - . -~ ·- 340 - .11 . ·- - - -. ·.· .. 
- ---- ------ -------~~ 

1\) 
\Jl ------- - -~---

.0:> Table 22. --Analyses of water from Alamo ·springs.. ~/ - Continued. 

Date of Hardness as caeo
3 

Percent sodium. Specific -conductance . pH 
. ___ ·c:olle ction 

·. ···Non -.carb-onate Total · (% ·Na) 
(micromhos at 25°C) _ 

-.Jan. 5_-, 194 3 - 418 -- 807 .. -
Apr. 15, 1943 EJ• - "451 -· . ·796 8.2 
Oct~· 5, 1950 ~59 416 -6 778 ·8~1 

Feb. 11, 1952 169 428 2 . "773- . 7 ·9 -· 

May 1, 1953 180 446 •5 818 7.7 
.t 

Apr. 15, .1954 7·68 
.. - - :- . ·-

y CQlllposi te of all springs~ sampled .. from .. Alamogardo .re:;Jerv.oir..~/-or .pi-peline. 

EJ :Contained· no· borates --(B03) ·and -o~-05 ·-ppm--i.-ron. ·{Fe}·. · :. · 

\ari" ~ 
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--Table-23 • .:~Ana1yses -of'wate-r from La -Luz-Fresnal Canyons Wa.tershed, Otero County,. N. Mex. 

-- Analyses-.-by U.-S. ·-Geological--Survey. (Chemical constituents in _parts per million.) 

Date of Calcium Magnesium Sodium and- po_~ · 
-Source collection (Ca) (Mg) tassium (Na+K) 

. ' .... y"-=Karr ·canyon-Spring, -Fr~snal .watershed -~ · Apr .- 15, --.1:'94-, ·- "1.)4 . -- -2B 10· 

1\) 

~ 

uz Canyon, 3 miles N. of High Rolls E) do. 156 41 

h of La Luz Canyon -.::J do. 189 59 
~line -discharging "-into Alamogordo. -reservoir Oct. -5, 1950 '166 -45 

Do. Feb~- 11, -1952 .. , 188 :--·43 
·.' .. 

Do. · cMay 1, · 1953 189 ·43 

.Table 23.--Analyses of water·from La·Luz-Fresnal.Canyons watershed. -Continued; 

Date of Bicar- Sul- Chlo- Flue- Ni- Dis- Hardness as CaC03 
· .. collection bonate fate ride . . ride trate solved 

(Hco
3
) (sq4) (cl) (F) (No3). solids ·Non-

carbonate 

Apr-.-15-, 1943 .. ;88 142 "14 0.0 _·3.7 - 488 -
Do. 316 .. -305 199 0.3 2.0 998 -
Do. .· 2'23 -530 162 '0.3 ·3.9 -1,170 -

Oct. 51 ._1950 330 -307 235 0.4 3.0 1,070 328--

Feb. 11-, 1952 ·'50 . 314 235 0.2 3.0 1,090 --359 

May 1, 1953 358 336 247 - 1.7 . 1~150 "'355. ' 
-- - --

· !J Conta.i~ed·.no berates .(Bo3) .and 0.05 ppm iron_ (Fe). 

E) Contained O.l·ppm berates (Bo
3

) a~d 0.05 ppm iron (Fe). 

::} c"onta.ibed 0.2 ppzit berates (Bo
3

) and 0.05-ppril.iron (Fe). 

Total 

450 

558 

714 

599 
. '646 

648 
-----

P~r-
cent 

sodium 
(% Na) 

-· 
-
-

.. 35 
32" 

35 
-------

139 

116 

150 

. :139 

159 

Specific 
.conductance pH 
(micromhos 
at·25°C) 

752. 7.8 
1,530 7.8 

1,252 8.0 

_1, 710 .. . 7.8 

. . :1:, 770 T.6 

-1,8oo· 7~6 

.-t 
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Tabl·e 24 .--Chemical anal-Yses. of water from ·the .Bonito Lake ·\later system, Lincoln County, N. Mex. 

Analyses by Uo S. Geological Survey. (Chemical constituents ··in parts per million.") 

Dat~ of Point of .. Cal- Magne- Sodium plus ·Bicar- Sul- Chlo-
collection . ·collection cium sium potassium bonate fate ride 

· (Ca) (Mg) {Na+K) (Hco
3

.) ,(804) .(Cl) 

May 24, 1955 Parshall flume above Bonito Lake 36 14 1.2 59 I 
83 .10 

June '14,. 1955 do·. 42 9o.4 13 68 91 9·5 
· Do. ·Pipeline below Boni'to Dam 59 13 .. '16 96 130 ..13 

Sept~ 1, 1955 dOo 56 ... 14 .. ·1o 91 .117 11 

Apr. ·.21 , .. l955 . :Diversion dam .. on···Eagle Creek - - ..; . 53 45 .. 1 .. 0 
. ·:-

May .. ?o, ·195 5 ·'do. " 26 . -8.3 6~9· 
; 

'56' 54' a~·o 

June 14, 1955 do. 33 5.9 9.2 75 . 53 ,6.2 
.. 

. ·Do. . .... Inflow ·:to Nogal ::Re.servoir 58. . .. 13 16 95 .~130 ·.12 
.. 

Do. ·outf1ov from ·Noga1·Reservoir 59 ..13. 14. 95 . l29 .12 

y I ·I .., 

{, 

.t. 
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· .. Table: 24 ~ -...Chemi.cal -a.Ralyses --o~ -:water from the ·Bonito Lake. water ·system, Lincoln .. County, 

N •. Mex. - Continued. · 

Analyses by U. So Geological·Survey. (Chemical constituents in parts per million.) 

Hardness as caeo
3 Percent 

Spec.ffic 
Fluo- Ni- Dis- conductance pH Date of Point. of ride trate solved Non- Total sodium (micromhos collection · CQllecti·on (F) (No

3
) solids carbonate (% Na) ;:at 25°C) 

: 

May· 24, .. 195'5 Parshall flume above . 0.2 .0 .5 t88. 99 . ~148 ... 2 ··;oa 7.7 
B·onito .Lake 

-June .14, 1955 . · doo -0.7. 0.2 217 88 144 "17 . -349 ( 7.7 

Do. Pipeline below 0.1 0.5 286 122 200 ·. 15 459 7.2 
Bonito Dam 

·Sept. lj. ~955 .:do. ·:.o .• ~6 · ··o.·9 269 .118· ·: 197 ·- - . 430 (.2 

Apr. 27, 1955 Diversion· dam·on·· · ····- - - 60 104 - 2o8 8.7 .. 
. Eagle :.Creek . .. 

·May 20, 1955 ·ao. •, .:·0 .• 2. .· ~o.-3 i44 . ~ 53 99 13 232 7,3 .. 
·June l4, ·1955 · .~ .·ao·o ··o.·5 .. · ·:o.5 ·l'57 . ":' ·-46 107 .. 16 . 265. . 7-·7 

Do. Infl,ow to Nogal 0.6 0.3 283 120 198 15 461 7 .·3 
Reservoir ; 

Do. ·:Outflow ·.from .NogB.l .. ~.0-.6 . . 0 .• 2 ·.~282 .. l22 ·200 ~13. .. ....... -459 . .1.:..2 
-.·-ReseTvo±r 

--· -
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